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EXECUTIVE SUMMARY 

John M. Yohe
 

INTSORMIL Program Director
 

Introduction and Program Overview 

Sorghum and millet are important food and feed crops. 
They remain the staple crop for millions of people in semi-
arid regions of the world. Their unique ability to withstand 
periods of drought and other adverse edaphic and climatic 
factors have led to their widespread cultivation, utilization 
and consumption in Latin America, Africa and Asia. Sor-
ghum and millet are grown insome of the harshest environ-
ments and most fragile lands in the world resulting in low 
and unstable grain production. As population pressure in-
creases in these areas, the need to boost production in 
environmentally sound ways becomes increasingly urgent. 

To increase sorghum and millet productivity and utiliza-
tion, INTSORMIL was created in 1979 by the U.S. Agency 
for International Development (USAID) and operates under 
the Office of Agriculture, Bureau for Research and Devel
opment. Over the past 13 years, INTSORMIL has estab-
lished a dynamic, multi-institutional and interdisciplinary 
collaborative research and training program. INTSORMIL 
currently links the expertise of 30 U.S. scientists from five 
american universities with over 100 international scientists 
in 6 key sites and 15 other countries. Individual country 
programs respond to National Agricultural Research Sys
tems' (NARS) requests for research support. INTSORMIL 
provides technical backstopping, conducts collaborative re
search, trains national staff and studenLs, :nd contributes to 
overall NARS sorghum and millet program operations sup-
port. The success of INTSORMIL can be attributed to four 
unique features. 

* 	INTSORMIL capitalizes on over 90% of U.S. University 
sorghum and millet expertise where most basic and stra-
tegic research is conducted. This allows the unique op-
portunity to support and complement applied field work 
conducted at NARS by adding an otherwise unknown 
dimension to the resew-s,. 

" 	 INTSORMIL isan integrated, interdisciplinary orgariza-
tion encompassing breeding, agronomy, physiology, in-
sect and disease management, food quality, economics, 
and sociology. 

" 	INTSORMIL enhances the capaciiy of NARS to solve 
country and region specific problems through collabora-
tive research, thus increasing NARS technical and insti
tutional productivity. 

" INTSORMIL activities are constraint and NARS driven: 
identification and alleviation of priority production con

straints are achieved in concert with collaborating Na
tional Agriculture Research Systems, NARS. 

Productivity constraints were identified injoint meetings 
with Host Country scientists and became the basis by which 
the program matrix was developed. The matrix was utilized 
to create and implement a comprehensive interdisciplinary 
research program. Progress has been made to alleviate the 
constraints but some problems have not yet been eliminated. 
The constraints listed below are resolvable impediments to 
productivity both economically and institutionally. 

e 	Poor and unstable yields due to low and erratic rainfall. 

* 	Biotic stresses such as plant disease and insects. 

e 	Lack of appropriate value-added crop utilization 
technologies. 

* 	Lack of productive resource efficient germplasm. 

e 	Lack of profitable and sustainable production systems. 

e 	Need for human resource development. 

* 	Need for effective research infrastructures and 
operations. 

These and other constraints are addressed in a well 
planned approach described ina Global Plan which outlines 
a comprehensive approach to the resolution of the con
straints. The INTSORMIL strategy focuses on five technical 
thrusts, each aimed at increasing productivity: 

o Germplasm Enhancement - the development of resource 
efficient cultivars. 

e 	Sustainable Production Systems - establishment of envi
ronmentally sound and financially profitable production 
systems. 

o 	Biointensive Plant Protection Systems - the development 
of environmentally and economically sound pest control 
systems. 

o Crop Utilization and Marketing - development of shelf 
stable processed foods with good marketing potential. 

ix 



Executive Summary 

National Sorghum and Millet Research Program En-
hancement - short and long term training for NARS staff, 
equipment procurement, and overall NARS operations 
support, 

INTSORMIL collaborative research programs are di-
rected at alleviating the priority constraints within a collabo-
rating host developing country through interdisciplinary 
research. American scientists work together with host coun-
try scientists to resolve priority constrain!s. The U.S. Land 
Grant Universities actively participating with INTSORMIL 
are: 

Kansas State University 
Mississippi State University 
Purdue University 
Texas A&M University 
University of Nebraska 

INTSORMIL collaborates with many different countries 
and institutions. Of these institutions, INTSORMIL has 
designated six country/institutions as prime sites for long 
term collaborative research because of their ecogeographic 
location, national importance of sorghum and millet, and 
their desire to collaborate. The INTSORMIL prime sites and 
institutions are currently as follows: 

The Department of Agricultural Research, DAR, 
Botswana 

The Institute of Rural Economy, IER, Mali 
The National Institute for Agricultural Research, 

INPAN, Niger 
The Agricultural Research Corporation, ARC, 

Sudan 
The Secretariat for Natural Resources, SRN/ 

Escuela Agricola PanAmericana (EAP), 
Honduras 

The Institute for Colombian Agriculture, ICA, 
Colombia. 

This report summarizes the program effort during the 
thirteenth year of implementation. These thirteen years of 
experience continue to reaffirm the global need for INT-
SORMIL to improve sustainable and profitable sor-
ghum/millet production systems in developing countries. 
The report is organized by discipline and project and pro-
vides a detailed description of relevant annual activities at 
the project level. These activities have been summarized by 
subject and presented in the following pages in summary
form. 

1991/92 Activities 

AdministrationandManagement 

The University of Nebraska (UNL) is the Management 
Entity (ME) for the Sorghum/Millet CRSP and is the pri-
mary grantee of A.I.D. UNL subgrants are made to the 

participating U. S. Universities for the research projects
between individual U. S. scientists and their host country 
counterparts. Country project funds, managed by the ME 
and U.S. participating institutions, flow to the country pro
gram in support of the research activities at the host country 
level. The Board of Directors (BOD) of the CRSP serves as 
the top management/policy board for the CRSP. The Tech
nical Committee (TC), Ecogeographic ZoneCouncil (EZC), 
External Evaluation Panel (EEP) and A.I.D. personnel ad
vise and guide the ME and the Board in areas of policy, 
technical aspects, collaborating host country coordination, 
budget management, and review. 

The 1991/92 year was a very busy, but fruitful one, for 
the ME, BOD, TC and EZC. Below are listed several major 
accomplishments for the year. 

* 	INTSORMIL participated in an ICRISAT sponsored 
consultative meeting on the establishment of a sorghum 
research network for Asia, September, 1991. 

* 	Organized and implemented an international sor
ghum/millet research conference in Corpus Christi, 
Texas. The conference, attended by 200 persons from 21 
countries, addressed issues of sustainable sorghum/millet 
production, biotechnology issues in sorghum/millet re
search and crop utilization advances in sorghum and 
millet utilization. 

* 	Presented CRSP activities to U.S. Congressional, World 
Bank, Environmental, A.I.D, and USDA delegations in 
Washington, D.C. This initiative results in higher visibil
ity and recognition among important domestic and inter
national groups for the CRSP Programs. 

• 	 INTSORMIL scientists met with Dr. Lewis Mughogho, 
Acting Cereals Program Leader, ICRISAT, to discuss 
INTSORMIL and ICRISAT collaboration in Central and 
South America. It was agreed that INTSORMIL and 
ICRISAT should submit a joint proposal to the Inter-
American Development Bank to fundaCentralandSouth 
Ainerica Sorghum Network. 

The INTSORMIL External Evaluation Panel (EEP) con
ducted a review of the Kansas State University, Missis
sippi State University, University of Nebraska, Purdue 
Uni versity, and Texas A&M University INTSORMIL 
research projects from February 17-26, 1992. 

* 	 INTSORMIL, on behalf of the CRSP Council, organized 
the first inter-CRSP Workshop, "A New Agenda for 
CRSP Social Science Research". Participating CRSPs 
were INTSORMIL, Bean/Cowpea CRSP, Peanut CRSP, 
Pond Dynamics/Aquaculture CRSP, Sustainable Agri
culture aid Natural Resources Management CRSP 
(SANREM), Soil Management CRSP and the Small Ru
minant CRSP 

x 
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approach to addressing many of the natural resource con-Training 
straints that now face us. New opportunities for Inter-CRSP 

Training of host country scientists contributes to the collaboration are of concern to all CRSPs. INTSORMIL 
hosted a meeting between the Soil Management CRSP,capability of each host country research program to stay 

abreast ofenvironmental and ecological changes which alter Peanut CRSP, Bean/Cowpea CRSP and the Small Rumi
nants CRSP to discuss development of an integrated projectthe balance ofsustainable production systems. The strength-

ening of host country research institutions contributes to for West Africa. 
their capability to predict and be prepared to combat envi-

Current Country Specific Activitiesronmental and ecological changes which affect sorghum and 
millet. A well balanced institution will have to be prepared 
to prioritize and blend its operational efforts to accomplish Botswana 
the task of conserving and efficiently utilizing its natural 

The Botswana program is essentially two related comporesources. 
nents: an INTSORMIL researcher stationed in country and 
scientist to scientist collaboration in areas of agronomy,During 1991/92,95 students from over 35 different coun-
plant breeding, plant pathology and entomology.tries were enrolled in an INTSORMIL advanced degree 

program and advised by INTSORMIL principal investiga
tors. Eighty percent of these studen!s are from countries Various aspects of collaboration can be seen in other 

other than the U.S. which illustrates the emphasis placed on projects. Principal in country collaboration has been with 
the Department of Agriculture Research (DAR), however,international development. INTSORMIL also places impor-

tance on training women which is reflected in the fact that collaboration also occurs with the Palapye Development 

20% oil all INTSORMIL graduate participants are women. Trust, Arable Lands Development Program, and FAO spon
sored Soil Survey and Mapping services. Entomology, pa-

The number of students receiving 100% funding by thology, and plant breeding also collaborate with ICRISAT 

INTSORMIL in 1991/92 totaled 27. An additional 16 stu- in Bulawayo, Zimbabwe. 

dents received partial funding from INTSORMIL. The re-
Sorghum is an important crop in Botswana. The grain ismaining 52 students are funded from other sources but are 

a food source for the general population and the stalks areworking on INTSOR-MIL projects. Total student numbers 
has decreased by 4 as compared with last year. This is a used as cattle feed for livestock. Even in dry years 70% of 

the land plantea isharvested. However, overthelast 10yearsdecrease of 8 compared to 1988. The number of students 
receiving 100% funding from INTSORMIL dropped from (1980's) farmers' yields have averaged 161 kg ha- .These 

a high of 71 in 1986 down to 27 in 1992. This is, in part, due low yields somewhat reflect hectares that are planted but are 
not harvested. The low, irregular, and low-efficiency rainfallto training taking place under other funding sources, but an 
pattern, sandveld and hardveld soils with low moisture even more significant factor is that budgct flexibility for 

supporting training under INTSORMIL projects has been retention, low N and P content, broadly graded sand frac

greatly diminished because of inflationary pressures. tions, and unstable surface all contribute to the low yield of 
sorghum and mille!. In addition to yield enhancement and 

The SADCC/ICRISAT Southern African training pro,- crop protection activities, greater effort isrequired for mois-
INTSORMIL lure conservation and redistribution technologies, fertilitygram continues to hold a high profile in 

training activities. Of 49 students matriculating in the U.S., improvement, residue incorporation, and weed control in 

Canada and Brazil, 24 are studying under INTSORMIL order to improve soil structure and rainfall infiltration and 
availability for promoting crop establishment and improvedscientists while the remainder are with subject matter spe-


cialists not covered by INTSORMII scientists. There were grain and stover yields.
 

11 degree completions in 1992.
 
Research to date has demonstrated: 

Networking 
The importance of primary tillage in achieving better crop 

Established networking activities have continued with stands and yields. 

ICRISAT, SADCC/ICRISAT, SAFGRAD, ICRISAT Sa
helian Center, ICRISAT West Africa Sorghum Program, e Generally, it is better to apply fertilizer broadcast before 

East Africa ICRISAT, ICRISAT/CIMMYT and CIAT. planting rather than banding next to seed. 

There has been excellent collaboration with each of these 
programs in cosponsoring workshops and conferences, for 9 Ingeneral, lower yields were obtained with animal versus 

tractor power for tillage operations. However, comparicoordination of research and long term training, 
son of the economic benefits from using animal versus 
tractor power showed no clear trend. Benefits were com-INTSORMIL is collaborating with the Soil Management 

CRSP in Mali with extremely good results. Collaboration parable for the two systems, with lower yields under 

among CRSPs is essential for providing a broad systems animal power being offset by its lower costs. 
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" Fertilizer studies showed significant response to P when 
the initial soil P level (Bray 2) was less than 10 mg kg "1 . 
However, the response was noteconomical where the soil 
P level was greater that 5 mg kg'. A significant response 
to N was obtained only when rainfall was well established 
throughout the growing season. 

" Ms. Dollina Malepa, working on her Ph.D. dissertation 
study under the SADCC/ICRISAT/INTSORMIL train-
ing program, is continuing to establish critical baseline 
levels for soilc from 14 sites across the major grain
producing regions of Botswana. Those soils are subjected 
to adsorption isotherms and soil analysis using a variety 
of soil extractants for N, CA, Mg, K, S, P, Mn, Cu, Fe,
and Zn. Results from this research will allow more pre-
cise interpretation of soil test analyses. 

" 	Chris Msnthe, Entomologist, DAR has completed his 
Ph.D. dissertation under the guidance of INTSORMIL 
entomologist, Dr. George Tectes. Mr. Manthe's work 
was based upon research conducted in Botswana and 
Zimbabwe on sorghum iesistance to sugarcane aphid. 
Resistance to the sugarcane aphid has been identified, 
The source of resistance has been found to be simply
inherited and controlled by a single completely dominant 
gene. He is now coordinator of the cereals working group. 

" Professor David Andrews, University of Nebraska, con-
tinues to foster collaboration between INTSORMIL Pro
jects UNL-1 15 and UNL-I 18 and Dr. Louis Mazhani at 
the DAR Sebele station. This collaboration involves both 
sorghum and millet germplasm improvement. INTSOR-
MIL involvement has principally been in the supply of 
both segregating populations and advanced lines in sor-
ghum and information on and participatiov in recurrent 
selections in pearl millet. PI visits have been timed so 
material can bejointly evaluated and selected in the field. 

" Training of Botswana students through SADCC/ICRI-

SAT/INTSORMIL, INTSORMIL, USAID/Botswana, 

and ATIP educational programs is continuing. Some of 

the students that have or are obtaining advanced training 

are, Mr. Willie Emmanuel, seed technology, Mississippi 

State University (B.Sc.); Mrs. Dollina Malepa, soil fer-

tility, University of Nebraska (Ph.D.); Ms. Rosemary 

Lekalake, food science. Texas A&M University (M.Sc.), 
Mr. Etani Lele, agronomist, Kansas State University 
(M.Sc.); and Mr. Ernest Makhwaji, FSR/economics,
Kansas State University, (M.Sc.). 

Colombia 

TIhe INTSORMIL program in Colombia has effectively 
engendered the support of the National Agricultural Re-
search Institute, ICA, Colombian Universities, private com
panies, CIAT, and -xtension organizations to form a 
dynamic program on sorghum improvement. In 1988, re-
search was initiated in the acid savannas of Arauca State 

through a Memorandum of Agreement between INTSOR-
MIL and the El Alcaravan Foundation - a consortium of 
petroleum companies (Shell, Ecopetrol, and Occidental de 
Colombia). Informal agreements and very strong links have 
been established with nonprofit organizations such as 
FENALCE - a production extension-oriented organization 
and three universities in Colombia. Program focus has been 
on the adaptation of sorghum varieties to the acid and 
aluminum saturated soils of the savannah region. 

Collaborative research on germplasm enhancement was 
originally established to help solve problems related to 
sorghum and pearl millet production on acid soils. Even 
though this is the program's primary research objective,
emphasis is being placed on other activities, largely because 
of the diversity of institutions involved. For example, 
FENALCE's main interest is to develop lines for semiarid 
areas (e.g., drought tolerance - Project TAM-122) and lines 
resistant to grain mold diseases. ICA aims to develop
drought-tolerant lines, adapted to acid soils and resistant to 
grain mold diseases (Project TAM-124). The Colombian 
universities' main objective is research in agronomy and 
physiology (Project UNL-1 14), and entomology (Projects
TAM-124 and MSU-105). The El Alcaravdn Foundation 
aims to develop germplasm adapted to acid savannas and 
slightly acid soils ("vegas"). This institution is also increas
ingly interested in grain quality and utilization (Projects 
TAM-126 and PRF-103B). 

Two varipties, Sorgho Real-40 and Sorgho Real-60, were 
released in January, 1991 from the program and have been 
accepted by growers as reflected by the documented demand 
for seed. These varieties have the potential to allow over 
200,000 hectares of acid savannah soils to be utilized for 
sorghum production where other crops cannot grow. 

Significant advances have been made in the breeding 
program at ICA through collaboration with INTSORMIL 
and the El Alcaravdin Foundation. Research conducted by
INTSORMIL, in collaboration with ICA and other organi
zations in Colombia, has attracted private-sector funds, fur
thering long term research goals in Colombia. The El 
Alcaravdin Foundation has provided substantial operational 
and training funds for research conducted in the territory of 
Arauca. This research is oriented toward plant breeding for 
both acid and nonacid soils, agronomy, phytopathology, and 
sorghum utilization. 

Three new lines are being evaluated for release in Arauca 
as a result of significant advances in the ICA/EI Alcaravln 
breeding program, thanks to collaboration with INTSOR-
MIL and the El Alcaravan Foundation. Research conducted
by INTSORMIL has developed specific varieties for the 
poorly drained savannas of Arauca. 

Selections were made for different ecosystems from 500 
F4 lines sent by Project MSU-104; short lines with good 
yield capacity are being evaluated in regional trials. These 
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lines considered as second generation, are of a better agro-
nomic type than the world collection lines. 

Twenty F2 populations from Mississippi were screened 
in different environments (both vega and savanna), resulting 
in prom~sing breeding material available for future work. 
The lines selected are short, with good yield potential. These 
selections are the third generation. 

Egypt 

In July, 1991 INTSORMIL received a grant from 
USAID/Cairo to implement a three year collaborative re-
search program with the National Agricultural Research 
Project (NARP) of the Egyptian Ministry of Agriculture, 
Agricultural Research Center (ARC). Participating institu-
tions under the grant are Field Crops Research Insfitute 
(FCRI), ARC and the Plant Pathology Institute of ARC. This 
collaborative research activity is dividcd into a plant pathol-
ogy component and a physiology/production component. 

The objectives of the plant pathology component are to: 
1)Determine whether arerial irfestation with a spore/hyphal 
fragment suspension, toothpick infestation, or soil infesta-
tion is the most effective method for assaying sorghum 
resistance to Acremonium strictwn, 2) to identify sorghum 
germplasm with tolerance to pokkah boeng and fusarium 
stalk rot and 3) to characterize genetic diversity within the 
pathogen population and to identify pathogenic strains to be 
used in breeding challenges and nonpathogenic strains to be 
used in a biological control program. 

An extensive survey to the sorghum production regions 
of Egypt was conducteJ in September, 1991. The major 
disease of sorghum identified during this survey included: 
sorghum downy mildew, Acrenonium wilt, pokkah boeng, 
maize dwarf virus, long smut, and covered kernal smut. 
Vegetative Compatibility Groups (VCG) are very useful 
techniques for detecting different strains within the same 
genus and species of fungi. Of 120 Egyptian isolates col-
lected, there have been 58 different VCGs identified. 
Twenty-one of these groups have more than one strain; 13 
can be found at more than one location, and 7 of these 13 
were found on both maize and sorghum. This will likely be 
a very important parameter for breeding for resistance to 
fusarium stalk rot and root rot in maize and sorghum. 
Contamination of seed and feed grains with fumonisin my-
cotoxins is also an important aspect of the VCG strain 
variability within Fusarium moniliforme. Some VCG's 
have negligible amounts and other strains produce fumon-
isin at unacceptable levels for food products. 

The objectives of the physiology/production component 
are to: 1) Develop water control irrigation systems which 
permitcontrolandmeasurementofwaterappliedtoresearch 
plots for water and nutrient use efficiency investigations, 2) 
determine the influence of water level and nutrient level on 
water use efficiency (WUE), and nutrient use efficiency 

(NUE), and 3) evaluate short, white seeded, tan plant selec
tions at Shandoweel for general adaptability in preparation 
for later stress screening tests when sprinkler systems be
come available. 

Honduras 

INTSORMIL works in conjunction w*'.h the National 
Research Institution, Secretary of Natural Resources (SRN), 
the Pan American Agricultural School (EAP), and The Soil 
Conservation Program, LUPE. In December, 1991, an 
MOU was signed between SRN and EAP, which officially 
placed the responsibility for sorghum research with the EAP 
and established a collaborative relationship between SRN 
and the EAP in the conduct ofsorghum research throughout 
Honduras. 

The INTSORMIL collaborative program in Honduras is 
multidisciplinary, and multi-institutional in scope. The pro
gram includes all aspects of sorghum improvement with 
major emphasis on the tall, photoperiod-sensitive local lan
drace varieties called maicilos criollos, which are grown in 
association with maize by subsistence farmers on small 
hillside farms. Research is also focused on the development 
of female and male maicillo derivative parental lines to be 
used in the production of photoperiod sensitive hybrids. The 
experimental hybrid maicillos, containing varying propor
tions of maicillo criollo germplasm, show outstanding yield 
potential, demonstrating the advantage of hybrids over pure 
line varieties. The program effectively integrates the disci
plines of pathology, entomology, food quality, agronomy 
and economics into a powerful technology generating unit. 

The enhanced maicillos show advantage in yield, espe
cially when combined with improved agronomic practices, 
as well as in traits such as grain quality and disease resis
tance. Some of the improved maicillos have been saved and 
used by farmers after collaborating in on-farm testing trials. 

Several excellent hybrid parental lines and breeding 
germplasm source lines were identified in the INTSOR
MIL/Texas A&M International Sorghum Tropical Adapta
tion Trial (ISTAT), the International Food Sorghum 
Adaptation Trial (IFSAT), the International Tall Variety 
Adaptation Nursery (ITVAN), the All Disease and Insect 
Nursery (ADIN), and the Grain Weathering Test (GWT). 
These trials contain a wide array of elite Texas A&M 
developed parental lines and hybrids, elite germplasm 
sources, and elite new breeding lines form the various Texas 
A&M sorghum improvement programs.The beat male par
ents were 86EON361, 87EON366, R85 10, R8503, Dorado, 
84C7730, Tx434, R8606, SC1207-2, and some new lines 
(R8505*Tx430) der., (Tx430*Tx2816) der., and (Tx435* 
Tx430) der. The best females were ATx626, ATx631, 
ATx635 (A Var), ATxArgl(AArg34), Al, A8106, and 
A4R. 
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The sorghum-sudan hybrid, ATx623* Tx2784, was in 
plot production by EAP, and performed well in feeding 
trials. It is planned for release in early 1993. It is resistant to 
pathotype one of downy mildew. 

Evaluation of grain from improved maicillos (IM's), 
DMV-179, DMV-197, local criollo, from on-farm trials, 
compared to Sureflo :ndicated the improved maicillos to be 
equal to, or superior to, the local maicillo criollo in most 
traits. The IM's require a greater cooking time than the 
criollo, but the vastly improved color of tortillas and keeping 
quality of the harder grain of the IM's are excellent advan-
tages. Farmers ai-e planting Sureflo because of its enhanced 
tortilla quality, 

Disease ratings were made in the (ISDMN) International 
Sorghum Downy Mildew Nursery and Interational Sor-
ghum Anthracnose Virulence Nursery (ISAVN) screening 
trials, grown at several locations in Honduras in 1991/92. 
Although downy mildew is now found in most sorghum 
producing areas, the ISDMN indicates that Pathotype 1only 
is present, except for P5 found in the Comayagua Valley. 
Anthracnose is a problem primarily inthe areas of commer-
cial hybrid production, such as Olancho and Ddnli regions. 
Rust is a severe foliar disease. The more common sorghum 
diseases in Honduras are leaf blight, gray leaf spot, rust, 
grain mold, anthracnose, MDM, acremonium wilt, zonate, 
oval leaf spot and downy mildew. 

Research has continued on the langosta complex (a group 
of four lepidopterous larval insect pests) which causes ex-
tensive damage to sorghum and maize seedlings in Southern 
Honduras. Noncrop host plants in and around intercropped 
sorghum and corn fields were identified. A grass weed 
Ixophorus u'iisetuswas observed to be a good ovipositional 
host plant. The importance of noncrop vegetation around 
sorghum or maize as preferred or not preferred by young 
larvae is elucidating information about the fitness, of the 
ir.sect pest after feeding on certain host plants. This explains 
in part, the decline in numbers of this pest as the season 
progresses. Those insects feeding on corn or sorghum do not 
have a high survival rate. 

The economics program continued to publish results of 
earlier research on the introduction of new cultivars and 
associated technologies in Honduras. These results demon-
strated the high returns to research and the need for comple
mentary agricultural policy to avoid the price collapses 
resulting in good rainfall years. 

The INTSORMIL/Honduras variety, Sureflo, has found 
widespread acceptance throughout the ,orghum growing 
regions. As of 1991, Sureflo had substituted for 28% of the 
maicillo area. Much of its success is due to its improved 
cereal quality (tan plant color, and grain traits), yield poten-
tial, and dual purposes foruse as forageand grain. 

Mali 

The program in Mali is a coordinated effor' between 
INTSORMIL and the TER. In Mali, each Malian scientist 
develops research plans cooperatively with an INTSORMIL 
counterpart which provides for effective research planning, 
communication and coordination. Major INTSORMIL col
laborators travel to Mali annually during the critical period 
of the crop year to consult, review progress and plan future 
activities with their Malian counterparts. INTSORMIL co
operates with the TROPSOILS CRSP in the area ofsoils and 
plnut/soil relationships. Individual INTSORMIL investiga
tors transfer funds to Malian counterparts to provide support 
to accomplish the research. 

Yield stability in sorghum/millet production is of major 
importance where food production is marginal relative to 
population. Low soil fertility, drought, diseases, and insects 
are major factors affecting yield stability. Milling properties 
are critically important. Head bugs and molds adversely 
affect grain quality, especially of the high yielding intro
duced sorghum lines, sometimes rendering the grain unfit 
for human food. Surplus production of grains in good years 
causes reduced prices. Transformation of sorghum and mil
let into new shelf stable foods and industrial products is 
required to encourage local production of grains and to 
enhance agribusiness activities, i.e., food processing and 
poultry feeding. 

The Mali program has continued to work on millet ento
mology, breeding, quality and cropping systems. Work to 
develop Striga resistant sorghums and photosensitive late 
maturing sorghums to escape the head bugs and molds was 
expanded. InterCRSP activities (INTSORMILTropSoils 
CRSPs) were initiated for breeding and selection for nutrient 
efficiencies during the 1992 cropping season by a Malian 
sorghum breeder who returned to Mali. 

Striga resistance and bretding continue to be a major 
emphasis in the program. Segregating selections from SRN
39xMalisor 84-7 have shown promising potential for toler
ance to Striga and improved production potential. In 
addition several local Guineense cultivars collected in 
Southern Mali have a local name, Sdgudtana, which means 
Striga resistant in the local (Bamana) dialect. These have 
been sent to Purdue University for laboratory evaluation. 

The head bug/grain mold complex is a serious problem 
in development of improved cultivars. The combination of 
iead bugs, grain molds and weathering causes significant

damage to the quality of the grain that is produced in 
addition to yield reduction. Malisor 84-7 has proved to be 
an excellent source of resistance to head bugs. A larger 
number of progenies from Malisor-84-7 have been identi
fled as resistant to head bugs and have been entered into 
multilocation trials across Mali. R-6078, a grain 
mold/weathering resistant type from Texas, was identified 
as tolerant to head bugs by Dr. Y. Doumbia in Mali. It now 
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appears that the combination of head bug resistance with 
grain mold and weathering resistance is possible. 

Downy mildew resistance in pearl millet is absolutely 
required in West Africa. U.S. pearl millets do not have 
acceptable downy mildew resistance. Therefore, crosses of 
elite U.S. millet with Malian millet are made in the U.S. and 
returned to Mali as Fi, F2, or SI selections, possessing the 
desired characteristics. 

An effective level of drought tolerance is obtained by 
selecting millet lines that produce root systems that pene-
trate and extract moisture from soils with fine-textured, 
dense subsoil profiles. Crosses between elite Kansas lines 
and materials from Mali have produced material exhibiting 
good yield potential and drought tolerance. 

Drought resistance and tohrance are associated with soil 
fertility. Due to a lack of nutrients, principally N and P, 
usable water is left in the soil profile even by native range 
plants in the Malian Sahel. Thus, work continues on the 
relationship biaween soil nutrients and water use efficiency 
in sorghum and millet grown at different fertility levels. To 
make the best possible progress in grain production in Mali, 
the development of an effective knowledgeof soil properties 
is required. Hence, the strong interaction between TROP-
SOILS and INTSORMIL has been developed from the 
inception of the Maliaw program. 

Research continues in Mali, in the Food Technology 
Laboratory, to improve methods of selecting sorghums and 
millet for t6 quality. Milling and t6 properties of grain 
showed that head bugs and grain mold soften the grain and 
significantly reduce the yield of decorticated grain. A few 
cultivars have been found to have acceptable milling prop-
erties. Dorado, an introduction from the Honduras INT-
SORMIL program had acceptable milling properties with 
high grain yields. The Food Technology Laboratory contin-
ues to conduct demonstrations of various food products 
prepared from sorghum, millet, maize and various grain 
legumes to distribute information to potential users. Popped 
sorghum, sorghum, noodles, and other products were made. 

Progress has been made to determine factors affecting the 
"soils problems" in Mali through joint INTSOR-
MIL/TROPSOILS collaboration. Some "dune varieties" of 
millet originating in Niger are tolerant. A common feature 
of each experiment has been the high variability within and 
between experimental units. There has also been large dif-
ferences in genotype responses from growing season to 
growitg season. Definitive conclusions cannot be made, 
however, it is clear that Babadia Fara is the best sorghum 
variety for soils under severe nutrient stress. 

Two long term cropping system studies were established 
(1990) at Samanko (high rainfall/sorghum-peanut based 
site) and at Cinzana (lower rainfall/pearl millet-cowpea 

based site). Data being collected include grain and stover 
yields and yield components. 

The rotation of sorghum with peanut and millet with 
cowpea, increased both grain and stover yields. 

Under institution building, INTSORMIL has built and 
equipped a physiology/agronomy laboratory at the Cinzana 
Agricultural Research Station to provide support for the 
expanded activities in agronomic and drought research be
ing conducted by IER scientists. A new vehicle was pur
chased for cooperative programs in cropping systems 'xnd 
other activities conducted at Cinzana. 

Several students are training at INTSORMIL institutions. 
Scientists trained in food technology, pathology, breeding, 
physiology and agronomy have returned to Mali and col
laborate in the program. Eight graduate students are cur
rently training in INTSORMIL universities to provide 
personnel to ontinue the programs. The programs include 
agronomy, breeding, physiology, economics, utilization, 
and soils. 

Research accomplishments in Mali are immediately and 
directly transferable to most countries in West Africa. The 
work on sorghum and millet technology applies to Africa 
and many areas of the world. Head bug and drought research 
are common to West African areas. Dr. M. Traor6 and Dr. 
0. Niangado serve as Chairmen of the Steering Committee 
of the West and Central African sorghum and millet net
works, respectively. INTSORMIL has collaborated closely 
with SAFGRAD and the ICRISAT/West African Sorghum 
Improvement Program for Africa (ICRISAT/WASIP) 

Niger 

There are several interdisciplinary activities involved in 
the INTSORMIL/INRAN/Niger Collaborative Research 
Program. They include sorghum and millet breeding, agron
omy, pathology, physiology, food quality, and economics. 
U.S. INTSORMIL principal investigators develop research 
plans and budgets with INRAN collaborators on an annual 
basis. Each plan is then translated into French and submitted 
to the INRAN Director General for his approval. INRAN 
has appointed Dr. Ouendeba Botorou as host country coor
dinator for this project. Dr. Moussa Adamou has been 
nominated as Scientific Director for INRAN. The Striga 
resistant sorghum breeding program continues to be a major 
initiative of sorghum breeding research in Niger. INTSOR-
MIL scientists have developed the following method for 
identifying Siriga resistance. 

• 	 devise a way to disrupt the host-parasite interaction, 

e 	designed a new genetic screening technique that consis
tently predicts Striga resistance, 
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e developed a time-consuming field trial with a new labo- New projects were initiated in 1992 on utilization cfratory assay that allows for much wider genetic screen- mil'et and sorghum in Niger. The long range objective is toing. produce a commericalized millet or sorghum couscous 
product, that could compete with imported whea4 couScousThis method could be important to resolving the problem in urban areas. The emphasis is on small scale couscous

of the parasitic weed, Striga, in Africa and India. processing operations in semirural areas. 

Genetic studies on resistance to long smut have been Senegal

initiated. The data will be ready for analysis after the
 
1991/92 cropping year. Research on studying the relation- Pearl millet and sorghu,'i production in Senegal suffersship between date of flowering and incidence of disease is from the same general farm and market constraints as incontinuing. This was the last year results are being analyzed. other West African countries. Pearl millet and sorghum arePreliminary analysis indicates that the relationship between the countries' major dryland food cereals with pearl milletdate of flowering and incidence of disease wa', high, sug- accounting for about 70% of the total area planted to cereals
gesting that all lines flowering early are subject to escape. (0.8 to 1.1 million ha). Yields are limited primzrily by 

variable rainfall, poor cultivation practices, low soil fertilityField surveys have indicated that another sorghum dis- and no fertilizer use, diseases and pests (principally downyease, sooty stripe, is not a constraint for sorghum in Niger. mildew, smut and the pearl millet head worm - Raghuva) 
and poor markets with a narrow range of end-uses. ThePreliminary trals with Apron Phls®indicated that it will collaborative research program between ihe Institutbe important to continue the evaltution of this product, Senegalais Recherche Agronomique (ISRA) and INTSOR

where stand establishment and dowuiy mildew is a problem MIL has been supported by the Senegal Agricultural Rein pearl millet. Data from trials in Mali have shown a 20% search Project II from A.I.D./Dakar, managed by Michigan
or greater improvement in yield. State University. There are two principal ibrusts in the 

ISRA/INTSORMIL collaborative research activity; 1) toField research in farm production economics has made evaluate sorghum and pearl millet germplasm, both existing
important contributions to the INRAN economics and on- and introduced, in the Senegal River Valley under irrigated
farm testing programs. conditions in both the summer season and the dry season, 

and 2) to supplement the ongoing dryland sorghum andThe irrp.'ts of new earlycultivars of millet and cowpeas millet breeding programs at the central research station 
was evaluated. This research evaluated in which regions, (CIRA) of ISRA at Bambey.

and with which changes in policy or technical conditions,

chemical fertilizer would be utilized. Good progress has been made in introducing new paren

tal genetic diversity into the Senegal millet breeding pro-Research is now underway on biological control of the gram and selecting downy mildew resistant derivatives.
major insect pest of millet, the millet girdler. These will form the basis of new synthetic varieties. This 

collaborative project has broadened the useful genetic vari-Significant advances have been made in the breeding ability in the sorghum variety breeding programs for rainfed
 
program at INRAN, primarily on sorghum, as a result of and irrigated environmr.nts. New hybrid parents have been
coa'lboration with INTSORMIL. Jntercrossing of adapted introduced and better hybrids have been identified for both

exotic germplasm with local Nigerien varieties has yielded 
 rainfed and irrigated conditions. Through the provision ofbsefu! selections that are currently under regional evalu- parental lines, hybrid seed can now be made in Senegal.

ation.
 

Sudan 
A hybrid sorghum breeding program, initiated at IN-

RAN, in collaboration with INTSORMIL, has also made The INTSORMIL program in Sudan has worked closely
useful contributions. A new hybrid, NAD-1, is a hybrid with the Government's Agricultural Research Corporation,which is well adapted and excel!ent yielding. NAD-1 has (ARC), to build a strong national program for its most
performed well in the West African Sorghum Hybrid Adap- important staple crops, sorghum and millet. The INTSOR
tation Trial (WASHAT). NAD-I has been the farmers MIL U.S. principal investigators develop their work planschoice in all INRAN demonstration plots since 1989 and jointly with ARC Scientists. These workplans are in turnespecially hn 1992 when this activity expanded. approved by the ARC Director General, the ARC/INTSOR-

MIL Coordinator and the U.S. INTSORMIL/Sudan Coor-
Germplasm collection trips for millet germplasm have dinator. 

been conducted. The objective was to add genetic variability
to the existing collection. Trips were organized to collect The potential for expansion of sorghum in the rainfedlate maturing millet varieties. A genetic study of these late areas ofSudan is enormous; however, the major constraintsmillets will start in 1993. limiting expansion are inadequate soil moisture, inadequate 
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soil nutrients, and shortage of labor. Other factors which 
reduce sorghum yields in Sudan include insect pests, plant 
diseases, and Striga. High yielding cultiva-s with good grain 
quality suitable for mechanical harvesting are also require-
ments for future expansion ofsorghum in the rainfed central 
clay regions of Sudan. 

Breeding efforts currently under way in Sudan to incor-
porate drought tolerance with higher-than-average yield 
potential in sorghum are limited by the lack of a rapid field 
screening procedure and the lack of knc)wledge on sources 
of germplasm with useful traits. Insect pests known to attack 
sorghum, especially in the rainfed areas of Sudan, include 
stem borers, American bollworm, and central shoot fly. The 
major fungal diseases that affect sorghum production in 
Sudan include charcoal rot, anthracnose, long smut and a 
variety of grain molds. Striga, a parasitic weed of sorghum, 
constitutes a major constrint to sorghum production in 
Sudan. There is very little germplasm with resistance to 
Striga and the mechanism that renders resistance to Striga 
is only beginning to be well understood. Knowledge about 
the inheritance of this trait is also lacking. The lack of 
absolute definitions and good screening methods for food 
quality, to some extent, also limits the utilization of high 
yia.lding varieties and hybrids in Sudan. Work on all these 
aspects is needed to improve sorghum production and utili- 
zation in Sudan. 

Almost all of the pearl millet grown in Sudan is used for 
home consumption by farmers in western Sudan. In westem 
Sudan, the crop/bush fallow system of production has tradi-
tionally been used to provide enough nutrients an( possibly 
some moisture for a period of crop years (5-10 years fa-
low/2-4 years cropping). Crops are often grown in an inter-
cropping system with millet to maximize production. Over 
the last 20 years, rainfall has declined, thus reducing the soil 
recovery rate during fz2ow. Fallow periods have also de
creased due to higher human and animal pressure on plant 
cover, further aggravating the loss ofmoisture, nutrients and 
soil structure.. Accordingly, the primary constraints to millet 
production in western Sudan are lack of moisture and sc;l 
nutrients, and poor husbandry. Crop losses to insect pests 
(Raghuva), diseases and Striga are also important factors 
limiting production. 

The sorghum breeding programn has focused greatly on 
synthesis and evaluation of hybrids, primarily for the irri-
gated Gezira Scheme. A number of experimental hybrids 
have emerged as being superior in several multilocational 
test sites including the Gezira Research Station and farmers 
fields in the Gezira. Ctrrently, a large and extensive experi-
ment is underway to evaluate the performance and stability 
of many of theparental lines for those experimental hybrids. 

ARC, in collaboration with INTSORMIL food utiiza-
tion scientists, developed a composite flour using 30% 
sorghum and 70% wheat, which can reduce wheat imports, 
thus economizing precious foreign exchange. 

Collaborative studies are continuing between the Food 
Research Center (FRC) and sorghum breeders in the Central 
and Eastern Regions on investigating the physical charac
teristics of various sorghums. The performance of new 
hybrids under dehulling and milling processes has been 
determined according to AACC and ICC approved methods. 
Sorghum flours produced as whole meal and decorticated 
were evaluated for kisra preparation. Results do not show 
any pattern to indicate lirect relationship between milling 
characteristics of the grains and kisra quality. 

Striga research activities are underway at ARC, Sudan. 
Several years of testing has confirmed the superior Striga 
resistance of the SRN39 cultivar. This line also has a good 
level of drought tolerance and possesses good stand estab
lishment characteristics. The SRN39 is a tan plant with good 
grain y.ality characteristics. SRN39 has been intercrossed 
to other genotypes and proge~iies were selected for agro
nomic superiority as well as grain quality. Field tests have 
confirmed that many of the new elite progenies derived from 
crosses to SRN39 are resistant to Striga. 

The USDA National Sorghum Crop Advisory Commit
ice, in conjunction with INTSORMIL and ICRISAT, grew 
the international Sudan sorghum collection at ARC in 1991. 
The purpose of this wa- to provide proper documentation of 
this valuable germplasm for the benefit of Sudanese, U.S. 
and other international sorghum scientists. 

In the summer of 1990, Mohammed M. Ahmed and John 
H. Sanders did fieldwork in the Gezira irrigation project to 
estimate the returns to research from investment in the 
Hageen Dura 1(HD-1) hybrid. HD-1 is in the early stage of 
diffusion on 17,000 h., or 9% of the sorghum crop area. 
Even at this early stage of diffusion, there is a reasonable 
financial rate of return of 23-31%. 

United States 

INTSORMIL research is performed at all participating 
universities. INTSORMIL investigators routinely evaluate 
international material for disease and insect susceptibility 
which is beneficial to all sorghum producers, U.S. and 
>iternational. Much of the U.S. research conducted utilizes 
'upstream", hi-tech approaches to solve "downstream", 

farm level problems. Other research is being performed to 
alleviate constraints in the U.S. that are very similar to those 
in the developing world. 

Drought is a worldwide constraint to the sorghum pro
ducers. INTSORMIL workers at Texas A&M, Purdue, and 
the University of Nebraska have begun to study drought 
effects from physiological, biotechnical, and genetic per
spectives utilizing drought tolerant germplasm from Africa. 
Breakthroughs from stateside efforts willbe readily trans
ferable to other countries since germplasm sources are simi
lar. 
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Recent economic studies have revealed that funds appro
priatedfor INTSORMIL research have resulted in dividends 
that exceed initial expenditures several fold through the use 
of technologies generated by the programs utilized for U.S. 
agriculture. 

Future Directions 

Over the past 13 years the INTSORMI program has 
developed an effective research network on grain sorghum 
and pearl millet which is bringing about improved produc
tion and utilization of these crops in the developing world. 
The research in each of the collaborative countries has 
grown and the operational needs of the programs are now 
exceeding the resources of the program. It is alo recognized 
that these programs must be nurtured until they become self 
sustaining and can move into a different phase of collabora
tion. New research emphasis must be given to sustainable 
production and utilization systems which conserve natural 
resources and at the same time utilize those resources effi
ciently and effectively. In order to vd~ress these concerns, 
greater emphasis and resources are needed to address the 
following concerns: 

" Sustainable millet production and protection systems. 

" 	New sorghum/millet food product development. 

" 	Development of stable marketing systems for sor
ghum/millet. 

" Strigacontrol. 

* 	Quela bird control. 

" Biotechnology for understanding the host/pathogen gene 
relationships, disease/insect control, Striga, nutritional 
quality, and other abiotic stresses. 

" 	Adaptation of crops to stress soil environments. 

* 	Communications for developing materials for technol
ogy dissemination. This includes development of mate
rials to enhance technology dissemination between host 
country research and extension piograms. 

The new directions build upon !he necessity to approach 
constraints to production and utilization from an ecological 
setting. INTSORMIL has organized its whole program ap
proach around protection and enhancement of biological 
diversity, integrated pest management, sustainable produc
tion systems, and sustainable product utilization and mar
keting systems. The four global technical thrusts of the 
program are germplasm enhancement, 3ustainable produc
tion systems, sustainable piant protection systems, and crop 
utilization and marketing. A fifth global thrust is host coun
try program enhancement. 
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Summ'ry 

Stalk rots of sorghum and millet are a continuous prob-
lem wherever these crops are grown and yield losses usually 
range from 5-10% annually. Fusariummoniliforme i- one 
of the causal incitants of stalk and root rots and cause other 
diseases such as grain mold. The genus Fusariwn is diverse 
and identity of these fungal strains associated with sorghum 
and millet is unclear. The strains attacking sorghum and
millet in Africa appear to be even more diverse. 

Fusarium monilif/orme can be broken down into a series 
of mating popul.Iio.s (biological species) on the basis of 
sexual mating behavior. Within each population, isolates 
can be further classified into vegetative compatibility 
groups (VCG) based on the ability to form a stable het-
erokaryon with c'the. strains. Some strains within the F. 
moniliforme group produce a number of secondary metabo-
lites including fuuionisins. These compounds are known to 
be toxic to horses and swine, and are correlated with serious 
diseases in humans and other nonhuman primates. 

The "F mating population ofF. moniliforme is primarily 
limited to sorghum. Strains belonging to the mating popu
lations common on maize ("A" &"D") usually produce high 

levels of fumonisin. The "F" mating populatioi, produces
little, if any, of this toxin. 

Objectives, Production and Utilization Constraints 

Objectives 

Identify and characterize Fitsarium moniliforme isolates 
to determine mating type and vegetative compatibility 
group. 

To provide an antisera bank that will enable LDC scien
tists to diagnose bacterial diseases of pearl millet and sor
ghum. 

Continue to develop monoclornal antibodies agzinst vari
ous bacterial pathogens of sorghum and pearl millet. 

Finalize research for development of a semi-selective 
medium and a cDNA probe for Pseudomonas andropogo
nis. 
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Characterize various strains ofFusarium moniliforme for 
fumonisin Bl production and to refine the RAPD technique 
for use in identification of mating types. 

Continue to screen sorghum accessions from the Texas 
A & M University All Disease and Insect Nursery (ADIN) 
for genetic variability to covered ke-nel smut of sorghum. 

To identify antifungal proteins in sorghum grain, 

Constraints 

It is imperative that causal agents of plant diseases be 
correctly identified. However, most laboratory facilities in 
LDCs lack equipment and/or chemical supplies for diagnos-
ing plant diseases. In this context, researchers may evaluate 
germplasm in ascreening program based solely on disease 
symptoms without any attempt to ascertain the causal agent. 
A definitive diagnosis ismandatory when the causal agent 
isseedhorne, such as bacterial leaf stripe and bacterial leaf 
streak in sorghum. More importantly, many countries re-
quire aphytosanitary certificate that states that the seed or 
feed grain is free of specified bacteria. 

Diagnostic kits that utilize immunological procedures 
developed from biotechnological research such as the dot-
immunobinding assay orWestern blots are ideal alternatives 
to equipping extensive laboratory facilities in developing 
countries. The procedure issimple, inexpensive and requires 
only limited equipment such as arefrigerator. Availability 
of antisera of high quality and sufficient quantity to re
searchers in LDCs would alleviate some problems such as 
limited equipment and/or personnel with limited or no train-
ing in bacteriology, 

Stalk rots of sorghum and millet are a continuous prob-
lem wherever these crops are grown, and average losses 
usually range from 5-10% annually. Some of the fungi that 
can incite these diseases also cause other problems such as 
grain mold. These fungi are essentially endophytes that 
coexist with the plant from seed to harvest, and may be 
seedborne and einfest the next crop the following year. The 
identity of many of the fungal strains within the genus 
Fusariumassociated with sorghum and millet is unclear. 
One of the most ferdle areas of research for Fusarium 
taxonomists has been ihe strains associated with sorghum 
and millet from Africa. We have been developing tech-
niques based on sexual and vegetative compatibility that 
provide accurate identification of species and fine levels of 
genetic discrimination that require little more than petri 
dishes, microbiological media and incubator space. The 
vegetative compatibility traits that we have pioneered may 
be applicable to other fungi and should be useful in identi-
fying particular races and/or strain types for use in resistance 
breeding programs. Many of the fungi from this group that 
are common on maize are known to produce mycotoxins 
that adversely affect humans and lomestic animals, and 
analysis of populations from sorghum and millet will be 

needed to determine the relative risks to consumers of these 
grains. 

Kernels of sorghum are resistant to many fungi. Antifun
gal proteins are important constituents of the grain and have 
two potential uses: 1) in breeding programs to reduce the 
incidence of seed-associated diseases such as grain mold, 
and 2)as antifungal agents in medical and veterinary con
texts. Medical and veterinary uses of these proteins could 
lead to new uses for sorghum in both the United States and 
in LDCs. 

Research Approach and Project Output 

ResearchMethods 

Development of monoclonal antisera involves a hybri
doma technology in which mice are injected with apurified 
antigen from the bacterium. We utilized a 32 kilodalton 
protein from the bacterial cell wall that was determined by 
sodium dodecyl sulfate -polyacrylamide gel electrophoresis 
(SDS-PAGE) to be unique to Xanthononas campestris pv. 
holcicola (causal agent of bacterial leaf streak of sorghum). 
The bacterial cells were grown to log phase in nutrient broth 
then washed in protein isolation buffer and sonicated for 
removal of the cell wall. The cell wall components were 
dialyzed in 1 1A PBS overnight and then centrifuged at 
15,000 x g. Twenty to 40 pl of total protein were loaded into 
12.5% agarose geis and run at aconstant current of 30 mA 
for 6 hours and then stained overnight with Coomassie blue. 

The target proteins were transferred from the acrylamide 
gel to a nitrocellulose membrane in an electric field at a 
constant current of 30 V for 16 hours at 4 C. This transfer 
process was repeated until approximately 50 W.1was ob
tained for immunization. BALB/c mice were immunized 
intraperitoneally with the protein fraction for 10 weeks. The 
mice were then sacrificed and the spleen removed. Spleen 
cells were fused with mycloma cells (cell line P3X63Ag8) 
to produce the hybridomas. Myelomas are essentially ma
lignant cells that secrete antibodies and provide the immor
tality factor needed for continuous antibody formation. 
Spleen cells impart the specificity of the serum. 

The dot-immunobinding assay will be used to detect the 
causal agents of bacterial diseases and to evaluate the effi
cacy of the mor,,lonals being developed. In brief, the 
procedure is as follows: Plant tissue is macerated in water 
for several hours and the leachate (4 .l) is applied to the 
nitroceliulose membrane. The nitrocellulose paper issoaked 
in ethyl alcohol and aetic acid (15 min) to fix the bacteria 
and then rinsed in b. ffer (Tris-HCI). The membrane is 
incubated overnight at 4 C in antiserum diluted !:2000, 
rinsed several times in buffer, then incubated in Protein 
A-Alkaline phosphatase for two hours. A substrate consist
ing of Fast Violet B salt and Napthol AS-M phosphate 
alkaline solution is added and the membrane is incubated in 
the dark for 30 minutes. The nitrocellulose is rinsed with tap 
water. A red color on the spot where the leachate was applied 
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indicates a positive reaction to bacteria; a negative reaction 
of no color indicated the target bacteria were not present. 

The dot-immunobinding assay described above is easy
for scientists in LDCs to use since it requires minimal 
equipment and is rapid and easy to perform. If even this 
minimal level ofequipment is lacking or nonfunctional, then 
cooperators could apply the leachate from the diseased 
tissue to the nitrocellulose and mail the impregnated mem
brane to us. We have shown that the test can be completed 
up to three months after the bacteAia have been placed on the 
nitrocellulose. USDA permits for importing plant materials 
or cultures are not required because the process requires that 
the nitrocellulose strips be soaked in ethyl alcohol and acetic 
acid prior to shipment (APHIS, Personal Communication). 

To determine if the bacterial streak pathogen is systemic
within the sorghum plant, wild-type and streptomycin (100 
gl/rml) resistant strains of Xanthononas camrestris pv. hol-
cicola were utilized. Seventy grain sorghum accessions 
from the Texas A & M University All Disease and Insect 
Nursery (ADIN) were planted at KS U's Rocky Ford experi
mental farm near Manhattan, KS. Each accession was 
planted in 4.6 m rows with three replications. Plants were 
inoculated at the 12-leaf stage with a Cornwall repeating 
syringe equipped with a 20-gauge needle. The first five 
plants in a roiv were inoculated with the wild-type strain and 
the last five plants with the streptomycin mutant. One month 
after inoculation, one gram of tissue was collected from 
roots, lower, middle and upper internodes (including pedun-
cle), leaves and seed. The tissues were pulverized with a 
mortar and pestle. One ml of the extract was serially dil-ted 
and plated on YDCA and MXP nedia. The plates were 
incubated at 28 C for 7-15 days. Plants were assayed at 
monthly intervals from June through October. The experi-
ment was repeated under greenhouse conditions, except that 
only one cultivar (80B3039) was tested and the,plants were 
inoculated by wounding the roots. Inoculum was then 
placed in the soil. One gram of plant tissue was tested at 
monthly intervals until physiological maturity. 

Survival of X. c.pv. holcicola over winter was tested by

collecting leaves, stalk and seeds at monthly intervals from 

October through May in 1991 and 1992. The tissue was cut 

into small sections, surface disinfected with ethyl alcohol 

and serially diluted on the semi-selective medium, MXP, 

and the complete medium, YDCA. Plates were incubated at 

28 C for 7-15 days. 


Antifungal proteins from sorghum grain were assayed by
Western blots using antibodies raised against some sorghum 
proteins and against similar proteins in barley and maize, 
Activity gels were run with the chitinases and the 0-gluca-
nases to determine if any isozymes were present that were 
not being detected in the Western blot procedure. 

Fusarium moniliforme is the name applied to a group of 
related fungi that can be broken down into a series of mating 
populations (=biological species) on the basis of sexual 

mating behavior. Within each mating population, isolates 
can be further classified into a VCG (vegetative compatibil
ity group) based on the ability to form a stable hcterokaryon 
with other strains. The diversity within the population, as 
measured by the number and distribution of VCGs, can 
indicate the amount of genetic recombination that is occur
ring within the pathogen population and the ease with which 
new pathogenic combinations may arise. 

VCG testing usually involves the generation of nitrate 
non-utilizing (nit) mutants to be used in forcing het
erokaryons. These mutants can be generated spontaneously 
at high frequency in a number of fungal species, including 
F.moniliforme, by culturing the target strain on a medium 
containing potassium chlorate, an analog of nitrate. We have 
continued to refine this process to reduce the amount of 
labor involved in its implementation and to increase its ease 
of application in poorly equipped laboratories. Indeed the 
biggest problem in some cotmtries has been to obtain two 
of the reagents - potassium nitrate and potassium chlorate 
that have alternative uses. 

Some fungi within the F. nonili.brme group are known 
to produce a number of secondary metabolites. One of the 
most prominent classes of these compounds is the fumonis
ins. These compounds are known to be toxic to laboratory
animals, horses and swine, and to be correlated with serious 
diseases in humans and other nonhuman primates. Reliable 
tests for furnonisin production require either HPLC or 
GC/mass spectrometry and were conducted by our colabo
rators at USDA in Peoria. 

Research Findings 

The second year of an experiment to determine the over
wintering of cells of X. c. pv. holci.ola in infested grain 
sorghum debris has been completed. Bacteria were in all 
sorghum plant tissues from July through September. From 
October to February, X. c.pv. holcicola cells werc recovered 
from the peduncle, leaf tissue and seeds. Bacteria were 
recovered only from seeds in March, April, and May. 

A search for a complementary DNA (cDNA) specific 
probe for detection of Pseudornonas andropogonis (causal 
agent of bac!crial leaf stripe) continues. The vector, 
pBih,:script, and genomic DNA from P.andropogonis have 
been isolated. Ligation of the DNA insert into the vector 
remains a problem. Development of a more efficient trans
formation system is in progress. 

Development of a selective or semi-,..lective medium for 
isolating P. andropogonis from plant tissue is continuing. 
Incorporation of sodium acetate and adonitol into the me
dium has restricted or eliminated growth of numerous non
targ-,t organisms. We are testing this medium's efficacy in 
the iecovery of various strains of P. andropogonis from 
sorghum tissue. 
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Approximately 1200 hybridomas were screened for 
specificity and cross-reactivity against 30 strains of X. c. 
pv. holcicola, 18 other pathovars of X. campestris, and 
several representatives of Pseudomonas spp. that incite 
bacterial diseases in sorghum. Six hybridoma clones were 
selected and the antisera is being evaluated in the dot-im
munobinding assay. Background problems have developed 
and the cause was identified as an improper dilution with 
the rabbit anti-mouse serum. When this problem isresolved, 
ascites fluid will be produced and the antisera will be made 
available to cooperators. 

We examined crude protein extracts ofgrain from twelve 
different sorghum cultivars for the presence of four antifun-
gal protein classes: chitinases, fi-glucanases, ribosome-in-
hibiting proteins (RIPs), and permatins. Chitinases were 
detected using both Western blots (antisera was raised to a 
sorghum chitinase) and activity gels. The same bands were 
identified using both techniques. One major chitinase band 
was identified in all of the cultivars along with two or three 
minor chitinase bands in each cultivar. Some differences in 
the intensity of the major band were detected, and a great 
deal of variability, with respect to both isozyme and inten-

sity, was detected among the minor chitinase bands. f-glu
canases were also visualized on both Western blots (antiscra 

was raised to a barley 0-glucanase) and activity gels, and 
again the same bands were identified using both techniques. 
A single P-glucanase band was identified in all of the 

cultivars and modest variations in intensity were observed. 

RIPs were assayed using Western blots (antisera were raised 
against a barley RIP), but none were detected. The sorghum 
permatins, termed sormatins, were assayed using Western 
blots (antisera was raised to zeamatin, the maize permatin),One sornnatin band was found in all of the cultivars exam-
Ond, and a second isozymic band was found in one of the 
cultivars. Sormatins are known to have activity against 
strains of Candidaalbicans of significance in human and 
vtrinarymedicalttns ofsigfocusing 
veterinary medical settings. 


We continue to characterize F. moniliforme populations 
and to develop better tester strains for identifying the con-
stituformal
description of the "F" mating population, which is 

limited primarily to sorghum. We have provided over 600 
strains from our collection to other investigators during the 
past year. Although we have usable testers for all of the 
mating populations at this time, additional work is neededon the testers in the "C" and "E" mating populations to 
improve their reliability. Based on the number and distribi-
tion of strainstha welavethat do not cross with testers from

tiowofstrinsthahae tat o nt cos wih tstes fom 
any of the known mating populations, we think it likely that
several new mating populationc remain to be identified, and 
that at least one of these mating populations appears to be 
relatively common on sorghum. 

VCG characterizations of the "F"population within Kan-
sas have been a primary focus. It appears that one VCG, 
perhaps a single race or clone, accounts for as many as 30% 

of the isolates we have recovered from the state. This VCG 
has been recovered over several years and in widely sepa
rated parts of the state. We are planning further studies to 
determine the amount of genetic variability within this VCG 
and to determine if this VCG is common outside of Kansas. 

Studies of the ability of F. moniliforme to produce the 
fumonisin toxins have also been a major focus. We have 
shown that strains belonging to the mating populations 
common on maize ("A" and "D") generally produce high 
levels of this toxin. Strains in the "F'mating population, 
which are common on sorghum, produce little, if any, of this 
toxin, but concern for toxin levels on sorghum remains 1) 
because members of the "D" mating population can also be 
recovered from sorghum at a significant frequency, and 2) 
because in laboratory tests maize on which strains belonging 
to the "F' mating population, which do not produce any 
dctectable fumonisins, is as toxic to duck!ings as is maize 
on which strains belonging to the "A" mating population, 
which are known to produce in excess of 1000 ppm of 
fumonisins. 

Networking Activities 

Workshops 

Dr. Leslie participated in a USDA Workshop on Fumon
isins in Raleigh, North Carolina in April 1991. He presented 

work on the population structure ofF.moniliforme and the 

tin et en potinst
e 

tion of the fumonisin mycotoxins. 

At the 1991 American Phytopathological Sciety meet
ing, Dr.Leslie presented his research inal invited paper
ig r elepeetdhsrsac na nie ae 
session that he organized that focused on vegetative com
patibility in fungi; attendance was in excess of 150. Dr. 
Leslie also presented a second invited paper in a session 

on issues related to the release of genetically-engi
neered microbes into the environment. 

Dr.Claflin assisted Dr.Guillermo Munoz inplanning a
 
crop protection workshop for Central and South American
 

scientists in Colombia. The conference was subsequently 

canceled for security reasons. 

Research InvestigatorExchanges 

Drs. Claflin, Frederiksen and Leslie spent four weeks in 
Egypt in September 1991 surveying for sorghum and millet 
diseases. Dr. Leslie returned for an additional two weeks inGiza in December 1991 to further the planning process and
GianDembr19tofthrhepnigpocsad
to identify participants for the collaborative research ex
changes. Several long-term and short-term visitors from 
Egypt are expected during the next two years under the 
auspices of USAID/NARP. 

Dr. Demba Mbaye, ISRA/CNRA, Bambey, Senegal 
worked in the laboratory of L. E. Claflin from July 12-20, 
1991. Dr. Mbaye conducted experiments to identify bacte
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rial diseases of sorghum and pearl millet. He also utilized 
our scientific journal reprint file on diseases of millet and 
sorghum. 

A consulting trip to Senegal was made by Dr. Claflin todetermine the incidence of plant diseases on sorghum and 

pearl millet. Activities also included training in-country
plant pathologists and breeders, and recommending proto-
cols for screening germplasm for resistance to long smut, 
covered kernel smut, downy mildew of sorghum, and smut 
ofpearl millet. This visit was sponsored by Michigan StateUniversity/ISRA/US AID. 

Dr. J. R.Reddy took an additional year of leave from the 
Platt Quarantine Unit, ICRISAT to continue working on 
dev -.1opment of monoclonal antibodies. He is also re-
seat thing the overwintering effect of bacterial pathogens of 
sorghum, 

Dr. Leslie is serving on the supervisory committee of Mr. 
Anaclet Mansuetus, a Ph.D. student from Tanzania who is 
presently studying at Texas A & M. Mr. Mansuetus spent 
two months in Dr. Leslie's laboratory learning techniques
in use there. He is now applying these techniques to studies 
of grain mold in Tanzania under the supervision of Drs. 
Odvody and Frederiksen. 

Dr. Walter F. 0. Marasas of PROMEC, Medical Re-
search Council, Capetown, South Africa, spent three months 
on sabbatical with Dr. Leslie. He taught a mycotoxicology corn seed. (Abstract) Phytopathology 80:1043.
Sletrick,B. A. D., G. W. T. Wilson, and J. F. Leslie. 1991. Root architecture
class (attended by several SADCC students), provided ad-
ditional expertise on fumonisins, and learned genetic proce-
dures used in Dr. Leslie's laboratory for identifying 
Fusariwn species and in studying Fusarium populations.
Dr. Marasas's research group was the first to identify and 
characterize the fumonisin mycotoxins. 

Assistance Given 

Chemicals, antibiotics, and stains were given to Dr.EI 
Hilu Omer, ARC, Wad Medani, Sudan for preparing selec-
tive media. 

Scientific reprints and chemicals for preparing media 
to Dr. Demba Mbaye, ISRA, Bambey, Senegal.

ere given oD.. 

Scientific reprints were sent to Mr. Petros Zvoutete, 
Ministry of Agriculture, Hamr, Zimbabwe. 

Bacterial cultures, antisera, antibiotics and back issues of 
scientific journals were given to Dr. Molapo Qhobela, Min-
istry of Agriculture, Maseru, Lesotho. 

Chemicals, bacterial and fungal strains, and materials 
were given to Drs. Elhamy EI-Assiuty and Ibrahim Man-
sour, Plant Pathology Research Institute, ARC, Ministry of 
Agriculture, Giza, Egypt. 
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Kedera, C. J., J. F. Leslie, and L. E. Claflin. 1992 Systemic infection of 
corn by Fusarium monliforme. (Abstract) Phytopathology 82:1138.

Kliuich, C. J. R., and J. F. Leslie. 1992. Identification of a second mating 
population within the Fusarium moniliforme anamorph of Gibberella 
fujikuroi.Mycologia 84: 541-547. 

Leslie, J. F. 1990. Genetic exchange within sexual and asexual populations
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by strains of Fusariummoniliforme (Gibberellafvjikuroi). Proceedings 
of the Sorghum Improvement Conference ofNorth America 17:80-84.Leslie, .I.F., R. D. Plattner, A. E. Desjardins. and C. J. R. Kliuich. 1992. 
Fumonisin Bi production by strains from different mating populations 
of Gibberella fujikuroi (Fusarium)Section Liseola). Phytopathology 
82: 341-345. 

Qhobela, M., and L. E. Claflin. 1992. Eastern and southern African strains 
of Xanthomonas campestris pv. vasculorum are distinguishable by 
restriction fragment length polymorphism of DNA and polyacrylamide
gel electrophoresis of membrane proteins. Plant Pathology (U.K.) 
41:113-121.

Qhobcla, M., L. E. Claflin, and D. C. Nowell. 1992. Comparison of 
techniques useful in the characterization of Xanthomonas cempestris 
pv. zeae, the causal agent of bacterial leaf streak of maize. In: Proceed.ings, 9th South African MaizeBreeding Symposium (11.0. Gevers, ed.), 

pp. 136-139. Technical Communication No. 232, Department of Agri
cuituii Development, Republic of South Africa. 
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Raju, N. B., and J. F. Leslie. 1992. Cytology of recessive sexua!-phase 
mutants from wild strains of Neurosporacra.sa.Genome35: 815-826. 

Xu, J.-R., N. M. DuTeau, and J. F. Leslie. 1991. Identification of the ni-6 
gene from Neurosporacrassa. (Abstract) FungalGenetics Newsleler 
38:48. 

Xu, J.-R., and J. F. Leslie. 1992. Electruphorelic karyotypcs of Gibberella 
fujikuroi mating populations A-F. (Abstract) Phytopathology 82: 1150. 

Yan, K., M. B. Dickman, J.-R. Xu, and J. F. Leslie. 1992. Sensitivity of 
field strains of Gibberellafujikuroi (Fusarium section Liseota) to 
benomyl and hygromycin Bi. Mycologia 85: in press. 
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Presentations 
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Low Input Ecologically Defined Management Strategies 
for Insect Pests on Sorghum 

Project MSU-105 
Henry N. Pitre 

Mississippi State University 

Principal Investigator 

Dr. Henry N. Pitre, Entomologist/Professor, Mississippi Agricultural & Forestry Experiment Station, 
Mississippi State University, Mississippi State, MS 39762 

Collaborating Scientists 

Dr. Dan Meckenstock, Agronomist, Plant Breeder (iAM-131), Apartado Postal 93, Tegucigalpa, Honduras 
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Apartado Postal 93, Tegucigalpa, Honduras 
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Summary 

Non-crop host plants in and around intereropped sor-
ghum and maize fields in southem Honduras were identi-
fled. A grass weed, Ixophorus unisetus, was observed to be 
a good ovipositional host plant. This information will be 
used in developing sampling procedures for fall armyworm 
eggs and/or young larvae in early season. 

Three armyworm species, Spodopterafrugiperda, S.la-
tifascia,andMetaponpneunata rogenhoferi, in the langosta 
complex were observed in larval host preference and host 
feeding performance studies. Results have elucidated the 
importance of non-crop vegetation around the crops as 
preferred or not by young larvae. Larval and adult develop
mental studies w'th S.latifascia included observations on 
mortality, weight gain, developmental time, sex ratio, fecun-
dity and adult mortality. The influence on fitness of the 
insect pest fed certain host plants explains, in part, the 
decline in numbers of this pest as the season progresses. The 
insects feeding on sorghum or maize do not have a high 
survival rate. 

Larval feeding induction studies were conducted to de-
termine if larvae that initiate feeding on a weed plant get 
induced to it and are less likely to move in search of another 
host than those that do not get induced. Information obtained 
included sequence of hosts visited, time spent on host, 
weight of food consumed and weights of the insects. This 
information will assist in determining the extent of weed 
management necessary for specific production areas having 
different plant communities. 

Several Honduran landrace sorghums were identified 
with antibiosis resistance to fall armyworm, S.frugiperda. 
Insects responded to feeding on resistant plants by having 
low net reproductive rate and/or low intrinsic rate of natural 
increase of the population. Antixenosis (non-preference) 
and/or antibiosis resistance mechanisms were identified. 
Levels of resistance in some sorghum lines were maintained 
over five generations. 

Objectives, Production and Utilization Constraints 

Objectives 

1. Determine host plant ovipositional preferences of S. 
latifascia and S.frugiperda, two armyworm species in the 
langosta complex. 

2. Determine host piant feeding preference of S. latifascia 
and S.frugiperda. 

3. Determine feeding performance of Metaponpneumata 
rogenhoferi, a third species in the langosta complex, and S. 
frugiperda. 

4. Determine larval feeding induction (induced feeding 
on host plants) with S.frugiperda, S. latifascia and M. 
rogenhoferi. 

5.Identify sorghum with resistance to fall armyworm and 
determine mechanism of resistance. 
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6. Observe flight and oviposition behavior of S. on sorghum in the southeastern United States are consider
frugiperda: Development of pest management tactics. able. Crop and insect pest management systems have been 

developed, but must be improved to provide the sorghum 
producer with a reliable scheme for management of pestsConstraints 
with minimum use of toxic chemicals to achieve an environ-

Insects have been identified as a principal constraint to mentally acceptable and sustainable sorghum production 
sorghum and maize production in Honduras and other areas system in the United States. This must be achieved in 

sorghum have historicallyin Central America. Some of the insect pests on these crops regions where insect pests on 
are important internationally. Some species that occur in been controlled with insecticides. 
Central America also occur in the United States. Many 
species survive from one year to the next in both areas, or Research Approach and Project Output 
they may migrate from south to north, arriving in the United 
States during the crop growing season. The economic sig- Oviposition Preference by Armyworms in the Langosta 
nificance of the different insect pests that move long dis- Complex 
tances is influenced by a number of factors, including, time 
of arrival of immigrant populations, stage of crops in the Additional studies on oviposition pref--rences with S. 
affected area, fitness of the migrant insects, level of insecti- latifascia and S.frugiperda were conducted in field cages 

cide resistance, if any, in the migrant population, and other in 1992. Moths reared in the laboratory on a meridic diet 

factors influencing the population dynamics of the immi- were used. For each insect species, 25-50 mated, five day

grant population. old females were released inside a cage (1.8 x 1.8 x 1.8 in). 
Weed plants were transplanted from the field hito pots; 

MSU-105 has worked closely with TAM-131 and the sorghum and maize plants were obtained from seeds planted 
Department of Research, Hoiduras Ministry of Natural in pots. Five seedling plants of each species were used per 
Resources in defining the most critical insect problems on replication. One ounce plastic cups containing cotton balls 
sorghum and maize in Honduras. The INTSORMIL re- soaked in honey water were hung inside the cage screen to 

search during the early stages of MSU-105 in Honduras provide food for the moths. After three nights of exposure 
emphasized identification and control of soil inhabiting seed all plants were searched for eggs. 
and seedling pests of interplanted sorghum and maize. Stud
ies also emphasized the identification of insect pests in the Data have not been analyzed, but preliminary observa
langosta complex and aspects of their biology, ecology, tions indicate that there may be some ovipositional prefer
behavior, and population dynamics in relation to develop- ence for sorghum, maize, and grass weeds over broadleaf 
ment of effective and practical insect pest management weeds. However, replications resulted ineggs laid on almost 
strategies for pests in subsistence farming systems. all of the hosts offered. Further analyses are necessary and 

will be performed to better understand the ovipositional 
MSU-105 research in Honduras and the United States preference of these two insect species. Knowledge of pre

emphasizes biological investigations involving relation- ferred hosts for oviposition can be used for management of 
ships between insects and plants to develop an ecological insect populations in different ways, including mowing to 

framework for understanding the structure of organisms in eliminate the host plants, applying insecticide when the host 

different sorghum cropping agroecosystems. This informa- is utilized as a trap crop, and creating better sampling 

tion will allow for integration of cultural, biological and techniques to estimate future populations. 
chemical control tactics inthe implementation of insect pest 
control programs. The MSU-105 project is designed to Host Plant Feeding Preference ofS.latifascia 
provide entimological assistance to low income subsistence and S.frugiperda 
farmers in developing countries, and also is designed to 
facilitate the development of strategies for managing insect These studies were coinducted to complement similar 

pects of international importance, especially those entering studies conducted in 1991. Neonates of S. latifascia and S. 
frugiperda from laboratory colonies were randomly sethe continental United States. Methods of insect pest control 

that have been investigated emphasized host plant resis- lected from an egg mass and placed individually in a 9 cm 

tance, cultural control, biological control and selective use diameter petri dish with a thin layer of agar (to maintain lef 

of insecticides. turgor) containing pairs of foliage disks of two hosts ar
ranged alternately in a circle. Comparisons of hosts were: 

Insect pests common to the Americas, have been inves- sorghum and Ixophorus unisetus, sorghum and Amaranthus 
tigated in the United States to elucidate the biological and hibridus, sorghum and Porti.laca oleracea, sorghum and 
ecological relationships of populations and influence of Ipomoea sp., and sorghum and Melampodium divaricaturn. 
these populations from specific geographical areas upon the Maize was also paired with all of the above plus sorghum. 
population densities and crop damage by the pests in other 
geographical areas. Yield losses and costs of control attrib- Larval choice was recorded for a period of six hours -nd 

uted to the complex of insect pests (e.g., fall armyworm, will be assessed statistically using a test for goodness of fit 

stalk borers, sorghum midge, webworm, and corn earworm) to a binomial distribution. Although the data have not been 
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analyzed, preliminary observations indicate that broadleaf 
weeds are preferred over sorghum, maize, and the grass
weed, Ixophorus unisetus, by S.latifascia neonates. In the 
case ofS.frugiperda there was no apparent trend in neonate 
preference. Results from this study will elucidate the impor-
tance of vegetation around the crops as they are preferred or 
not by neonate larvae. This information will be used in pest 
managememt programs with recommended weed manage-
ment tactics as this relates to the insect's behavior, 

Feeding Performance by M. rogenhoferi and S.frugiperda 

Metaponpneumata rogenhoferi 

Because this insect species is difficult to culture in the 
laboratory, early instar larvae collected from maize fields 
early in the season were used to conduct the study. Treat-
ments (diets) included: four broadleaf weeds, sorghum, 
maize, and one grass weed. Initial larval weights were. taken 
and then larvae were placed individually in 29.6 cc plastic 
cups with agar (2 mam) in the bottom and the plant material 
(leaves from top one-third of the plants). The agar was 
changed weekly, and new plant material was offered every 
two days or as needed. The plant material was rinsed with a 
0.0525% sodium hypochlorite solution to kill any bacterial 
or fungal organisms prior to insect feeding. Mortality 
throughout larval develcoment was recorded and pupae 
were weighed on day two. Sex ratio and pupal mortality 
were also determined. Preliminary results have shown a 
lower larva; and pupal mortality and higher pupal weights 
when this insect species was fed the non-crop vegetation 
than when fed sorghum, maize or the grass weed. Similar 
results were obtained in a previous study. Similar feeding 
performance studies were conducted in 1990 and 1991 with 
S. latifascia. Results obtained with other species in the 
langosta complex agree with those observed in this study
with M. rogenhoferi. 

These results indicate that broadleaf weeds are suitable 
hosts forM. rogenhoferiand S.latifascia population buildup 
early in the season or can serve as an alternate host before 
they move to sorghum and maize plants. 

Area wide management of these pests on the more suit-
able host plants can be implemented in a such way that 
population buildup (assuming they can go through one 
generation on these weed hosts) can be reduced, or move
ment from these weeds to the crops can be prevented, so that 
they do not cause economic damage on the crops. The 
importance of early non-crop vegetation in population 
buildup of Ilelicoverpa zea and lfeliothis virescens and the 
practice of mowing and/or the use of herbicide on non-crop 
hostsforthecontroloftheseinsectspecieshavebeenshown. 
Spraying biological insecticides, such as the bacteria Bacil-
lus thuringiensis or nuclear polyhedrosis virus, on these 
early season hosts may also be feasible. 

Spodoptera frugiperda 

Neonates were placed individually in 29.6 cc plastic cups
with agar (2 mm) in the bottom and plant material (leaves 
from top one-third of the matured plants) from each of the 
same diets forM. rogenhoferi. The cups and treatments were 
arranged in a completely randomized design. Larvae were 
handled as with M. rogenhoferi and larval weight was taken 
at day 15. Preliminary results indicate that unlike S.latifas
cia and M. rogenhoferi, S.frugiperda larvae fed sorghum, 
corn, and the grass weed were heavier than those fed broad
leaf weeds. 

Feeding Induction with S.frugiperda. S.latfascia and M. 
rogenhoferi 

Earlier MSU-105 investigations revealed the importance 
of non-crop weed and grass host plants in the establishment 
and buildup of economically damaging lepidopterous larval 
populations (Langosta complex) on intercroppcd sorghum 
and maize in Honduras Armyworm feeding and behavioral 
studies indicated preferences by species for specific host 
plants. The close proximity of the crop and non-crop plants
in the agricultural sys!em presents interesting views of the 
role of the different types of host plants of these larvae in 
relation to the damage they may cause to sorghum and 
maize. 

The ability of insects to discriminate among host plants
based on host quality can be important in considering the 
degree of damage caused to the host. This relationship is 
important for insects in the langosta complex because the 
non-crop host plants appear to be more suitable hosts than 
either sorghum or maize. If an insect is induced to feed on 
a particular host plant (e.g., non-crop weed or grass host), 
they will most likely'continue to feed on this host than move 
to search for another more suitable host.Thus, crop damage 
would be expected to be lower in areas where insect pests 
are induced to feed on non-crop vegetation. If the preferred 
host plants are absent or destroyed, the pest insect will 
become established on the crop plants and cause economic 
injury. This information, along with information on ovipo
sition and feeding preferences, can be used indefining weed 
and insect management strategies for implementation in 
different geographical areas having different types of vege
tation. 

Induction studies were conducted with S.frugiperda,S. 
latifascia and M. rogenhoferi in both 1991 and 1992. First 
intar larvae werereared on broad leaf weeds (seven species) 
a grass host, sorghum or maize in the laboratory. Plant 
material was offered to the larvae in confinement containers. 
Sorghum or maize was arranged alternately around the 
perimeter of the container which was lined with a thin layer 
of agar to maintain leaf tissue turgor. Larvae (starved 24 h) 
were placed in (ie container for 3h. Sequence of hosts 
visited, time spent with the host, and leaf material consumed 
was recorded. Weights of larvae were calculated. A mean 
consumption index will be calculated. 
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Preliminary observations indicated that all three species 
were able to be induced to feed on the same host plant on 
which they were reared when given a choice of host plant 
materials for feeding. Further studies indicated that S.lad-
fascia and M. rogenhoferi reared on sorghum or maize 
appeared to randomly choose host plant material for feeding 
in the laboratory tests. Additional studies are needed to 
elucidate this insect-plant relationship, 

Host Plant Resistance 

The tropical landrace sorghum, colloquially called 
"maicillo criollo," is widespread in Central America Al-
though little is known about its genetic makeup, itcomprises 
primarily caudatum-kafir and caudatum-dura integrated 
races. More than 90% of the sorghum grown in Honduras 
and El Salvador is maicillo criollo intercropped with maize. 
The sorghum and maize in the intercropped plantings in 
these areas experience severe damage by insect pests annu-
ally. Spodoptera frugiperda is the principal lepidopterous 
pest in the langosta complex, thus host plant resistance 
studies with the maicillo criolo sorghum have emphasized 
this species. Studies have been conducted in Honduras an'] 
in thl' United States 1)to determine if resistance is present 
in commonly used sorghum cultivars, as well as improved 
sorghum lines, and 2) to determine types and levels of 
resistance (particularly antibiosis and non-preference). The 
uses of a resistant cultivar for management of this insect and 
possibly other closely related pest species, if used alone or 
in combination with other components of insect pest man
agement, would provide a biologically, economically and 
socially feasible insect pest control program. Resistant cul-
tivars would reduce insecticide inputs and provide a sustain-
able insect pest management alternative that would be 
persistently effective, ecologically compatible, and safe to 
humans. 

Because fall armyworm populations decline after a brief 
buildup on landrace sorghum, the maicillo criollos have 
been studied to determine if host plant resistance was in-
volved and whether antibiosis wa!, a mechanism of resis-
tance. Feeding experiments were conducted in the 
laboratory using whorl-leaf materird collected daily from 
sorghum grown in the field. Experiments were initiated with 
first instar (newJly hatched) larae and mortality, pupal 
weight, generation time, intrinsic rate of population increase 
and relative fitness of the insects were used to make infer-
ences about antibiosis resistance. Several landrace sor-
ghums and improved lines exhibited plant resistance to fall 
Lrmyworm. Previous studies have shown that the landrace 
San Bernardo III significantly suppressed fall armyworm 
population density increase. The resistance was enhanced 
when San Bernardo III was combined with a sorghum line, 
TAM428, showing levels of insect resistance. Several lan-
drace accessions showed measurable levels of antibiosis 
resistavce. A hypothesis, based on differential selection and 
increasel selection pressure, brought about through inter- 
cropping with maize, has been presented to explain the 

development of antibiosis in the Honduran landrace sor
ghum populations. 

Hypothesis. Itmay be that intercropping of maicillo 
criollo sorghum with maize and local selection have resulted 
in the selection of genes that confer antibiosis in local 
landrace sorghum. Key to this hypothesis is the abundance 
of alternate hosts and the relatively small number of fall 
arnyworm generations on sorghum each year. These factors 
produce a differential selection for resident-virulent genes 
in host-insect populations in which all sorghums are subject 
to fall armyworm attack but not all fall armyworm lariae are 
forced to develop on sorghum. Consequently, resistant 
genes are selected; however, the virulent genes that enable 
fall armyworm to overcome resistance are diluted by amuch 
larger insect population which develops on alternate hosts 
such as maize. The result of this differential sc!ction has 
been observed when indigenous sorghums (maicillocriollo) 
exhibited antibiosis, but exotic sorghum did not. 

Differential selection apparently has been the practice for 
many, many years and because of this process, maicillo 
criollo has accumulated antibiotic genes which appear to 
confer a broad level of intermediate resistance through 
reduced fecundity. The inclusion of the antibiosis traits into 
conventional cultivars not only will enhance productivity 
and make the environment safer Ity reducing dependency on 
insecticides, it will also conserve these genes in situ where 
evolutionary processes can continue. 

Recent studies suggest that antibiosis resistance is ex
pressed differently in various landrace sorghums. Develop
nental times may be longer (thus fewer generations per 
year), pupal weight may be reduced (thus, irfluencing fe
cundity) and mortality may be increased. The level of resis
tance was increased in F5 and F4 progeny when two 
sorghums with low levels of antibiosis were combined. The 
:nbred line AF-28, which increases larval mortality, was 
crossed with San Bernardo III, which reduced fecundity. 
These crosses were tested in the field in Central America. 
Damage by S.frugiperda was significantly less in some F4 
lines compared to their parents. Inbred lines with the least 
amount of foliage damage were (AF-28 x SBIII)-17, (AF-28 
x SBIII)-19, and (AF-28 x SBIII)-28, (AF-28 x SBIII)-31. 
In another study, (laboratory) evaluating crosses of (AF-28 
x SBIII) previously selected from resistance tests in Hondu
ras and Tifton, Georgia, (AF-28 x SBIII)-28 showed a 
significantly high level of larval and pupl mortality, (AF
28 x SBIII)-28, -17 and -10 showed significant increases in 
larval developmental times (ca. 3 day,), and (AF-28 x 
SBIII)-28, -17 and -10 showed significantly lower intrinsic 
rates of natural increase (fitness). 

In a study to determine if the resistant sorghum San 
Be-nard' III maintained resistace over time, S.frugiperda 
larvae were reared on the resistant plants for several insect 
generations. This sorghum maintained initial levels of anti
biosis resistance through five generations (test concluded 
after five gcnerations). 
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The economic importance ofS.frugiperdaas an intema-
tional pest of sorghum is emphasized in collaborative re-
search with USDA scientists at Tifton, Georgia. Sorghum
materials from the Honduran breeding program and other 
countries have been evaluated for resistance to this insect 
pest. Scientis!s at Tifton have many years of expcrience in 
theconductofinsecthostplantresistancestudiesinthefield, 
laboratory ai., greenhouse. The MSU-105 project utilizes 
the expertise of these scientists for continued progress in 
sorghum host plant resistance (INTSORMIL, MSU-105, 
Objective 5). 

In recent studies at Tifton, a new type of non-preference 
resistance toS.frugiperdawhor stage feeding by larvae was 
observed among selected conveited sorghum accessions 
(IS 7794C, IS 7947C, IS 7273C, IS-7444C, IS-12573C, and 
IS-12679C). Host evasion, a type of pseudo-resistance, was 
the basis for resistance. Resistance in these sorghum acces-
sions was mainly due to their rapid rate of growth which 
induced a quick change in the plant morphology from the 
whorl-to the panicle-stage and did not permit a sustained 
colonization by the h'rvae. This new type of resistance could 
be referred to as "morphological non-preference," as op-
posed to chemical non-preference where non-preference is 
due to plant chemical factors, 

Foranumberofyears, studies inTifton have emphasized 
screening sorghum genotypes tor S. frugip ,rdaresistance, 
and determining mechanisms of resistance. Though several 
converted sorghum accessions were significantly more re-
sistant in the whorl stage than the resistant CM 1831 (toler-
ance resistance), effcrL- to identify sorghum germplasm 
with more resistance in the whorl stage to S. frugiperda 
should continue because a high level of resistance has not 
been identified in the genotypes tested. Studies should be 
initiated to test the more promising sorghum accessions for 
agronomic characteristics in order to incorporate them in a 
S.frugiperdamanagement program. 

SpodopterafrugiperdaFlightand OvipositionBehavior 

The MSU- 105 project has emphasized research on the S. 
frugiperda(fall armywonn), an inscct pest of international 
importance, and one that annually migrates into the southern 
United States where it causes economic injury to a large 
number of crops; including sorghum and maize. This pest 
shows a desired preference for plants in the grass family, 
and particularly sorghum and maize. The literature reports 
conflicting views on egg laying behavior of S. frugiperda 
on sorghum and maize in relation to age (size) class of the 
plants. Since this insect is a migratory species and may
immigrate into areas in the United States at different times 
during the growing season, when the crops may be in 
different stages of plant development, MSU-105 research 
was initiated to investigate stage of maturity of sorghum 
crops as a factor influencing plant acceptability by S. 
frugiperdafor oviposition. This information will be useful 
in sampling programs for timing of sampling of different 
age crops for detection of pest infstation, and for determin-

ing levels of infestation on crops in different stages of plant 
development. 

The objectives of this research are 1)to determine ovipo
sition preference by S. frugiperda moths of different ages 
for sorghum plants at various stages of maturity, and 2) to 
assess the effect of flight on oviposition by S. frugiperda 
moths of different ages on sorghum plants at various stages 
of maturity. This research was conducted by a Master of 
Science student from Malawi (SADCC program). The data 
is being analyzed for completion of the student's program.
The results will be presented in the 1994 annual report. 

Networking Activities 

ResearchInvestigatorExchanges 

Sudan. Collaborative INTSORMIL relationships be
tween research entomologists in the Sudan (ARC) and at 
Mississippi State University were established in 1987 in 
association with the Purdue (PRF) Project. The principal 
pest constraints to sorghum production in Sudan are shoot 
fly, stem/stalk borers, American bollworm, aphids and sor
ghum midge. The levels of damage caused by these pests 
vary in rain-fed areas and irrigated areas. 

Present studies by in-country scientists emphasize 
screening of insecticides against sorghum shoot fly and stem 
borers. Results have been limited to providing information 
for pest control recommendations. Accordingly, only Sevin 
is the insecticide recommended forstem borer control. Tests 
to evaluate selected insecticides for efficacy against shoot 
fly and stem borers on sorghum seedlings and whorl stage 
plants have been conducted. 

Sorghum breeding lines have been and will be screened
 
in the field for resistance to stem/stalk borers.
 

Malawi. The participation in MSU-105 of a graduate 
student, (M. S. level) from Malawi in 1991-93, will provide 
opportunity for further expansion of research on insect pest
constraints on sorghum in Africa. The SADCC student is 
currently investigating aspects of insect migration, using fall 
armyworm, in relation to age of the insect and phenological 
growth stage of sorghum plants (Objective 6). 

Germplasm andResearch InformationExchanges 

Impact of CRSP-produced or Recommended 
Technology 

Host plant resistance screening techniques and proce
dures that have been developed by U. S. scientists (Wise
man, GA, MS U-105) for laboratory, greenhouse and small 
field plot evaluations of plant materials for insect resistance 
continue to be used in the U.S. and some have been accepted 
in most programs inThird World Countries. An INTSOR-
MIL graduate student in MSU-105 obtained training in these 
new host plant resistant methods in 1991 and is utilizing 
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these techniques in research in the United States and Hon
duras. This technology is being disseminated into Honduras. 

Assistance Given 

One (1)hygrothermograph hand-carried to thePanameri
can School of Agriculture in May, 1992 for use by INTSOR-
MIL students and collaborating scientists conducting 
research in Honduras. INTSORMIL students transport ma
terials and supplies from Mississippi State University for 
use in the conduct of their research in th-. laboratory and in 
the field. INTSORMIL collaborators use some of these 
supplies as well. 

Other research equipment shipped to the Panamerican 
School in May, 1992 included 1tape recorder for use in field 
studies, insect rearing supplies, and office supplies for stu
dent research projects. The research and office supplies are 
shared by students and collaborators at the Panamerican 
School of Agriculture. 

Publications and Presentations 

Abstracts,Articles,Reports andOtherPublications 

Castro, M. T. , H. N. Pitre, and D. H. Meckenstock. _ . Fall arnyworm 
(Spodoptera frngipema (J. E. Smith)) (Lepidoptera: Noctuidae) and 
neotropical cornstalk borer (Diatiaea lineolata (Walker)) (Lepidoptera: 
Pyralidae) on sorghum and maize intecropped with legumes in Hon
duras. Turrialba. (Submitted). 

Castro, M. T. , H. N. Pitre, D. H. Mec.enstock. _ . Fall annyworm, 
Spodoptera fnrgiperda (J. E. Smith) (Lepidoptera: Noctuidae), devel
opment on Honduran landrace sorghums as a function of plant age. 
Florida Entomologist. (Submitted). 

Castro, M. T. , H. N. Pitre, D. H. Meckenstock, and F. Gomez. __. Sc,ae 
phytophagous insect pests, and apects of control in intercropped 
sorghum and maize in southem Honduras. Tropical Agriculture. (Sub
mitted). 

Diawara, M. M., B. R. Wiseman, and J. Isenhour. 1991. Spodoptera 
fnsgiperda (Lepidoptera: Noctuidae) resistance in converted sorghum 
accessions: a research summary. Sorghum Newsletter. 32: 46-47. 

Diawara, M. M. , B. R. Wiseman, and D. J. Isenhour. 1992. Morphological 
nonpreference resistance to fall arrnyworm (Lepidoptera: Noctuidae) 
among converted sorghum accessions. Seventeenth Biennial Grain 
Surghum Research and Utilization Conference. Sorghum Improvement 
Conference of North America. February 17-20, Lubbock, Texas. 1991 
(Abstract). 

Portillo, H. E. 1991. Insect pest ecology, population dynamics, and partial 
crop life tables and loss assessments, in intercropped sorghum and 
maize in southern Honduras. M. S. Thesis. Mississippi State Univer
sity, Mississippi State, MS. 

Portillo, H. E., H. N. Pitre, K. L. Andrews, and D. H. Meckenstock. . 
Partial life tables of interropped sorghum and maize and influence of 
non-crop vegetation on insect-related crop mortality in southern Hon
duras. Tropical Agriculture. (Submitted). 
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Role of Polyphenols in Sustainable Production 
and Utilization of Sorghum and Millet 

Project PRF-104B and PRF-104C
 
L. G. Butler
 

Purdue University
 

Principal Investigator 

Dr. Larry Butler, Department of Biochem stry, Purdue University, West Lafayette, IN 47907 

Collaborating Scientists 

Dr. Gebisa Ejeta, Department of Agronomy, Purdue University, West Lafayette, IN 47907 
Dr. Abdel Gebbar Babiker, Weed Control Program, Agricultural Research Corporation, Gezira Station, 

Wad Medani, Sudan 
Dr. Dale Hess, Millet Pathology, ICRISAT Sahelian Center, B.P.12404. Niamey, Niger (via Paris) 
Dr. Klaus Leuschner, SADCC/ICRISAT Center, Bulawayo, Zimbabwe 
Dr. J. Rutto, Deputy Director, Kenya Agriculture Research Institute, Nairobi, Kenya
Drs. J. Axtell (Agronomy), J.Rogler (Animal Science), B. Hamaker (Food Science), R. Nicholson (Botany 

and Plant Pathology), R. Bresspn, R. Woodson and M. Hasegawa (Horticulture), all at Purdue 
University, West Lafayette, IN 47907 

Summary 

Strigais a parasitic weed which is becoming the greatest
biological constraint on cereal production in much of Africa. 
Striga is exquisitely adapted to its role as a parasite, as well 
as to its hosts and environment. We are discovering that 
Striga uses a variety of chemical signals to communicate 
intimately with its cereal host. Our goal is to use this new 
information to develop effective methods by which African 
subsistence farmers can control this devastating parasite. 

Striga seeds germinate only after undergoing periods of 
after-ripening and moisture conditioning, followed by ex-
posure to a specific chemical signal produced by host roots, 
We found that sorghum toots exude two different class es of 
compounds which trigger Striga seed germination. The 
sorgoleones, which we reported in 1936, were the first 
host-derived Striga germination stimulants to be identified. 
We have shown, however, that it is not the sorgoleones that 
control Striga seed germination in the field. The second 
class of stimulants, more stable and more soluble in water 
than the sorgoleones, is the key to Strigagermination. Some 
sorghums produce extremely small amounts of these mate-
rials, and as a result perform well in Striga-infested fields, 
Stimulants in this group are chemically similar to strigol, 
previously reported to be exuded from the roots of cotton, 
which is not a host for Striga.Others have reported that the 
major stimulant ofsorghum is a strigol analog, sorgolactone. 
We have receaitly found that strigol itself is exuded by 
sorghum roots, accounting for about 1%of the Striga ger-
mination stimulant activity, and that strigol accounts for 
almost all of the stimulant exuded abundantly by maize and 
Proso millet roots. Sorghum roots exude small amounts of 
two other stimulants similar to strigol but not yet identified. 
The pearl millet cultivar we have tested does not produce 

significant amounts of Strigol or any other stimulant to 
which our Striga seeds respond. The species differences we 
find in stimulant production are consistent with widespread 
reports ofspecies and strain specificity ofStriga infestation. 

A second developmental signal, which causes Striga !o 
form a specialized structure (haustoria) and attach to a ho t 
root, is produced in about the same amounts by all the 
sorghums we have screened. Sorghums seem to differ in the 
amount they produce of this signal much less than they vary 
in production of germination stimulant. We have, however, 
found two lines of maize which produce relatively little of 
this second signal. It may eventually be possible to introduce 
this trait into sorghum. 

We have evidence for yet another host-derived Striga 
developmental signal. After Strigaattaches to the host root, 
this chemical from the host plant causes it to form shoots 
and fully developed plantlets. We can replace this signal 
with purified compounds known to serve as growth regula
tors in other plants, and we can modify the resulting Striga 
response by asing herbicides. This finding may lead to 
resistance mechanisms and potential control strategies not 
previously considered. 

Finally, we find that Striga also produces a chemical 
signal that strongly influences the growth of its host plant, 
and in high concentrations can kill it. Using tissue culture 
techniques, we are developing sorghums which should be 
less sensitive to this Striga-derived signal. When we test 
them in Striga-infested fields we expect these sorghums to 
have superior productivity. 
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In adapting to a parasitic lifestyle, Striga has become 
dependent upon its host not only for nutriers but also for 
crucial developmental signals. Moreover, Striga also pro-
daces chemical signals which to some extent controls 
growth of its hort plant. Identification or developmient of 
host crops which produce abnormal amourits of signals 
required by Striga may provide a low-input form of Striga 
control for African subsistence farmers. 

Objectives, Production and Utilization Constraints 

Objectives 

To elucidate the biochemical basis for the antinutritional 
effects of sorghum tannins and other phenois and sorghum 
proteins. 

To elucidate the biochemical baois for the resistance to 
predatory birds, fungal pathogens, weathering, stored grain 
insects, and Striga, which ar!e provided by sorghum tannins 
and/or other phenols and sorghum proteins. 

To eliminate or diminish the antinutritional effects of 
sorghum tannins and other phenols whi!e maintaining or 
enhancing their agronomic benefits. 

To minimize the effect of Striga on sorghum and millet 
production in Africa. 

Constraints 

Thisprojectaddressessomeofthfmostimportant world-
wide constraints to sorghum and millet production and to 
sorghum utilization. These include grain-eating birds and 
the parasitic weed Striga in much of Africa, grain molds and 
weathering in India, and grain-eating birds and weathering 
in the southeastern U.S. The occurrence ofphenolic compo-
nents, especially the flavonoids and their polymers the con- 
densed tannins of sorghum, correlate to some degree with 
resistance to the above constraints, with the probable excep-
tion of Striga. However, it is widely recognized that the 
presence of these phenolic materials in the seed of sorghum 
and millet also constitutes a formidable constraint to their 
utilization as food and feed. Phenolic materials, usually 
assumed to be tannins, are thought to diminish the palatabil-
ity and digestibility of the food prepared from sorg sum, an( 
create undesirable colors in both sorghum- and mil!f-t-baseo 
foods. Until now it has been considered necessary, inseveral 
reas of the wouid, to accept the utilization constraints in 

order to overcome the production constraints by growing 
"high-tannin" pest resistant sorghums, or in the case of 
Striga, simply to abandon infested fields. 

Research Approach 

This research is coordinated closely with that of Dr. G. 
Ejeta. It is a fully integrated interdisciplinary program, with 
the breeding done by Dr. Ejeta and the laboratory work done 
here. Our students share the field and laboratory work. 

Our general approaca isto put highest emphasis on crop 
improvement, but we also try to contribute new basic knowl
edge about the crop/constraint systems we investigate. The 
specific approach we often use is to collect and identify 
reportedly superior sources of resistance (to birds, mold, 
Striga, etc), establish in the laboratoiy (ii possible) th., 
biochemical mode of resistance, develop a simple method 
of screening for the resistant trait, screen genotypes in the 
laboratory for the trait, coi'finn their resistance in the fields 
of our African collaborators, and use them in breeding 
improved sorghums. We also rely on in vitro tissue culture 
to screen for resista.ce-conferring traits, and along with 
mutagenesis, to develop new genotypes with enhanced re
sistance. The major emphasis we place on developing pest 
resistant crops (rather than chemical or technological 
"fixes" of the pest problem) is consistent with the current 
thrust toward low input sustainable agriculture, and is par
ticularly appropriate for African subsistence farmers with 
limited access to inputs. Other approaches we utilize in 
specific cases will be described below. 

Project Output/Research Fkndings 

Antinutritional effects of high tannin s rghums: Lilian 
Jimenez-Ramsey, a Brazilian Ph.D. student under Dr. John 
Rogler, poultry nutritionist in Animal Sciences, has in our 
laboratory shown that low MW polyphenols from high 
tannin sorghum grain metabolically labelled with 14CO 2 are 
absorbed from the chick digestive tract, but condensed 
tannins are not absorbed. Thus the systemic effects (in 
bodily tissue, not just in the intestinal tract) of consuming 
high tannin sorghum cannot be due to tannin. Lilian pre
pared large amounts of these various polyphenol fractions, 
including tannin, in nonradioactive form and fed them indi
vidually to both rats and chicks to determine which fraction 
is responsible for the major antinutritional effects, espe
cially inhibition of growth. In contrast to our earlier results 
which suggested systemic effects (presumably due to low 
MW absorbable phenolics) are primarily responsible for the 
antinutritional properties of high tannin sorghums, Lillian 
found that the tannin fraction was far more effective as an 
inhibitor of rat and chick growth than are the low MW 
absorbable polyphenols. The basis for this apparent anom
aly maybe clarified by a detailed ana-lysis of the experimen
tal data now underway. It seems possible that polyphenols, 
as they occur naturally in the seed, produce effects quite 
different from those caused by polyphenols purified from 
the grain and then added back to polyphenol-free diets. 

Identification of the tannin-associated component re
sponsible for the antinutritional effects of high tannin sor
ghum will allow us to develop a specific assay for it, screen 
for it, and eventually develop sorghums which have little of 
it and are nutritionally superior. We expect that these sor
ghums will maintain '.he pest resistant characteristics of high 
tannin sorghums. 

Tannin-free bird resistant sorghums: We previously ob
tained two sorghum genotypes which have excellent bird 
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resistance yet have no tannin, one from Brazil, Dr. Robert 
Schaffert, and one from Arkansas, Dr. Johr York. We have 
shown that these have good bird resistance h,our trials, and 
that the Arkansas line has excellent nutritional quality as 
determined in rat feeding trials. The Brazilian sorghum is a 
hybrid, and we only recently obtained seed of its parents and 
found that they both have significant bird resistance. From 
progeny of this hybrid we have three selections with useful 
resistance. With a PSTC/USAID grant we are characterizing
the bird resistance of these sorghums with Kenyan and 
Brazilian collaborators. Thadeo Tarino, a SADCC sup-
ported Ph.D. student from Tanzania is working on this 
project, although he is formally in the Forestry Depart-
ment's Wildlife Management program, with Dr. Harmon 
Weeks as his major professor. Tarimo has shown with 
trapped wild sparrows that a repellant component can be 
extracted with nonaqueous solvents from the mature grain 
of the tannin-free bird-resistant sorghum, Ark 3048, and that 
the repellant component is rapidly deactivated by contact 
with moisture. Tarimo is currently at the SADCC/ICRISAT 
Center in Bulawayo, Zimbabwe conducting repe'lancy trials 
on caged Queleas. Comparison of his results with results 
alreadyobtained here with caged sparrows should determine 
whether bird repellancy tests conveniently conducted here 
with sparrows will yield results applicable to Queleas in 
Africa. The repellant characteristic of these unique tannin-
free sorghums will be useful in developing improved bird 
resistant sorghums with good nutritional quality. If the gene 
controlling synthesis of the active compound(s) can be 
isolated, perhaps other crops can eventually be transformed 
with it. 

Mold resistanc,. ia sorghum: Dr. Admasu Melaky Ber-
han, postdoc from Ethiopia currently supported by
McKnight funding, continues his studies on this problem, 
currently looking at proteins which may play a role in 
resistance. Richard Johnson, graduate student (under Dr. 
Ejeta) , supported by a grant from Pioreer Seed Co., has 
compared several tan/red pairs of isogenic sorghum lines 
and shown that tan plants accumulate apigenin (yellow) and 
red plants instead accumulate apigeninidin (orange-red). 
Although the latter has been shown by R. Nicholson's group 
to be fungitoxic in sorghum seedlings under laboratory, 
conditions, we observed no difference in leaf disease resis-
tance (anthracnose and rust) of the tan/red isogenic lines in 
field conditions. Our original observation was that mold 
resistance is more highly correlated with seed content of 
flavan-4-ols than with tannins or with 3-deoxyanthocy-
anidins such as apigeninidin. 

Striga: Role of ethylene in germination: Dr. Abdl Geb-
bar Babiker, Weed Scientist from ARC/Wad Medani and 
our major Sudanese collaborator, has been on sabbatical 
leave from ARC and working in our laboratory since Janu-
ary 1992. Using gas chromatography in the laboratory of Dr. 
Randy Woodson, Horticulture Department, Dr. Babiker has 
shown that the ultimate signal for Striga seed germination 
is ethylene. Dr. Babiker has characterized a wide variety of 
plant hormones and growth regulators, as well as specific 

herbicides and inhibitors of protein synthesis, with respect 
to their effect on ethylene formation and Striga seed germi
nation. He has not only demonstrated the crucial role of 
ethylene but also has provided insight into the early stages 
of the germination process and has illuminated metabolic 
steps in ethylene biosynthesis possibly vulnerable to attack 
(for controlling Striga) by manipulation of hormones and 
herbicides in combination. 

Striga: Tissue culture: Tishu Cai, visiting scientist from 
the Peoples Republic of China, now has established Striga 
in tissue culture, both callus and suspension culture. Cai has 
been able to demonstrate the role of host-produced differen
tiation factors in Strigadevelopment. On aparticular growth 
medium. Striga differentiates mainly into roots charac
teristic of a nonparasitic mode of growth, If sorghum roots 
have previously been grown in the same medium, Striga 
cultures rapidly differentiate into shoots and intact plantlets
characteristic of the parasitic growth mode. Manipulation of 
cytokinins and other plant growth factors can mimic the 
effects of natural differentiation signals provided by host 
roots. It seems clear that the host-derived signals which 
control Striga are not limited to germination stimulant and 
haustorial initiation factor, but include factors which control 
differentiation subsequent to haustoria formation and at
tachment to the host root. This finding may lead to Striga
control measures based on mechanisms of resistance not 
previously considered. 

Our suspension cultures of Striga will be utilized to st 
host crop genotyp.s for incompatibility with Striga. With 
our restrictions, which prevent us from growing Striga
plants, tissue culture offers an attractive approach to this 
speculative effort to identify host genotypes which are in
compatible/toxic to Striga. If we can fred (or produce via 
somaclonal variation or mutagenesis) such genotypes, they
should exhibit true resistance, rather thn tolerance, to 
Striga. 

We continue to develop high quality suspension cultures 
of sorghum suitable for transformation with exogenous 
DNA using a particle gun (supported by Pioneer). We also 
continue to select for resistance to Striga toxin in what we 
call liqiid cultures of sorghum. Cai now has a large number 
of sorghum plants regenerated from clones of cells which 
sfirvived exposure to Striga toxin. Their progeny will be 
evaluated for tolerance to the Striga toxin. In this way we 
hope to develop new sources of resistance/tolerance to 
Striga. 

Striga: "Toxin": Dolly Bell-Lelong, Ph.D. student sup
ported by McKnight funds, has found that sorghum seed
lings are vulnerable to Striga toxin only after they have 
exhausted the nutrients stored in the seed and are dependent 
upon photosynthesis for growth. This is consistent with 
previous reports that Striga decreases the efficiency of host 
photosynthesis. Sorghum genotypes differ intheir suscepti
bility to the toxin. The Striga-resistant serghum SRN 39 is 
relatively little affected by the toxin, in addition to its low 
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production of germination stimulant. Dolly has preliminary 
results showing that Striga toxin may not be unique to 
Striga, but may be produced by many plants. Thus, the 
unique aspect of Striga toxin may not be its chemical nature 
but its access to host metabolism. 

Striga: Screening for germination stimulants and hausto-
ria initiation factor: The rapid agar gel assay originally 
developed for screening sorghums for low stimulant pro-
duction has now been adapted by Mark Alkire, Striga tech
nician, to screen for production of the second host-derived 
Striga developmental signal, haustoria initiation factor. 
Fasil Reda, visiting scientist from the Ethiopian national 
program, adapted the agar gel assay to screen maize as well 
as sorghum, and Cisse' Ndiaga, graduate student from 
Senegal (under Dr. G. Ejeta) is adapting it to screen cow-
peas. Dr. D. Hess is adapting the assay to pearl millet at the 
ICRISAT Sahelian Centre. Large numbers of samples are 
being screened in our laboratory, particularly of sorghum in 
various studies directed by Dr. G. Ejeta. In addition to low 
stimulant producing sorghums, we have identified two 
maize genotypes which produce significantly low levels of 
both germination stimulant and haustoria initiation factor. 
So far, all the sorghums screened produce equivalent 
amounts of haustoria initiation factor. 

Yohan Weerasuriya (Sri Lankan Ph.D. student with Dr. 
G. Ejeta) has developed an alternative assay for Striga 
germination stimulant that is much more quantitative than 
the agar gel ass~y and more adaptable to all crops including 
those which are difficult to screen in the agar gel assay. The 
procedure uses glass wool as the substrate for growing crop 
seedlings. Using this assay, Yohan has shown that pearl 
millet does not produce significant levels of stimulant to 
which ourStrigaasiatica seeds respon1. Rice and barley are 
likewise low producers of stimulant for our Striga seeds, 
which appear to be a strain with specificity for sorghum and 
maize. Interestingly, Yohan finds that cowpeas produce a 
stimulant to which our Striga seeds respond, although it is 
a different Striga species (gesneroides) which parasitizes 
cowpeas. Cowpea genotypes differ by at least 100 fold in 
the amount of stimulant they produce. The single soybean 
cultivar tested produced active stimulant at relatively low 
levels. 

Striga: Identification of germination stimulants: Bupe' 
Siame, Ph.D. student from Zambia, developed methods for 
concentrating and purifying water-soluble Striga germina
tion stimulant a thousand-fold from root exudate produced 
in glass wool as described above. Chromatographic fraction 
of the purified material indicates that root exudates of sor
ghum (several cultivars), maize (one cultivar tested), and 
Proso millet (one cultivar) contain the same three com
pounds with germination stimulant activity. Chemical deri-
vatization and mass spectral analysis resulted in the recent 
identification of the major component from maize and Proso 
millet as strigol, the water soluble Strigagermination stirau-
lant previously identified from the root exudate of cotton, a 
non-host. Strigol is also produced by sorghum, but it is not 

the major component. The major germination stimulant 
produced by sorghum was recently reparted by German 
scientists to be a strigol analog they called sorgolactone. Our 
findings are consistent with this report. The third active 
component from these root exudates and a fourth found only 
in sorghum exudate were not identified, but almost certainly 
are analogs of strigol. 

Networking Activities 

Workshops 

Fourth Chemical Congress of North America, Sympo
sium on Phenolic Compounds in Foods and Health Ill 
Natural Phenolic Antioxidants, New York, NY, August 
25-30, 1991. 

NC-189 (Forage Protein) Annual Meeting, St. Louis, 
Sept. 24, 1991 (invited speaker). 

16th International Conference of the Groupe Polyphe
nols, 12-16 July, 1992, Lisbon, Portugal (invited speaker) 

Other Collaborating Scientists 

Dr. Sam Mukuru, SAFGRAD/ICRISAT, Nairobi, 
Kenya 

Drs. L. Roone), R. Waniska, D. Rosenow, and 
R. Frederiksen, Texas A&M University 

Dr. R. Duncan, University of Georgia 
Dr. A. Hagerman, Miami University, Oxford, Ohio 
Dr. J. Riopel, University of Virginia 

Research Investigator Exchange 

Dr. A. G. T. Babiker, Weed Scientist on sabbatical leave 
from ARC, Sudan, Jan. 1992 through Jan. 1993, supported 
by INTSORMIL. 

Tishu Cai, Visiting Scientist, People's Republic of China 

Fasil Reda, Research Officer in Weed Science, IAR, 
Ethiopia, supported by CIMMYT/Nairobi, Jan.-April, 
1992. 

Dr. Paulo Magalhaes, EMBRAPA/Brazil, October-Dec. 
1991. 

Begona Bartolome, Instituto de Fermontaciones Indus
triales, C.S.I.C., Spain, Oct.-Dec. 1991. 

Research Information and Material Exchange 

Polyphenol and Striga germination analyses and samples 
of sorghum, tannin, sorgoleone and other materials were 
provided for several of the collaborators listed above and for 
many others not listed. 
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Laboratory supplies were provided for Dr. A. G. Babiker, 
ARC, Sudan; Fasil Reda, IAR, Ethiopia; and Dr. Dale Hess, 
ICRISAT Sahelian Center, Niger. 

Publications and Presentations 

Pub:,i( tions 

"Traditional Processing of High-Tannin Sorghum Grain in Uganda and Its 
Effect on Tannin, Protein Digestibility and Rat Growth", (with S. 
Mukum, J.C. Rogler, A. Kideis, G. Ejeta, J. Axtell, and E. Mertz) J. 
Agric. Food Chem. 40:1172-1175 (1992). 

"Sorghum Suspension Culuwrs" (with T. Cai), Sorghum Newsletter, in 
press. 

"Effect of Genotype, Explant Age and Medium Composition on Callus 
Production and Plant Regeneration from Immature Embryos of Sor
ghum" (with H. Elhag), Arab Gulf J. Scient. Res. 10: 109-119 (1992). 

"Strctue nd Evolution of the Genomes of Sorghum bicolor and Zea 
mays" (with A. Melake Berhan, S. H. Hulbert, and J. L. Bennetzen), 
Theoretical and Applied Genetics, in press. 

"Biochemical Mechanisms of the Antinutritional Effects of Tannins" (with
J.C. Rogler) in Phenolic Compounds in Food and Their Effects on 
Health, C.T. Ho, C.Y. Lee and M.T. Huang, eds., ACS Books, Wash
ington, DC.. pp. 298-304 (1992). 

"Host 	Plant Resistance to Striga" (with G. Ejeta) in International Crop
Science I, D.R. Buxton et ol. eds. Crop Science Society of America. in 
press. 

"Polyphenols and Herbivore Diet Selection and Nutrition", Polyphenols 
Actualities (Commemorating tie 20th Arniversary of Groupe Polyphe
nols), in press. 

Abstracts 

"Biochemicel Mechanisms of the Antinutritional Effects of Tannins" (with
J.C. Rogler), Symposium on Phenolic Compomds in Food and Health, 
Fourth Chemical Congress ofNorth Amer. ,t N,-w York, August 1991, 
abstract #149. 

"Inheritance of Low Stimulation of Striga Seed Germmition in Sorghum 
Cultivar SRN-39" (with R. Vogler and G. Ejeta), Am. Soc. Agronomy 
Annual Meeting Abstracts, Oct. 1991, Denver, p. 120. 

"Phenolic Profiles and Leaf Disease Reaction of Tan and Red Isogenic 
Lines" (with R. Johnson, B. Siame, and G. Ejeta), Am. Soc. Agronomy
Annual Meeting Abstracts, Nov. 1992, Minneapolis. 

"Production of Host-Derived Developmental Signals for Witchweed" (with
Y. Weerasuiya and G. Ejeta) Am. Soc. Agronomy Annual Meeting 
Abstracts, Nov. 1992, Minneapolis. 

Presentations 

Presentations relating to INTSORMIL: with Dr. Ejeta, presentations of our 
Strigawork at US AID/Washington and at the World Bank/Washington, 
Feb. 13, 1992. 
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Disease Control Strategits for Sustainable Agricultural Systems 

Project TAM-124
 
R. A. Frederiksen and R. W. Toler
 

Texas A&M University
 

Principal Investigators 

Dr. Richard A. Frederiksen, Department of Plant Pathology and Microbiology, Texas A&M University, College 
Station, 7X 77843 

Dr. Robert W. Toler, Dekiarttment of Plant Pathology and Microbiology, Texas A&M University, College 
Station, TX 77843 

Collaborating Scientists 

Carlos R. Casela, EMBRAPA/CNPMS, Caixa Postal 151, Sete Lagoas 35700, MG, Brazil 
Larry Claflin, ilepartment of Plant Pathology, Kansas State University, Manhattan, KS 66506 
Mamourou Diuurte, Institute Economic Rurale, Republic of Mali, Bamako, Mali 
R. R. Duncan, Departmenit of Agronomy, Georgia Agrictiltural Experiment Station, 1109 Experiment St., 

Griffin, GA 30223-1797 
J. Peter Esele, Uganda Agriculture and Forestry Research Organization, Sorghum & Millets Unit, Serere, 

P.O. Soroti. Uganda 
Issoufou Kollo, INRAN, Niamey, Niger 
John F. Leslie, Department of Plant Pathology, Kansas State University, Manhattan, KS 66506-5502 
Dan Meckenstock, Escuela Agricola Panamericana, Apdo. Postal 93, Tegucigalpa, Honduras 
G. Odvody, Texas A&M University Agricultural Research and Extension Center, Highway 44, Route 2, 

P.O. Box 589, Corpus Christi, TX 78410 
El Hilu Omer, Agricultural Research C3iporation, Botany and Plant Pathology Section, Gezira Agric. Res. 

Station, Wad Medani, Sudan
 
Ram Thakur, ICRISAT, Patancheru, Andhra Pradesh 502 324, India
 
Melville D. I nomas, ICRISAT, B. P. 320, Bamako, Mali
 

Summary 

Additional cooperation with ICRISAT was initiated 
through the development of a joint International Anthrac-
nobc Virulence Nursery. The enhanced collaboration stems 
from the recognition of the importance of this disease in the 
more humid sorghum growing regions of the developing 
world. Anthracnose collaboration will permit a better evalu-
ation of the durability of host resistance and a better estimate 
of the variation in pathogenicity among isolates of the 
pathogen worldwide. Participating regions include West 
Africa, Mali and Niger, East Africa, Sudan; Southern Af-
rica, Zambia and Zimbabwe; and Brazil. Our work has 
demonstrated that there is tremendous variation among iso-
lates from locations and between locations. Evaluation of 
resistance to long smut in Niger became a routine procedure 
with the development of a reliable inoculation technique for 
the evaluation of resistance under conditions in West Africa. 
Sorghum downy mildew has become less and less of a 
problem because of global cooperation in the development 
of host resistance, characterization of isolates and through 
the useof highlyeffective fungicide seed dressings. In 1991, 
a new product with a mixture of pesticides was developed 
that has the potential of inexpensively controlling downy 
mildew of pearl millet. Preliminary data are remarkably 

impressive. Work on the product Apron® Plus will be 
conducted in Niger and Sudan. 

The International Sorghum Antiserum Bank supplied 
antiserumonrequesttothreeLDC's, AustraliaandfourU.S. 
locations. From over 500 sorghum accessions tested, 378 
were resistant to sorghum yellow banding. Sorghum yellow 
banding virus is synergistic with maize dwarf mosaic virus 
strains A and 0. Mechanical inoculation of sorghum with 
maize dwarf mosaic strain A affects both the virus titer in 
inoculated plants, as well as, symptom development and 
reaction type. 

Research Objectives 

Sudan 

Long Smut 

• Identify sources of resistance in Sudan collection. 
• Identify plant traits leading to disease escape. 
• Collaborate with all African Long Smut Nursery. 

19 



SustainablePlantProtectionSystems 

Anthracnose 	 Siga 

Identify sources of resistance from the Sudan collec- e Evaluate reaction of 25 cultivars of pearl millet to 
tion Strigaat Bengou. 

" Repeat 1989 study on effect of soil amendments (or-
Covered Kernel Smut ganic matter). 

" Study effect of organic matter on Striga infection in 
* 	Evaluate fungicides forcontrol of covered kernel smut sorghum (in cooperation with Agronomists). 

" Begin study on Striga - sorghum host - parasite -
Stri a interactions. 

-	 Begin studies on histopathology of resistant sorghum. Macrophomina 

Honduras • 	 Cross inoctate sorghum/millet/cowpea with isolates 
of Macrophominaphaseolinausing both natural hot 

* 	Evaluate sources of resistance to Peronosclerospora spots and laboratory approaches.
 
sorghi in Honduras.
 

Venezuela
 
Brazil
 

* 	Evluation of sorghum virus strains using both the 
* 	 In 1991/1992, we will continue our collaborative ISVN and the Antisera Bank.
 

work on anthracnose, particularly in the area of dila- - Determine the incidence of SYBV.
 
tory resistance and pathogen variability.
 

Zambia
 
India
 

* Evaluate sorghum virus and strains using both the 
A proposal, the "Cytogenetic and molecular mapping ISVN and the Anti.era Bank. 
ofpearl millet chromosomes with particular reference 
to resistance to downy mildew and smut" was pre- Tanzania 
pared by G. K. Gupta and R. K. Chatwal, Puntjab 
Agricultural University, Ludhiana. R. A. Frederiksen - To characterize the diseases caused by Fusariumspp. 
will serve as the project advisor for USDA. on sorghum in Tanzania. 

* 	To identify various mechanisms of genetic resistance 
Mali 	 in sorghum to the various diseases caused by different 

Fusariumspecies. 
* 	Study the epidemiology of long smut. 
* 	 Dev2lop an inoculation procedure for the sooty stripe Domestic
 

and anthracnose pathegens.
 
* 	Evaluate the Texas A&M/INTSORMIL nurseries for o Identify sources of resistance to disease. 

reaction to the prevalent pathogens in Mali. o Assist in the incorporation of multiple sources of 
* 	Study the interaction of mold and insects on grain resistance to disease.
 

deterioration. o Determine inheritance of resistance.
 
* Improve disease screening methods. 

Niger • Complete biology of disease where needed. 
- Evaluate epidemiology ofanthracnose and leafblight. 

Long Smut 	 * Organize, maintain, and distribute in collaboration 
with ICRISAT, and with TAM- 121 and 122 the inter

* 	Evaluate reaction of high and low smut selections national sorghum disease and pathogen identification 
made in 1989. nurseries. 

" Continue monitoring survival of long smut inoculum. * Identify sources of resistance to viruses and strains. 
" Inoculation and evaluation of long smut nurseries at * Incorporate multiple virus resistance to type viruses 

Kollo and Tilabery. 	 and strains into new sorghum genotypes. 
o 	Determine inhorilanre of virus ,esistance in sorghum. 

Sooty Stripe/Kollo Spot - Produce, disribute and evaluate the International Sor
ghum Virus Nursery both domestically and world

* 	Evaluate yield effects cause by sooty stripe, wide. 
" 	 Determine effect of "Kolo spot" on production at - Maintain and strengthen the Sorghum Virus Antis

various stages of plant growth. erum Bank and provide antisera internationally. Pro
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duce monoclonal antibodies to sorghum yellow band-
ing virus. 

" Detect, identify and catalogue sorghum viruses and 
strains worldwide. 

" Study the effects of sorghum viruses on the host plant 
including yield, 

" Collect and evaluate populations of plant viruses for 
range or changes in virulence and develop disease 
diagnostic systems including immunoblot assay for 
strain comparisons, 

" Employ the new serology technique ELISA to deter-
mine virus concentration in sorghum. Virus concen-
tration is being used as a new tool to breed for MDMV 
resistance in sorghum. 

Research Approach and Project Output 

Several approaches continue to be used to control sor-
ghum and millet diseases. Our system of retworking in-
cludes the growing of several uniform nurseries in locations 
where certain diseases are important, such as the joint ICRI-
SAT/INTSORMIL International Sorghum Anthracnose 
Virulence Nursery (ISAVN) which is grown in a. as where 
anthracnose is endemic. Other nurseries include the Uni-
form Head Smut Nursery, the Sorghum Downy Mildew 
Virulence Nursery and the International Sorghum Virus 
Nursery. These nurseries are distributed on request to inter-
ested parties worldwide and provide information on sources 
of disease resistance and pathogen variability. In 1991, for 
example, Mr. Diourte in Mali found isolates of Colle-
totrichum graminicola which he believed to be different 
from those present in the U.S. based on the ISAVN. This 
would be an expected observation and has been confirmed 
in field trials. Dr. R. W. Toler and colleagues supplied 
antiserum from the International Sorghum Antiserum Bank 
upon request to three LDC's, Australia and four U.S. loca
tions and distributed the International Sorghum Virus Nurs-
ery to two countries in 1991. Work continues or, 
Colletotrichum graminicola utilizing RFLP and 
PCR/RAPD technologies to characterize variability among 
the pathotypes. Advances have been made in the charac-
terization of differences between the varieties of Sporis-
orium reiliaum, the causal organism of head smut, that 
attack sorghum and corn using various electrophoretic tech-
niques to separate chromosomes. Work continues to identify 
the sorghum genes responsible for resistance to head smut. 
Progress has been slowed by the unique biotropic relations 
between the host and pathogen and by difficulties in isolat-
ing DNA. We hve also screened and evaluated thousands 
of sorghum entries for resistance to the major diseases of 
sorghum. This work is done annually and continues as long 
as sorghum will need to be improved genetically. Another 
approach asks the question about durabilhy of the disease 
resistance. In this approach we seek to clmracterize resis-
tance that may prove to be more durable b., augmenting the 
resistance in a variety of ways to increase its durability. This 
is important because the effort and time spent indeveloping 
superior sources of resistance need not be lost because of 
failure, on the part -f someone on the team, to anticipate a 

change in the pathogen population or to deploy a clltivar 
susceptible to a damaging disease. Most of the work is 
interdisciplinary and involves specialists from many areas. 
The wide acceptance of germplasm developed from INT-
SORMIL institutions and the use Lf this germplasm in 
national programs demonstrates the importance of this ap
proach.
 

Finally, we work to augment hos! resistance by integrated 
procedures. Seed treatments of pearl millet with Apron® 

plus represents a major advance in controlling disease and 
improving stand establishment. 

Sorghum Smuts 

Long Smut 

Isolation and culturing of Tolyposporium ehrenbergii, 
the causal agent of long smut, along with careful inoculation 
of sorghum at the boot stage resulted in excellent infection 
of the pathogen with sporidia (Note Tables 1 and 2). The 
teliospore inoculation procedure was not effective in Niger, 
while it worked to some extent in Sudan. Dr. El Hilu and I 
do not find these differences to be alarming but recognize 
that in a controlled test, sporidia will cause the highest 
anount of infection. Issoufou Kollo noted that he must 
avoid plant injury in order to obtain high levels of infection. 
Based on inoculation during the off-season, Mr. Kollo clas
sified MR732, MR803, MR864 and MR926 as resistant to 
long smut. Survival of teliospores (spore balls) was evalu
ated over a period of two years at three month intervals 
(trimesters). Desiccated spores remained viable at a higher 
rate over a longer period of time than those not desiccated. 
Very few spores survived over one year unless they were 
desiccated. 

Head Smut 

Present techniques for evaluating resistance of sorghum 
to infection by Sporisorium reilianum, the causal organism 
of head smut, involve trials in field nurseries using natural 
or artificial inoculation. These trials can be expensive in 
terms of time and money and are restricted to the growing 
season. Natural infection requires repeated trials for reliable 
results due to environmental effects, whereas, artificial in
oculation of sporidia is labor intensive and can bypass 
resistance factors that provide satisfactory levels of natural 
resistance in the field. A technique has been developed by 
Dr. J. Craig (Craig and Frederiksen, 1992) to evaluate head 
smut resistance at the seedling stage. Seedlings of sorghum 
genotypes resistant and susceptible to S.reilianwn were 
grown in peat pellets and inoculated by infesting vermiculite 
surrounding seedling epicotyls with 7- to 10-day-old 
teliospore cultures. Four days after inoculation, the seed
lings are removed from the pellets, placed in test tubes 
containing water dcep enough to completely submerge the 
first leaf, and incubated in darkness at 24 C for five days. 
After incubatior.. symptoms on the first leaf blade differen
tiated susceptible and resistant genotypes. Symptoms on the 
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Table 1. Number ofsori per panicle after inoculation with sporidia and teliospores of Tolyposporium ehrenbergii 
(1991). 

Inoculum Number of sod/panicle* 
REP I REP2 REP3 RE4 

Sporidia 45 52 39 43 
Teliospores 7 1 3 1 
Water (Control) 0 0 0 0 
*Each number is the average of 8-10 heads. 

Table 2. Number of son per panicle after inoculation with sporidia and teliospores of Tolyposporium ehrenbergii 
(1992). 

Inoculum Number of sori/panicle* 
REP I REP2 REP3 REP4 

Sporidia 41 38 47 44 
Treliospores 0 0 0 0 
Water (Control) 0 0 0 0 
*Each number is the average of 8-10 heads. 

Figure 1. Effect of desiccation on the survival of germinating teliospores of Toypospori= chreabergii 

25 

N 
U 

m 20 
b 
e 
r 

15 
0 o Tellospores 

f-- Desiccated 

C 1H Non-desiccated 
0 

0 

n 
ni 5 
e 
S 

0 
0 1 2 3 4 5 6 7 8 9 

Trimesters 

first leaf blades of susceptible genotypes were general chlo- smut resistance that prevent we pathogen from reaching the 
rosis and brown spots. Leaf symptoms of resistant geno- apical meristem of thesorgrum plant. This typeof resistance 
types consisted of interveinal chlorosis and an absence of appears to be effective against the variability in virulent 
brown spots on the leaf blade. The inoculation and incuba- biotypes of S. reilianum that have overcome the race-spe
tion procedures used in this study identified types of head cific head smut resistance factors deployed in the past. 
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Dr. CGanambal Naidoo completed her work on the dif-
ferentiation of host specialized isolates of S. reilianum. 
Texas populations of S.reilianum, the causal agent of head 
smut in maize and sorghum, exhibit two levels of host 
specificity. Certain isolates are restricted to the maize host, 
while other isolates infect sorghum predominantly. The 
latter type can be further divided into four races based on its 
reactions on a series of sorghum differentials. Head smut of 
both maize and sorghum is a disease of worldwide impor-
tance and is controlled by host resistance. Markers associ-
ated with pathogen variability will be extremely valuable in 
the disease management program. An examination of mor-
phological and physiological traits, including a previous 
study employing isozymes failed to provide markers to 
distinguish the hostspecialized isolates. The objective of Dr. 
Naidoo's study was to find unique molecular markers which 
would clearly differentiate between the host specialized 
isolates of S. reilianum. Polymorphisms were sought by 
using an arbitrary primer-PCR based assay and pulse field 
gel electrophoresis. Karyotype analysis of the haploid 
sporidia revealed a polymorphism that seems to be associ-
ated with the host specificity. The maize pathotype of S. 
reilianum possesses 15 chromosomes, while only 13/14 
bands were separated from the sorghum pathotype. This 
difference of 750 kb in the sorghum pathotype was common 
in all 15 isolates examined. The additional chromosome was 
unique to all maize pathotypes examined. No other size or 
length polymorphism was observed among the samples 
examined. The genome size was estimated to be 11 Mb 
using Saccharomyces cerevisiae as a standard size marker. 
No length heterogeneity was observed in the ITS region of 
the rDNA of the different pathotypes when the genes were 
amplified by PCR. PCR with single ten nucleotide long 
arbitrary primers resulted in DNA polymorphisms between 
the isolates of a pathotype and among the pathotypes. Am-
plifications at lower annealing temperatures were more suc-
cessful and reproducible. Almost all of the 40 primers 
assayed resulted in polymorphisms. DNA fragments that 
were polymorphic between the pathotypes should be useful 
in pathotype differentiation and need to be tested on a larger 
number of isolates. This assay has provided markers which 
can be used in future genetic and population studies of the 
head smut organism. 

Downy Mildew 

Dr. Chenglin Yao completed his work on Peronos-
clerospora spp. Length heterogeneity in the internal tran-
scribed spacer 2 (ITS 2) of the rDNA repeat units of four 
species of Peronosclerospora was revealed by PCR ampli-
fication and Southern hybridizations. In addition to one 
dominant fragment for each species, there are several less 
frequent fragments of different sizes, and ,ach species has 
a unique banding pattern for ITS 2. The absence of 5-
methylcytosine residues in CCGG ,-id GCGC sequences, in 
the ribosomal genes of four Peronosclerospora species, was 
demonstrated by the production of identical banding pat-
terns with ribosomal DNA probes following digestion of 
genomic DNA with MspI and tIpall, and by complete 

digestion with CfbI. The application of these findings has 
permitted the naming of a species of downy mildew 
Peronosclerospora zea, formerly P. sorghi Thailand, and 
the lumping of P. philippinensis with P. sacchari. 

Anthracnose 

Two projects studying variability in anthracnose have 
been completed and one continues. Dr. Carlos Casela dem
onstrated evidence of dilatory resistance to Colletotrichum 
graminicola under field conditions which was closely cor
related to latent period. The role of sclerotia of C.gramini
cola was also evaluated. Plants in plots with these sclerotia 
had disease earlier and at a greater intensity than control 
plots. The significance of this work demonstrates that the 
sclerotia are important in the disease cycle of this pathogen 
and probably account for much of the inoculum survival in 
fields with short term rotations or no rotation. 

Mr. Phil Guthrie obtained 119 isolates of C. graminicola 
from around the world (104 from sorghum, 10 from maize, 
and 5 from johnsongrass). Their DNA was compared using 
RAPD markers. The level of genetic diversity was found to 
be high: approximately 85% of isolates could be uniquely 
identified. Geographical origin of the isolates was found to 
be more significant than the cultivar from which they were 
obtained, as far as genetic relatedness was concerned; sor
ghum isolates from Puerto Rico, for example, formed a 
genetically distinct group. Six differential cultivars were 
used to group a representative subset of sorghum isolates 
(72) into 12 pathotypes, but no pathotype-specific RAPD 
banding patterns could be found. By choosing an isolate 
with a sufficiently unique RAPD signature, we have shown 
that it should now be possible to monitor the fate of that 
isolate over the course of a season, and thus determine the 
effect of different cultivars on components of the pathogen 
population. RAPDs have been shown to have great potential 
for certain applications where molecular markers are 
needed, especially when speed and cost of processing are 
important factors. However, occasional lack of consistency 
remains a problem, and the researcher needs to be aware of 
this and to ensure that suitable controls are included in the 
DNA amplification process. 

Ms. U.e Rosewich is following up the work from Dr. 
Casela and Mr. Guthrie. Whereas they were both working 
with populations from large areas (Brazilian and mainly 
African isolates, respectively) and often only considering a 
few sinile-spored isolates from any one region, she is taking 
the next logical step with a close-up look at a population 
from a small, confined area. The sorghum disease nursery 
in Athens, Georgia (University of Georgia) conducted by 
Dr. R. R. Duncan was chosen for study based on the well 
documented history of: (a) a high amount of variability 
observed for isolates from this location based on host dif
ferentials, (b) the frequently reported breakdown of resis
tance in various sorghum genotypes in this nursery, (c) 
conducive environmental conditions that produce yearly 
epidemics of this fungus, and (d) isolation from other com
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mercial sorghum fields so that presumably asexually repro-
ducing, splash-dispersed organisms can develop with a 
minimum amount of outside influence (closed system).
About 100 single spored isolates have been established from 
the 1991 leaf samples and about 100 should be established 
from 1992 samples and from 1993 samples. These isolates 
will be characterized by RFLP signatures. The project will 
also include population studies on johnsongrass isolates. C. 
graminicola is also able to infect johnsongrass (Sorghun 
halepense), a vezy common perennial weed. There have 
been speculations that johnsongrass might serve as a reser-
voir for C.graminicola and as an overwintering host. Cur-
rently, Ms. Rosewich has about 100 single-spored 
johnsongrass isolates collected from various places in Texas 
and she is evaluating the variability among johnsongrass
isolates. She will test the hypothesis that johnsongrass iso-
lates comprise a single, homogeneous group which can be 
separated from the sorghum isolates based on RFLPs and 
virulence. 

Anthracnose has become a major concern in Mali and the 
level of disease remains high. Susceptible cultivars in 1991 
were IS2057 and Tx434. Both of these differentials are 
resistant at other locations, adding to the speculation that the 
isolates of C.graminicola in Mali are different from those 
in other regions of Africa and the Americas. 

Grain Mold 

Mr. A. Mansueius traveled to Tanzania in June, 1991 and 
surveyed the diseases of sorghum caused by Fusariwn spp.
Cultures of Fusarium spp. collected by Mr. Mansuetus are 
being evaluated as apart of his dissertation research. He will 
compare the population structures using mating types and 
vegetative compatibility markers. During June 1992, he 
traveled to Kansas State University under the guidance of 
Dr. John Leslie. While there he studied the techniques for 
vegetative compatibility testing of Fusarium spp. section 

Liseola. 


A major aspect of the collaborative research in Mali has 
been to examine the relation between head bug damage and 
grain mold on seed deterioration. It was observed that 
known mold resistant sorghums, such as SC748 and Sureiio,
develop extensive mold damage if the sorghum heads are 
not protected from head bugs. Protection from head bug,.
will be a requiremen t for evaluation of grain mold resis-
tance. This is important because grain mold resistance, as 
well as resistance to head bugs, will be required in an 
improved sorghum cultivar for Mali. Fungi is(,lated from 
damaged sorghum seed in 1991 were predominantly Colle-
totrichum graminicola, Phoma spp. and Curvularia spp.
The infrequent isolation of Fusarium spp. may reflect the 
nietlod used 'r unique environmental conditions. 

Chemical control of grain mold using benomyl was inef-
fective in Mali. 

Sorghum Virus 

The numberof sorghum cultivars tested forsusceptibility 
to SYBV has increased to 516 since 1988. One hundred 
thirty-eight cultivars were susceptible to the virus and 378 
were resistant. In total, more that 516 sorghum cultivars 
have been tested for host range to SYBV including those 
tested by Giorda and Toler. St. Augustine grass was deter
r ned not to be a host to SYBV. 

A pathogenic interaction between SYBV and maize 
dwarf mosaic (MDMV-A) virus was proved. inoculation of 
MDMV-A 3 days before inoculation with SYBV resulted in 
a more severe disease and the resultant disease symptoms 
were different froa those caused by either virus alone. Both 
viruses were serologically detected in a treatment in which 
MDMV-A preceded SYBV. Inoculation with SYBV 3 days 
before inoculation with MDMV resulted in the multiplica
tion of SYBV only. When SYBV was mixed in equal 
proportion to MDMV-A and then inoculated onto healthy
sorghum plants, which are susceptible to SY BV,MDMV-A 
was the only virus that was serologically detected. SYBV 
infected root tissue revealed the presence of SYBVparticles 
in the mitochondria and not in the nucleus. Maize dwarf 
mosaic strain 0 also produces a pathogenic synergistic
interaction similar to that produced by MDMV-A and 
SYBV. 

Use of a spray gun for mechanical inoculation of viruses 
could result in different pressures during inoculation, affect
ing disease ratings of two sorghum cultivars. This experi
ment evaluated the effect of mechanical inoculation 
pressure on virus titer as measured b\' double antibody 
sandwich method of enzyme-linked imn.unosorbent assay
(DAS-ELISA), disease incidence and severity in sorghum 
cultivars differing in reaction to MDMV-A. Positive corre
lations (r=0.58 and r=0.53 for RTx420 and BTx378, respec
tively), were obtained between disease incidence 
(percentage infection) when inoculation pressure was in the 
range of 5.28 to 7.06 kg/cm . Neither disease severity nor 
titer was correlated to inoculation pressure. However, inocu
lations resulted in higher virus titer compared to non-inocu
lated plants. 

Twenty accessions of the 1991 International Sorghum

Virus Nursery were mechanically inoculated with MDMV-

A. Infection levels and disease symptoms in the inoculated 
and control plots were recorded five weeks after inoculation 
and the grain was collected at maturity. The weights and 
volumes of five 100-kernel lots from cacti treatment of each 
accession were measured and kernel densities were calcu
lated. Comparisons of kernel weights, volumes and densi
ties between treatments were made within each accession 
and standardized. These results were correlated with symp
toms expressed by the accessions when infected with 
MDMV-A. In accessions wiffh mild to moderate mosaic 
symptoms, kernel volumes were less and kernel densities 
were greaier relative to controls. Kernel volumes were 
slightly greater and kernel weights were slightly reduced, 
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resulting in reduced densities in the accessions which dis-
played strong mosaic symptoms and general chlorosis. Ker-
nel densities, volumes and especially weights were reduced 
in the accessions which had severe chlorotic and necrotic 
symptoms. 

Other virus related research included distribution of the 
International Sorghun Virus Nursery, supplying of antis-
erum upon request from the International Sorghum Virus 
Antiserum Bank. Antiserum to sugarcane mosaic virus 
strain H was produced for the antiserum bank. The host 
range of Sorghum Yellow Banding Virus (SYBV) was 
studied. 

MDMV-B plants with necrotic reactions were reduced in 
height, panicle length, and stem diameter by 40%, 40% and 
25 %,respectively. Yield was reduced an average of 70% in 
plants with necrosis. 

Networking Activities 

John Leslie and R. A. Frederiksen submitted a proposal 
to the Rockefeller Foundation for support of a conference 
on the application of genetics and biotechnology to the 
characterization of fungal pathogens of sorghum and millet. 
This program, would include participants from scientists in 
the newly developing countries, those from genetics and 
microbiology laboratories along with participants from 
INTSORMIL laboratories. R. Frederiksen also reviewed 
collaborative research in Mali and in Niger as well as took 
part in a training session on quarantine of sorghum and 
maize at Puerto Rico. Dr. Frederiksen also participated in 
the Conference on Durable Resistance to Disease held at 
Wageningen in the Netherlands. Visitors to the program 
included Drs. Ram Thakur and Lewis Mughogho, ICRI-
SAT; Dr. Joseph Mukiibi, Director of Agricultural Research 
in Uganda and IER Director Mamadou Goita from Mali. Dr. 
B.L. Renfro worked in Frederiksen's laboratory as a Visit-
ing Professor during 1991-1992. 

We introduced 198 sorghum lines, mostly from India and 
China with others from Mali through our quarantine green-
house. Seed of these lines were released to the scientists 
requesting the accessions. 

Sorghum virus antiserum was supplied to Australia, Co-
lombia, Ethiopia, Iran and 4 U.S. locations, 

During the visit by Dr. Thakur from ICRISAT, we estab-
lished a new International Anthracnose Virulence Nursery
with ICRJSAT as the coordinator. We will continue as a 

cooperator and principal repository of isolates of Colle-
totrichum giaminicola attacking sorghum, johnsongrass
and related Sorghum s. 

Other Collaborating Scientists 

A. S. Ferreira, EMBRAPA/CNPMS, Caixa Postal 151, 
Sete Lagoas, M. G., Brazil 

T. B. Garud, Marathwada Agricultural University, 
Parbhani 431 402, Maharashtra, India 

Paul Hepperly, USDA-ARS, South Atlantic Area, Tropi
cal Agriculture Research Station, Box 70, Mayaguez, P.R. 
00709 

Mengistu Hulluka, Agricultural Research Center, P.O. 
Box 32, Debre Zeit, Ethiopia 

Godwin Kaula, Mt. Makulu Research Station,Chilanga, 
Zambia 

'3aikabile Motalaote, Agricultural Research Station, Pri
vate Bag 0033, Gaborone, Botswana 

Jesus Narro, Campo Agricola Experimental Bajio, Apdo. 
Postal 113, Celaya, Guanajuato, Mexico 

B. L. Renfro, Visiting Professor, Department of Plant 
Pathology, Texas A&M University, College Station, TX 
77843 

Dharma D. Shukla, CSIRO, Div. Biotech, Parkville 
3052, Victoria, Australia 

Jim Starr, Department of Plant Pathology and Microbi
ology, Texps A&M University. College Station, TX 77843 

Bhola Nath Verma, Sorghum and Millet Coordina
tor/Sorghwm Breeder, Mt. Makulu Central Pesearch Sta
tion, Private Bag 7, Chilanga, Zambia 

Ralph Waniska, Department of Soil and Crop Sciences, 
Texas A&M University, College Station, TX 77843 

Laboratr y supplies were provided to M. Diourte, IER, 
Mali and 1.Kollo, !NRAN, Niger. 
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Dr. Richard A. Frederiksen, Department of Plant Pathology and Microbiology, Texas A&M University, College 
Station, TX 77843 
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Summary 

There are two sorghum genome mapping projects at 
TAMU. We are cooperating with both in attempting to find 
RFLP or RAPD markers associated with traits conditioning 
disease resistance in sorghum. Most of our work to date has 
been on diseases caused by the highly variable pathogens 
Peronosclerospora sorghi, Sporisorium reilianun and 
Colletotrichumgraminicola that cause downy mildew, head 
smut and anthracnose, respectively. At least one gene has 
been mapped for sorghum downy mildew, but is some 
distance away from genomic markers. Crosses between 
susceptible and resistant parents and their respective prog-
eny have been made and are ready for use in screening by 
potential probes. Work on the variability in the pathogens 
(See TAM-124) is closely monitored as a strategy forselect-
ing pathogen isolates to be used in evaluation of host reac-
tion to disease. Even though some pathogen isolates can 
overcome some host resistance genes, these genes can still 
be located by using less ,irulent isolates, 

Research Objectives 

To map the relative location of each resistance-gene-
linked-RAPD marker by using it as a restriction fragment 
length polymorphism (RFLP) probe on an F2 mapping 
population that is already available, 

To identify different genes that confer resistance for each 
disease and genes that potentially provide resistance to mre 
than one disease. 

Research Methods and Project Output 

Downy mildew 

Dr. P.S.B. Gowda is attempting to tag downy mildew 
resistant genes in sorghum with RFLPs and PCR/RAPD 

markers. Five sorghum lines (IS22227, IS22230, SC155, 
SC414, and QL3) resistant and two lines (RTx7078 and 
SC326-6) susceptible to all pathotypes of Peronos
clerospora sorghi and one line (RTx430) susceptible to 
p-thotype 3 were selectd for this study. F2 progenies ob
tained from the crosses of RTx7078 X SC414 and RTx7078 
X QL3 have been grown in the greenhouse. These plants 
were tested for SDM reaction at the seedling stage. The 
healthy susceptible plants were recovered by spraying the 
infected plants with the systemic fungicide metalaxyl. One 
hundred-thirty RAPD primers have been screened with 
DNA extracted from the parental lines. Some of the primers 
amplified unique bands in susceptible or resistant lines. 
Seventy-four polymorphic RAPD loci have already been 
analyzed for cosegregation with the resistance genes. One 
of them was found to be linked to the resistance gene in 
SC414, at 14.9 cM. Genomic DNA (from all the sorghum 
lines) was digested with five restriction enzymes (BamH I, 
EcoR V, Hind III andXba I).A total of 72 probes (16 maize, 
29 sorghum and 27 RAPD fragments) have been screened 
so far. Sixty RFLP loci have been identified between sus
ceptible and resistant parents. F2 segregation analysis of 30 
polymorphic loci revealed that they were not linked to any 
of the resistance genes. Eighty polymorphic loci have been 
noted between susceptible and resistant parents using a new 
set of 100 RAPD primers. The screening of these loci for 
linkage with resistance genes is in progress. Further, segre
gation analysis of remaining RFLP loci is also in progress. 
Additional resistant varieties will be analyzed with the 
linked markers to understand the nature of resistance genes 
in other cultivars and in cultivars resistant to pathotype 1. 
Linked markers will be placed on a sorghum map being 
developed in the Sorghum RFLP program at Texas A&M 
University. The linked markers will be helpful in locating 
the resistance genes on the map, eventually leading to map 
based cloning of these genes. 
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Head Smut 	 inherited in a Mendelian fashion. This technique is used as 
an alternative way for detecting markers that are linked to

Sporisoriun reilianwn, the causal organism of head smut resistance genes. A total of 100 random primers, ten nucleo
in sorghum, is generally found wherever sorghum is grown. tides long, was surveyed between SC325 (R) and RTx7078 
Chemical controls and agronomic practices have not been (S). Amplifications were performed in a Perkin-El
effective in efficiently reducing disease incidence. Resistant mer/Cetus DNA thermal cycler programmed for 45 cycles
cultivars have been used to control this disease, but head of 1 min at 94 C, 1 min at 36 C, 2 min at 72 C, aad 15 min 
smut remains as a potentially important disease because of at 72 C. Approximately 500 discrete products were ampli
the pathogen's variability, fled by the 100 primers tested. The majority of the products 

were identical from both SC325 and RTx7078. However,
The construction of a gethetic map for the sorghum some primers produced fragments that appeared in one but 

genome would provide plant breeders and geneticists with not the other. The polymorphic product was used as a probe 
a more direct method for selecting desirable genes via their for RFLP analysis. When radiolabeled and hybridized to
linkage with easily detectable molecular markers, 	 blots containing parental line DNA restricted with five 

enzymes (BainHI, EcoRI, EcoRV, HindII andXbaI). This
RFLP analysis has recently offered a more rapid ap- probe (OPA13) showed polymorphisms between the paren

proach to generate genetic maps. Construction of an RFLP tals in all restriction digests. In further experiments, OPA13 
map for sorghum is being undertaken to assist breeding polymorphic product segregated in the F2 mapping popula
efforts for head smut resistance and other important charac- tion and was linked with another RFLP marker. Therefore,
ters. If a resistance gene could be tightly linked to an RFLP we are surveying more polymorphic products that have a 
marker, it would be possible to efficiently identify those possibility of linking to disease resistance genes by random 
plants carrying that gene. In order to select parental material primer and bulked segregant analysis.

for a mapping population, RFLPs were identified in four
 
resistant lines (White Kafir or P148770, Lahoma Sudan, Publications and Presentations
 
SC325 or IS2463der., CS3541 or IS3541der.) and four 
susceptible lines (RTx7078 or IS415, SC170-6-17 or Oh, B.-J.,G.-W. Xu, R.A. FrederiksenandC.W. Magill. 1991 Developing
IS12661der., BTx399 or IS 169, BTx623) by using three RFLP markers for sorghum head smut resistance genes: A progress

report A poster presented at: Third Annual Texas Plant Protectionenzymes (EcoRI, EcoRV, HindlIl) and 43 maize genomic Conference, College Station, Texas December 2-4, 1991. 
clones. Of 16 potential crosses using these lines as parents Oh, B.-J., G.-W. Xu, R.A. Frederiksenand C.W. Magill. 1992. Developing
in crosses, the maximum polymorphism detected, 41.9% RFLP markers linked to head smut resistance genes in sorghum. Sor

ghum Newsletter. (In press).(18/43), was between SC325 (R) and RTx7078 (S). As a Xu, G.-W., K.F. Scheitz, C.W. Magill, R.A. Frederiksen, J.E. Mullet and 
consequence of these results, theF 2 population derived from G.E. Hait 1991. Construction of an RFLP linkage Map of Sorghwn
the cross of SC325 and RTx7078 was selected as a mapping bicolor. Agronomy Abstracts. p. 202. American Society of Agronomy,R~x078wastheanros of C32 eletedas amaping Madison, Wisoonsin.Plant Pathogen RFLP Mapping - TAM- 124Apopulation. Resistant and susceptible genotypes of F2 map
ping population were identified by F2 and F3 inoculation 
tests. Inoculation of seedlings with teliospores of S. 
reilianum resulted in brown spots and general chlorosis on 
the frst leaf blade of susceptible genotypes. Hypodermic 
inoculation of sorghum plants (about three weeks oid) with 
sporidia ofS. reilianum caused smutted and sterile panicles 
in susceptible genotypes. By a screening of parental lines 
(SC325 and RTx7078) with 10 maize genomic clones and 
122 sorghum genomic clones, an F2 mapping population 
could be compared with the RFLP linkage map of sorghum. 
No polymorphisms were detected in 2 of the 10 maize 
genomic clones when screened against the parental lines, 
while 8 of the 10 segregated in the F2 mapping population. 
No polymorphisms were detected in 22 of 122 sorghum 
genomic clones, while 61 of 122 segregated. Seven big and 
seven small linkage groups were constructed by F2 segrega
tion analysis. Unfortunately, none of these linkage groups
have been linked to sorghum head smut resistance genes;
therefore, it will be necessary to screen more RFLP markers. 

Recently, a method that employs random primers in a 
PCR to rapidly generate polymorphic markers has been 
developed and should be useful to create a genetic linkage 
map. These polymorphic markers appear as DNA segments
that are amplified from one parent but not the other and are 
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Summary 

Project TAM-125 is developing integrated pest manage-
ment strategies for sustainable serghum production with 
concentration on plant resistance. On-site collaborative re-
search activities take place in Mali. Research in Texas 
contributes to technology development, graduate student 
training, and short-term training. A major effort ismade for 
development of insect resistant cultivars to sorghum midge, 
yel uw sugarcane aphid, greenbug, and panicle feeding 
bugs. In Mali, a third year (of research on panicle-feeding 
bugs of sorghum was completed. Methodology for screen
ing sorghums for panicle-feeding bug resistance has been 
tested. A damage rating scale is being evaluated, and special 
plastic bags to protect panicles from bugs for comparison to 
naturally bug infested panicles have been shown to be 
effective in determining degree of bug susceptibility. 'lese 
subjective ratings, in conjunction with germination trials, 
will allow plant breeders to make better selection decisions 
during progeny selection and line evaluation. This multi-
disciplinary program has been extremely successful. The 
principle collaborator, Dr. Y. Doumbia, was recognized by 
SAFGARD for outstanding research contributions. 

Graduate students from Colombia, Mexico, Malawi, and 
the United States are being trained in entomology. Technol-
ogy transfer has occurred through publications and ex-
change visitation. Collaboration with ICRISAT scientists 
has continued to be very strong. 

Objectives, Production and Utilization Constraints 

Objectives 

Mali sorghum panicle-feeding bug research: In collabo
ration, with Dr. Y. 0. Doumbia, researchers are working to 
develop practical techniques for screening sorghums for 
resistance to panicle-feeding bugs; relate resistance to 
glume, kernel, and grain-texture characteristics; and relate 
panicle-feedingbugabundanceandkerneldamagetopatho
gen infection, grain deterioration and food quality. 

Technology development and student training research: 
The objectives of research conducted in Texas are to provide 
a mechanism for graduate student training programs, iden
tify and evaluate sorghums resistant to insect pests, deter
mine resistance meclanisms, investigate plant-pest 
ecological responses and determine economic injury levels. 
Individual student research program results are reported 
under the Student Training section of this report. 

Constraints 

The role that insect pests play as a deterrent to sustainable 
agriculture is a constraint that must be dealt with in a 
biologically/ecologically sound manner. The negative im
pact of aphids, panicle-feeding bugs, sorghum midge, and 
panicle-infesting caterpillars in traditional farming systems 
is dramatically increased when improvements in agricul
tural production are attempted through breeding and chang
ing cultural practices. Also, the public mandate in the U.S. 
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for safe food, clean wa:er, and wildlife conservation requires
insect pest control strategies that are less dependent on 
insecticides. The species of insect pests that infest sorghum 
vary geographically in intensity and persistence. Sorghum
in different production areas encounter at least one key
insect pest species, and several occasional insect pest spe-
cies. Reducing the severity of these insects requires an 
integrated approach using several control tactics. The Texas 
A&M University Sorghum Entomology project focuses on 
developing insect control technologies applicable to sus-
tainable agriculture systems. The tactics developed and 
evaluated include plant resistance to insects and manipula
tion of cultural practices. Each tactic is supported with 
ancillary insect pest biological and ecological research to 
ensure their proper use and impact in insect pest manage-
ment strategies. The project's approach involves on-site 
collaborative research, complementary U.S. technology de-
velopment activities, and graduate student training. The 
collaborative research in Mali focuses on damage assess-
ment and plant resistance to the sorghum panicle-feeding 
bug complex. Research in the U.S. supports graduate train-
ing programs and involves a holistic approach to identify-
ing, evaluating, and deploying sorghum midge resistant 
sorghums as a component of integrted pest management,
and developing and ,alidating sorglium plant and sorghum 
midge dynamics computer models and developing and 
evaluating greenbug and yellow sugarcane aphid resistant 
sorghums. 

Research Approach and Project Output 

Mali sorghum panicle-feeding bug (Eurystylus margi-
natus) research: The following report of research relative to 
the collaborative sorghum panicle-feeding bug project is 
from Dr. Y. Doumbia's report to the Regional Technical 
Committee from Sotuba. The results of four trials are sum-
maized here. 

In a preliminary evaluation trial at Sotuba, 51 sorghum
lines were assessed for new sources of resistance to damage 
by panicle feeding bugs undernaturalinfestation conditions. 
Of these lines, many were progenies of Malisor 84-7 crosses 
with other genotypes. A Fisher block experimental design 
with two replications was used with entries planted in two,
five meter long rows. Data collected included, panicle form, 
length of glumes, and kernel color. Panicle-feeding bug
abundance was determined from five panicles per plot at the 

milk stage of kernel development. Bug damage and level of 

mold infection were rated. Data also were recorded on 

vitrosity, 1000 kernel weight, germination, and percentage

floating kernels. Comparisons of these parameters were 

made using kernels frorn ranicles that were unprotected
from bugs, and those that were protected from infestation, 
Differences in the level of bug damage occurred among the 
entries (Table 1). bug infestation levels ranged from 25 to 
382 bugs per five panicles. Of the 51 genotypes, 21 had bug
damage ratings of between 1and 2 and they were: Tx9, Tx 1, 
90L 19156-91PR 2560, Malisor 84-7, 90-CZ-CS-TX-I 1, 
Tx17,Tx25,Tx15,TxI4,Tx5,Tx6,Tx23,90L 19254 91PR 

2573 (op), 90L 19134-91PR 2557 (op), 90L 2000 (Malisor
7*SRN39) F2, Txl9, Tx2l, 90L 19225-91PR 2579 (1-5),
90L 19281-91PR 2575, 90L 19282-91PR 2576 (op), 90L 
19037-91PR 2565. Most of these were progenies of crosses 
between Malisor 84-7 and other sorghum lines. These re
suits indicate that the resistance of Malisor 84-7 is transfer
able. Of the 51 entries in the trial, 32 had mold damage
ratings of between I and 2, indicating that over half the lines 
had some resistance to mold infection. The sorghum lines 
with lower levels ofhead bug damage usually had less mold 
damage and higher 1000 kernel weights. 

During the 1989 and 199 0 seasons, preliminary screening
trials were conducted to evaluate 100 sorghum entries for 
resistance to panicle feeding bugs at Sotuba. These 100 
entries contained sorghum lines from the national program,
ICRISAT, and Texas A&M University. From these trials, 8 
lines, plus Malisor 84-7 were selected based on their per
formance and lower levels of bug damage and placed in an 
advanced screening trial. The trial rias conducted in a Fisher 
block design with four replication.; and 5 m long, single row 
plots. Two panicles in each plot were caged at panicle
exertionandatthemilkstage,20adtltmaleandfemalepairs 
of head bugs were introduced into tAe cages. Two panicles 
were protected from infestation using plastic pollinating 
bags, and the remaining panizles were allowed to be natu
rally bug infested. Bug aburdance was determined on five 
panicles, and at grain maturity, bug and mold damage was 
rated, and bugs in cages counted. Bug abundance, bug and 
mold damage ratings, and 1050 kernel weight for the nine 
sorghum lines subjected to natural infestation are shown in
Table 2. Malisor 84-7 and IS27477 were affected least by
head bugs. Malisor 84-7, 87-SB-F4-54-2, B-VAR, and 82-
Select grain dur, were damaged the least by head bugs and 
usually were less mold infected. The differences in 1000 
kernel weight of these sorghum lines when panicles were 
protected versus no protection was also low, indicating a 
level of resistance. Malisor 84-7, 87-SB-F4-54-2, IS21525,
B-VARI, and 82-Select grain dur again show good resis
tance when artificially challenged and support the results 
obtained from natural bug infestations (Table 2). 

A significant issue relative to the panicle-feeding bug
problem is the relationship of bug damage and mold infec
tion. To assess the relative amount of damage caused to 
kernels by bugs and by molds and the amount caused by bug
and molds in combination, an experiment was conducted 
using a susceptible variety ICSV1002. A Fisher block cx
perimental design was used with four replications. The 
treatments compared were application of the fungicide
Benomyl for mold control, protection from bug infestation 
using plastic pollinating bags, protection from mold and 
bugs with fungicide and bags, and natural infestation. Bug
abundance was determined from five pamicles 14 days after 
anthesis. At grain maturity, bug damage and mold infection 
was rated for sorghum receiving each treatment. After har
vest, 1000 kernel weight, kernel vitrosity, percent floating 
kernels and germination were, compared. This experiment 
was conducted in both 1990 and 1991. In 1991, bugs were 
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Table 1. Reaction of different sorghum genotypes to bug and mold damage in 1991 at Sotuba. 

Entry # bugs 
(5 panicles) 

Bug 
damage 
rating 

Mold 
damage 
rating 

Damages 
ratings 

protected 

1000 kernel 
wt. 

infested 

1000 kernel 
wt. 

uninfested 

90-CZ-t.-TX-13 24.0 2.50 1.50 2.50 19.35 21.63 

90-CZ-CS-TX30 (O11184-7/26/1) 40.0 4.50 3.50 3.0 36.30 39.98 

90-CZ-CS-TX15 171.0 1.75 2.50 2.75 17.50 22.20 

90-CZ-CS-TX-9 140.50 1.25 1.50 1.25 18.90 21.50 

90-CZ-CS-TX-26 (Karo-Kollo) 106.50 3.75 3.50 2.50 22.60 26.02 

90-CZ-CS-TX-37 (86-EN-361) 314.0 2.50 2.0 1.25 15.80 21.65 

90-CZ-CS-TX-2 161.0 2.50 1.25 2.0 17.97 22.05 

90-CZ-CS-TX-7 55.0 3.25 1.50 3.0 15.57 24 88 

90-CZ-CS-TX-14 28.50 1.75 1.50 1.25 16.68 18.45 

90-CZ-CS-TX-25 37.50 1.50 2.0 1.25 18.30 17.95 

90-CZ-CS-TX- 17 9C.0 1.50 1.25 1.50 14.55 23.75 

90-CZ-CS-TX-22 225.0 2.50 1.75 2.50 16.82 21.52 

90-CZ-CS-TX-4 143.50 2.75 1.0 1.25 17.80 22.63 

90-CZ-CS-TX-I0 106.50 2.50 1.25 1.25 17.70 24.48 

90-C7-CS-TX-38 126.50 3.25 1.50 1.0 17.15 27.20 

90-CZ-CS-TX-20 70.50 2.50 1.0 1.50 16.03 21.53 

90-C7-CS-TX-36 120.50 3.0 3.25 3.0 22.65 20.25 

90-CZ-CS-TX- 19 32.0 2.0 1.68 1.0 14.10 11.68 

90-CZ-CS-TX-20 88.0 2.0 1.0 1.25 13.62 20.35 

90-CZ-CS-TX-24 163.50 2.50 1.75 1.75 16.32 21.75 

90-CZ-CS-TX-12 185.50 2.50 1.25 1.75 17.82 22.48 

90-CZ-CS-TX-18 67.0 3.0 1.0 1.0 19.25 21.45 

90-CZ-CS-TX-3 85.0 2.50 1.0 2.0 16.82 24.30 

90-CZ-CS-TX-5 148.0 1.75 1.25 1.0 19.53 24.38 

90-CZ-CS-TX-8 249.50 2.75 1.50 2.50 15.43 20.90 

90-CZ-CS-TX-11 124.0 1.50 2.0 1.25 22.63 30.35 

90-CZ-CS-TX-16 42.0 2.50 2.25 2.25 16.93. 21.90 

90-CZ-CS-TX-27 171.50 4.25 4.0 4.0 18.67 26.05 

90.CZ-CS-TX-23 116.50 1.75 1.75 1.75 14.70 18.02 

90-CZ-CS-TX-6 177.0 1.75 2.0 2.25 17.75 19.90 

90-CZ-CS-TX-1 83.0 1.25 1.75 1.50 20.57 21.70 

90L 19090.91 PR 2564 (4-7) 125.50 2.25 1.75 1.50 18.60 25.28 

90L 19140-91 PR 2566 (2-5) (7-9) 86.0 2.50 3.25 2,50 17.27 19.27 

90L 19156-91 PR 2560 218.50 1.25 2.0 2.75 15.47 19.05 

901 19164-91 PR 2562 71.50 2.25 2.25 2.0 15.95 19.18 

90L 19225-91 PR 2579 (1-5) 109.50 2.0 2.75 3.0 15.38 18.05 

90L 19239-91 PR 2570 (opq) 116.0 2.50 2.0 1.75 16.60 17.90 

90L 19254-91 PR 2573 (op) 285.50 1.75 1.25 1.0 16.13 19.05 

90L 19281-91 PR 2575 185.50 2.0 3.0 2.75 16.43 21.22 

901 19282-91 PR 2576 (op) 171.50 2.0 2.0 2.0 16.25 20.88 

90L 19134-91 PR 2557 (op) 198.50 1.75 2.0 1.50 14.47 24.63 

90L 19154-91 PR 2559 252.0 2.75 1.25 1.50 17.63 21.55 

90L 19240-91 PR 2571 263.50 4.0 1.75 1.25 22.28 28.13 

90L 19232-91 PR 2580 (op) 128.50 3.0 1.50 1.25 18.80 21.73 

90L 19037-91 PR 2565 197.50 2.0 1.50 1.75 17.03 24.20 

90L 19023-90 LI 9023 (op) 172.50 2.75 1.0 2.0 16.58 23.35 

901 19178-90 L 19178 (op) 382.0 2.50 1.25 1.50 16.93 25.17 

(Malisor 84-7"SRN 39)F 2 - 90L 2000 150.0 1.75 1.50 1.75 21.75 23.65 

IPS-001 35.0 3.0 1.0 1.0 21.17 27.95 

Malisor 84-7 121.50 1.50 1.0 1.0 18.60 19.22 

90-CZ-CS-Fr-20(CSVIO63xMaIisor84-5)5-2 154.0 3.75 1.0 1.50 18.20 26.22 

N 139.69 2.4011S 1.7811S 1.83S 1811S 22.5311S 

SE 10.16 0.09 0.09 0.09 0.38 0.48 

CV 68.08% 25.74% 41.76% 42.81% 13.52% . 16.40% 
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Table 2. Evaluation of selected sorghum lines for resistance to bi,,.s and molds using natural infestation. 
# of bugs Bug damage Mold damage 1000 kernel 1000 kernel

Varieties (5heads) rating rating weight wt. (proected) 

Natural Infestation 
Malisor 84-7 21.75A 1.0E 1.88ABCD 3.52BC 4.03DE 
87-SB-F4-54-2 87.25B 1.88CDE 2.13ABC 3.25BCD 5.02B 
IS-16-357 155.OAB 3.88A 1.25D 3.47BC 4.84BC 
IS21468 62OB 2.75BC 2.63A 3.04CD 3.46E 
IS21525 61.25B 2.50BCD 1.50CD 3.16B 4.57BCD 
IS27477 28.25A 3.25AB 1.63BCD 4.55A 6.63A 
R-6078 77.0B 2.50BCD 2OABCD 2.89D 4.25CD 
B-Varl 68.0B 1.63DE 2.38AB 2.84D 3.54E 
82-Select grain dur 67.50B 2.50A1.OE 3.13BCD 3.51E 
P.O.05 Its its Its HS HS 
CV 88.64% 25.12% 23.61% 9.63% 9.48% 
Mean 97.889 2.264 1.986 3.366 4.486 

Artificial Infestation 
Malisor 84-7 51.25B 1.OD(8) 2.13BC 3.46D 
87-SB-F4-54-2 52.25B 2.63BC(8) 2.50AB 4.1OBC 
IS-16-357 237.50A 4.50A(20) 2.63AB 3.67BCD 
IS21468 51.01 3.13B(17) 1.15C 3.21D 
IS21525 146.25B 2.25C(2) 3.25A 4.17AB 
IS27477 226.50A 4.OA(19) 3.OAB 4.67A 
R-6078 62.25B 4.13A(16) 2.38AB 3.60CD 
B-Varl 51.50 2.OC(17) 2.75AB 3.48D 
82-select grain dur 55.75B 1.25D(6) 3.13AB 3.23D 
P,0.05 Its ItSHS HS
 
CV 63.84% 17.12% 24.83% 9.4% 
Mean 103.206 2.764 2.556 3.733 

Table 3. Bug abundance and bug and mold damage to sorghum protected or unprotected from bugs and molds. 
# of bug (panicles) Bug damage rating Mold damage rating 1000 grain weight Plot weight 

Treatments 1990 1991 1990 1991 1990 1991 1990 1991 1990 1991 
Fungicide protected 21.25B 213.0A 2.45B 3.85B 1.85B 2.04B 21.14A 25.74C 2.12 3.35B 
Plastic bag protected 24.75B 126.75B L.OC LOC 1.05C 2.05B 22.34A 33.71B 2.75 3.86A 
Fungicidelplastic 

bag protected 47.75A 129.25B L.OC L.OC I.IOC 1.95B 22.0A 36.68A 2.57 3.81A 
Natural infestation 37.25AB 129.7B 2.90A 4.60A 2.64A 3.45A 20.65A 25.41C 2.40 2.57C 
P= 0.05 S ItS Its Its Its S Its HS HS Is 
CV 37.10% 17.44% 11.22% 5.74% 19.26% 25.04% 16.51% 4.81% 29.76% 5.92% 
Mean 32.750 149.68 1.83 2613 1.66 2.462 21.53 30.38 2.46 3.39 

more abundant than in 1990 (Table 3), with a mean infesta- A final experiment was conducted to identify a simple 
tion level of 150 and 33 bugs per five panicles, respectively. screening technique to evaluate resistance/susceptibility to 
Bug abundance in the treatm, nt plots was about equal, of panicle-feeding bugs. The treatments included protecting a 
course there were no bugs on bagged panicles. Panicles that few panicles of a susceptible sorghum variety and compar
received no protection from bugs or molds were damaged ing damage to panicles that were naturally infested. The 
more severely than panicles that were protected from bugs. ICSV variety was used. Methods used to protect panicles 
The application of a fungicide only slightly lowered the frori bugs included the application of the insecticide diazi
level of damage. These data indicate that based on visual non and protection fior bug infestation using constructed 
damage ratings, bugs cause more damage than mold. Pro- cages or plastic pollinating bags. Protection from bugs pro
tecting panicles from bugs resulted in kernels with higher vided the opportunity to compare damage to panicles from 
kernel weights than those that were not protected from bugs a natural infestation to panicles that were uninfest'.d and 
and those protected from molds but not bugs (Table 3). A undamaged. Bug abundance was determined from five pan
similar trend was shown forpanicle weights. Also, there w,s icles per plot, 14 days after anthesis. At maturity, bug 
a significant correlation between bug damage and mold, and damage was rated. After harvest, 1000 kernel weight, vitros
between bug damage, mold incidence, kernel weight, and ity, floatation and germination were determined and com
panicle weight. pared among treatments. The constructed cages and plastic 
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Table 4. Comparison of the bug and mold damage to grain protected with insecticide cages or bags and grain 
subjected to natural infestation, 1991. 

Treatments 
Insecticide protected 

Cage protected 
Plastic bag proL-cted 

Natural infestation 

P = 0.05 

Mean 

Bug damage Mold damage Panicle 1000 kerml 
rating rating weight weight 

1.95B 2.05B 4.69A 31.55A 

1.OOC 2.17B 3.01C 30.68A 

1.00C 2.07B 3.61B 30.71A 

4.05A 3.65A 2.90C 31.07A 

HS HS HS HS 

9.43% 17.48% 7.79% 8.29% 

2.00 2.48 

pollinating bags provided the best protection from bug 
damage (Table 4). Insecticide application reduced the level 
of damage compared to no protection from bugs but was less 
than with cages or bags. Mold incidence was about the same 
on panicles that were protected from bugs by any of the 
methods used compared to no bug protection. Panicle 
weight was greatest for panicles protected using insecti-
cides, indicating some level of control of othem insect pests 
not influenced by cages or bags. Weight of 1000 kernels did 
not differ among the treatments. From these data, it seems 
practical to use cages or bags over a few panicles to compare 
with panicles that are :,wturally infested. Breeders could 
easily use this procedure to evaluate breeding material. 

Technology Support and Student Training Research: The 
following are summaries of the results of graduate student 
research projects associated with INTSORMIL, or are sum-
maries of technology development that support intema-
tional research collaboration. 

Technology Development 

Confirmation of a new greenbug biotype (biotype I) has 
resulted in an increased effort to identify resistant 
germplasm. Twelve exotic sorghum lines, from the Soviet 

Commonwealth, Syria and China, identified by the Ne-

braska Sorghum Breeding Program as possible biotype I 

resistant were screened under controlled greenhouse condi-

tions. The experimental lines along with biotype E greenbug 
resistant and susceptible check lines were grown together in 
plastic germination flats. BiotypeTgreenbugs were obtained 
and cultured on a commercial sorghum hybrid and then 
transferred onto the plants in the flats at a rate of 6 to 10 per 
plant. Plant infestation was initiated two days after plant 
emergence and visual plant injury ratings were made nine 
days after infestation when both check lines were either dead 
or exhibiting severe plant necrosis. Based on plant damage 
ratings, two lines, P1550610 and P1550607, were found to 
be highly resistant while four others exhibited moderate 
levels of resistance (Fable 5). Back-crosses to elite biotype 
E resistant parent lines were made and will be screened. 

Selections for resistance to sorghum midge were made 
among agronomically improved segregating germplasm 
lines that had been advanced two generations using Puerto 
Rico winter nurseries. Elite sorghum midge resistant lines 

3.55 31.00 

and parent lines in hybrid combination were evaluated at 
College Station. Excellent progress in developing accept
able sorghum midge resistant hybrids continue- to be made. 
Advanced generation A-lines appear to hold promise for 
making significantly improved resistant hybrids. New con
verted exotic sorghum lines were screened and several lines 
were considered to be potential new sources of sorghum 
midge resistance. introgression of different gene sources to 
elevate the resistance level continues to be made. Plans are 
to release another group of sorgh;'.m midge resistant parent 
lines in the near future. 

Table 5. Biotype I greenbug resistance in sorghums. 
Sorghum Pl# Origin Damage rating 

550585 Soviet Commonwealth 7.9a 

550607 China 1.Sab 

550610 Syria 1.Cb 

550614 Soviet Commonwealth 5.Sab 

550615 Soviet Commonwealth 3.8ab 

550629 Soviet Commonwealth 4.Sab 

550629 Soviet Commonwealth 5.8ab 

550631 Soviet Commonwealth 6.3ab 

550636 Soviet Commonwealth 6.0ab 

550637 Soviet Commonwealth 5.Sab 

550640 Soviet Commonwealth X 

6.Oab550685 Soviet Commonwealth 

TX2783 (Biotype E Resistant Line) 9.0A 

RTx430 (Biotype E Suceptible Line) 9.0a 

Student Training 

Bonnie Pendleton, Ph.D. student from the U.S.: Data on 
the population dynamics of the sorghum midge in relation 
to the anthesis of sorghum were used to validate and refine 
a model to simulate sorghum midge development. Greater 
understanding of, and ability to predict sorghum midge 
population dynamics in relation to the development and 
location of sorghum would improve sorghum midge man
agement capabilities. Sorghum hybrid and length of panicle 
accounted for 47.8% of the variability in the number of 
spikelets per panicle. Longer panicles required 8 days to 
complete anthesis. Most spikelets were susceptible to sor
ghum midge ovipositioa on days 3-4 of anthesis. Most 
spikelets in a field were in anthesis on days 7 and 8.A model 
to simulate sorghum midge population dynamics was for
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mulated by combining a temperature-dependent 
poikilotherm development model, a temperature-inde-
pendent distribution ofsorghum midge development times, 
a distribution of abundance ofsorghum spikelets in anthesis 
in a field, and assessments ofdaily abundance ofovipositing 
sorghum midges. The model was used to accurately predict 
sorghum midge emergence and occurrence of generations.
Sorghum midge generation time ranged from 15.8-20.5 
days. Abundance incle&led from no, or few, ovipositing 
sorghum midges in May to a maximum in mid-July. The 
static economic threshold density of one ovipositing sor-
ghum midge per panicle in anthesis was estimated to be 
exceeded on 27 June, during the last days of the season's 
third generation of sorghum midges. Wind was the primary 
determinant of the direction and probably distance of dis-
persal of sorghum midges. The prevailing direction of morn
ing winds in the Brazos River Bottom shifted from south 
southeast in May to south southwest in August. Most sor-
ghum midges trapped during late July and August dispersed 
toward the northwest, but some dispersed aga. bt the pre-
vailing wind direction and toward nearby sorghum. Sor-
ghum midges were trapped 400 mn from where they had 
emerged. The maximum altitude that sorghum midges trav-
ersed in passively dispersing between sorghum fields was 
not determined. 

Doug Jost, M.S. student from the U.S.: In cooperation
with Temple TAES scientists, research was conducted to 
validate a sorghum midge component of the sorghum crop
growth model, SORKAM. Validation required sampling 
sorghum midge abundance and distribution, damage and 
yield loss. Incorporation of the sorghum midge component 
into SORKAM will allow prediction of the initial emer-
gence of sorghum midges, abundance increases, and sor-
ghum yield loss. Validation required collecting data for two 
years in Nueces and Hill counties. Nine sorghum fields in 
each county with t'ree planted early, normal and late were 
used for data collection. A CR-21 weather station recorded 
daily precipitation, minimum and maximum temperatures,
and solar radiation. Data on field location, previous crop, 
sowing date, and variety were obtained from participating
farmers. Sorghum midge abundance in 1991 was consider-
ably higher than in the previous year and yields were higher
largely due to more annual rainfall. Field parameters re-
quired to execute SORKAM were incorporated into the 
model. The observed data were then compared to 
SORKAM'S predictions. Initial comparisons indicated that 
further modifications to the model were needed. Data from 
nine of the 36 fields were selected to refine the model. 
Modifications of the model included lowering initial 
johnsongrass densities. he model was then reevaluated and 
further modifications of SORKAM were made. Although
the model still requires refinement, close approximation 
between observed and predicted values are being recorded, 
Statistical analysis remains to be conducted. 

Ricardo Magallanes, Ph D. student from Mexico: Differ-
ential feeding behavior and survivorship of sorghum midge 
infesting resistant and susceptible sorghum were reevalu-

ated. Two sorghum midge susceptible sorghum lines 
(RTx430 and RTx7000) and three resistant lines (RTx2782,
RTx2767 and RTx2890) were used for comparison. At 
anthesis, floret samples were taken every other day until 
physiological kernel maturity. Florets chosen were dis
sected to record number and location of immature stages of 
sorghum midges. Sample size was increased to help reduce 
dnta variability and an effort was made to account for 
differences in plant development. Data collected included 
life cycle length, egg location and rate, larval feeding site in 
the floret, and sorghum midge survivorship. Also recorded 
was rate of female sorghum midge floret visitation, and 
subsequent grain yield. Seasonal behavior patterns were 
also investigated and will be related to sorghum midge 
feeding behavior. 

Nora Jimenez, M.S. student from Colombia: Currently, 
the resistance level of sorghum midge resistant sorghum
hybrids is not high enough to prevent damage when sor
ghum midge abundance is high. The resistance has been 
categorized as nonpreference for oviposition. An approach
similar to using multilines, where sorghum midge resistant 
and susceptible hybrids were planted in mixture, was used 
to enhance the nonpreference resistance by providing the 
insect a choice of a susceptible host. Mixed plantings in 
different proportions of resistant and susceptible plants of 
100% resistant to 100% susceptible in 10% increments were 
made at College Station and Corpus Christi. Based on mean 
number of sorghum midges per panicle, kernel damage
ratings, and per panicle and combined plot yields, the mixed 
plantings did not consistently enhance the nonpreference
resistance. Per panicle yield of the resistant hybrid in one 
experiment tended to increase as the composition of suscep
tible plants in the mixture increased. However, per panicle
yield increases of the resistant hybrid were not significantly 
elevated when grown in mixture with a susceptible hybrid 
over when it was grown alone. Combined yields of the 
resistant and susceptible hybrids when grown in mixture 
were not significantly greater than when the hybrids were 
grown alone. The results suggested that the resistance was 
not due to nonpreference. The nature of the resistance to 
sorghum midge was assessed in field and laboratory experi
ments at College Station by comparing the time of flowering
during the day of the resistant and susceptible hybrids with 
the abundance of sorghum midges. The date revealed an 
asynchrony between when the resistant hybrid flowered 
(2400 to 0600 h) and when sorghum midges were present
and ovipositing (0820 to 1400 h). Flowering of the suscep
tible hybrid coincided with the presence of female sorghum 
midges. Tracking 103 females on spikelets of the resistant 
and susceptible hybrids from 0930 to 1500 h in the field 
showed that ovipositional success wassignificantlyaffected 
by genotype, part of day (morning or early afternoon), and 
time periods (0930 to 1000 h,1000 to 1200 h, 1200 to 1400 
h, 1400 to 1500 h). There was also a genotype by part of day
interaction. Probabilities of ovipositional success due to 
genotype were 0.35 and 0.55 for the resistant and susceptible 
hybrid, respectively. Ovipositional success of sorghum 
midges on the resistant and susceptible hybrids decreased 
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through time (0.39,0.26,0.55, and 0.56 during the morning 
and early afternoon for the resistant and susceptible hybrids, 
respectively). The frequency of oviposition for sorghum 
midges on the resistant hybrid declined from 0.50 between 
0930 and 1000 h to 0.0 between 1400 and 1500 h, compared 
to that ofsorghum midges on the susceptible hybrid that was 
0.57 from 0930 and 1000 h,and 0.41 between 1400and 1500 
h. The resistance appeared to be host evasion (asynchrony 
of flowering and presence of sorghum midges), and age 
resistance (ovipositional success declined in time after 
spikelet flowering). 

Anderson Paliani, M.S. student from Malawi: Green-
house screenin- trials using visual damage rating of seedling 
sorghum plants confirmed that P1457709 and P1453951 are 
moderately resistant to yellow sugarcane aphid when com-
pared to a susceptible standard check, Tx430. These sor- 
ghum lines were more resistant to yellow sugarcane aphid 
in the very early seedling stage (4-10 cm) than at later 
seedling stage (18-35 cm) when plants were infested with 5 
or 10 aphids per plant (Table 6). When early-stage seedling 
plants were infested with 20 aphids per plant, all plants of 
the resistant lines were killed within two weeks. Nonprefer-
ence was shown not to be a major resistance mechanism of 
the resistant lines. Based on plant growth, the two resistant 
lines showed a greater level of tolerance to yellow sugarcane 
infestation than susceptible standard check sorghum lines 
and uninfested plants. Antibiosis was shown to exist and is 
a component of resistance and affects survival and progeny 
production. 

Roger Anderson, Research Associate: An ongoing ex-
periment to determine optimal frequency, interval and times 

of day for insecticidal applications for remedial integrated 
pest management of sorghum midge on sorghum was con-
ducted. Insecticide applications begun during the mid (50%) 

to latter (75%) stages of panicle anthesis resulted in less 
damage and higher grain yields than when applications were 
made prior to these anthesis levels. Optimal hourly insecti-

cidal treatments for control of sorghum midge resulted from 
treatments applied during the early to mid-mroming hours 
(0600-1000). Another experiment was conducted to evalu-
ate the effectiveness of applications of various "oil-only" 
treatments for control of sorghum midge. Grain yields and 
kernel damnage data indicated that treatments of cottonseed, 

corn, soybean, peanut, and canola oils resulted in significant 
increases in yield and reductions in damage when compared 
to untreated sorghum. 

Networking Activities 

Research Investigator Exchanges 

Ten LDC scientists visited the sorghum entomology 
program at Texas A&M University. Mrs. Niamoye Diarisso 
Yaro completed a written report based on the three months 
during the summer spent at Texas A&M University for 
short-term training. Her research project was to characterize 
flowering and grain tilling properties of a set of diverse 

sorghum lines. Mrs. Yaw will return to Texas A&M Uni
versity for a Ph.D. degree in entomo' .',y.George L. Teetes 
traveled to Mali to review research progress on panicle
feeding bugs. The collaborative research conducted in Mali 
is reported in a earlier section in this report, and is further 
described in the Mali Country report. A major effort is 
needed to publish the Mali panicle-feeding bug research 
results in a refereed jounal. 

Germplasm and Research Itfor;nation Exchange 

Seed requests were received from ten LDC scientists, and 
these were forwarded to Dr. Gary C. Peterson. Publication 
reprints or copies related to sorghum entomology were sent 
to 19 LDC scientists. Research supplies aii equipment were 
sent to Mali to support on-site research activities. Material 
for cages, bags to cover panicles, insect collecting supplies, 
insect preservation supplies, computer software, and other 
research related supplies were provided. 

important collaborative linkages were maintained with 
Dr. K. F. Nwanze, Principle Cereals Entomologist ICRI-
SAT, Patancheru P.O., Andhra Pradesh 502 324, and Dr. 
Klaus Leuschner, Entomologist, SADCC/ICRISAT South
em Africa Sorghum/Millet Improvement Program, P.O. 
776, Bulawayo, Zimbabwe. 

Publications and Presentations 

Publications 

Teetes, G.L., M. J.Scully. and G. C. Peterson. 1992. Partial Life tables for 

corn earworn (Lepidoptera: Noctuidae) on compact- and loose-panicle 
sorghum hybrids. J. Econ. Entomol. 85: 1393-1401. 

Merchant, M. E. & G. L. Teetes. 1992. Evaluation of selected sampling 
methods for panicle-infesting insect pests of sorghum. J. Econ. Ento
mol. (In press). 

Merchant, M. E. & G. L. "Iectes. 1992. Attitudes and perceptions of Texas 
sorurn producers and pest control advisors concerning IPM and insect 
sampling. J. Econ. Entomol. (Submitted) 

Anderson, R. M. & G. L. Tectes. 1992 Evaluation of insecticide application 
timing, intervals and frequency for control of sorghum midge in sor
ghum. Tex. Agric. Exp. Stn. PR-0000. 6pp. (Approved for publication) 

Presentations 

Teetes, (3. L. 1991. Insect Resistance in Sorghums: Successes and Needs 

for Improved Conmmication for Development and DeploymenL En

tomological Society of America Section F Symposium, Interdiscipli
nary Communication and Cooperation in Plant Resistance to Insects. 

December 8-12, Reno, NV. 

Teetes, G. L. 1992. Insect Resistant Sorghums in IPM. Southwestern 
Branch of the Entomological Society of America. February 10-12. 
Tulsa, OK. 

Teetes, G. L. 1992 The Role of Plant Resistance in Providing Safe 
Food/Fiber and a Safer Environment Plant Resistance to Insects Work
shop Symposium. February 23-27. Indianapolis. IN. 

Teetes, G. L. 1992. Integrated Pest Management: What is the Next Step? 
Mississippi State University, Entomology Department Seminar. March 
27, Mississippi State, MS. 
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Table 6. Yellow, 'jqarcane aphid plant resistance evaluation. 

Screening lxperiment 

Snrghuitn n' damage ratinps +sd 
Tx430 7.5 ± 0.99a 

P1453951 6.3 ± 1.06b 
P1457709 6.5 ± 1.19b 

# A bl& 
15 7.1 ± 0.99a 

10 6.9± 1.lla 
5 6.3 ± 1.36b 

Elant kigLcm) 
18-35 7.1 ± 1.12a 
6-12 6.8± 1.30a 

2-8 6.3 ± 1.05b 

Tolerance 

SntzhiurnJIn !.PlantiJjght (CM)
P1457709 33.8 ± 6.12a 

Control 35.9 ± 4.84a 
P1453951 29.3 ± 9.26ab 
Control 30.4 ± 10.26ab 
Tx430 24.3 ± 6.60b 
Control 27.4 ± 4.0.ab 

Preference 

Number of Aphids 
Sorghun line 24h 48h 72h 
Tx430 6.9 ± 2.79a 7.4 ±3.29a 7.9 ± 3.36a 
P1457709 5.4 ± 3.16a 5.4 ± 3.07a 6.3 ± 3.1 la 
P1453951 5.9 ± 2.42a 6.0 ± 2.56a 7.5 ±2.33a 

Antibiosis 
Sorghum line Adult longevity Nymphipositional period Fecundity Mean progeny/day 
TX430 33.1 ± 4.23a 20.8 ± 5.25a 15.3 ± 5.23a 0.8 ± 0.37a 
P1453951 31.6 ± 5.02a 20.2 ± 4.39a 13.8 ± 4.69a 0.7 ± 0.43a 
P1457709 31.3 ± 2.75a 19.9 ± 3.12a 12.6 ± 6.46a 0.6 ± 0.25a 
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Biological Control Tactics for Sustainable Production of Sorghum
 

Project TAM-125
 
Frank E. Gilstrap
 

Texas A&M University
 

Part 1- A
 

Principal Investigator 

Dr. Frank E. Gilstrap, Department of Entomology, Texas A&M University, College Station, TX 77843 

Collaborating Scientists 

Dr. Gerald Michels, Professor, Texas Agricultural Experiment Station, Amarillo TX 79106 
Dr. K. Andrews, Entomologist, Escuela Agricola Panamericana, El Zamorano, Honduras. 
Dr. D. Meckenstock, INTSORMIL Plant Breeder, Escuela Agricola Panamericana, P.O.B. 93, Tegucigalpa, 

Honduras. 
Dr. J. Bentley, Anthropologist, Escuela Agricola Panamericana, El Zamorano, Honduras. 

Summary 

In Honduras, the project identified Mr. Jose Monroy as a 
prospective graduate student for entomology biological 
control at Texas A&M University, and conducted a short 
term training program for Mr. Monroy at Texas A&M 
University. We also completed program planning for Mr. 
Monroy's thesis research that will be conducted in Hondu-
ras, and will manipulate Solenopsis ants and a Doru earwig 
for biological control of fall armyworm. Research on green-
bug induced alterations in nonstructural carbohydrates in 
grain sorghum was an adjunct to biological control research 
on greenbugs, and focused on greenbug effects at the seed-
ling, vegetative and reproductive growth stages grown in the 
laboratory, greenhouse and field. These experiments dem-
onstrated that greenbug feeding initially increases the con
centration of non structural carbohydrates (NSC) in selected 
parts ofsorghum plants, then creates a nutrient sink near the 
feeding site that draws NSC from other plant parts. 

Research characterized imported and naturally occurring 
strains of Aphelinus varipes and Diaeretiella rapae, and 
dealt with local and exotic strains of each parasite. Within 
species, these strains are morpholcgically inseparable but 
have subtle differences in biology. The work is charac-
terizing nonmorphoi ,gical taits to separate exotic and in-
digenous strains. For A. varipes, results indicated that host 
preference alone cannot separate strains. The mating behav-
ior ofA. varipes strains was identical inall seven A. varipes 
strains, and that pre-zygotic reproductive isolation has not 
occurred between strains. Examination of reproductive iso-
lation began during the summer of 1992, and should be 
completed by the end of fall 1992. Mummified host remains 
of all seven strains were similar. Results of standard, hori-
zontal starch gel electrophoretic techniques suggest that the 
allele for PGI in the Texas strain of A. varipes is fixed, 
possibly due to an initial geographic isolation. For D. rapae, 
pre- emergence mortality occurred in all parasite strains 
tested on black-margined pecan aphid, and none of the 

strains successfully parasitized yellow sugarcane aphid. 
Only the Syrian strain parasitized the cotton aphid, and only 
the Jordan and Spain strains parasitized yellow pecan aphid 
and crepe myrtle aphid, respectively. In isozyme starch gel 
electrophoresis, fourofsixgelsshowedcleardarkbandsand 
adequate mobility to effect band separation for the Russian 
and Washington strains. Dissections of aphid mummies 
were performed for the seven strains of D. rapae. 'Though 
significant differences were found in mean numbers of 
meconial pellets recovered from the Russia and Syria 
strains, mummy coloration, exit hole shape and location, 
shape of meconiaand location of clusters of meconial pellets 
showed little value as singular diagnostic characters. 

Objectives, Production & Utilization Constraints 

Objectives 

Honduras fall armyworm research: Objectives of this 
collaborative work are to assess the efficacy of natural 
enemies that may be usefal for biological control of stem 
borers, fall armyworms and other pests of sorghum in Cen
tral America; and to optimize implementation of effectiv 
biological control for pests of sorghum crops. 

Technology development and student training research: 
The objectives of research in Texas are to provide graduate 
level training programs, develop strategies for implement
ing biological controls insorghum and millet, test strategies 
for implementing biological control in annual crop ecosys
tems, investigate plant-pest-natural enemy ecology and as
sess potential of natural enemies as biological control agents 
for sorghum and millet pests, and optimize integration of 
effective biological controls with local crop protection and 
production needs. 
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Constraints and focused on greenbug effects at three plant giowth stages.
 
Experiments were conducted on plants in the seedling,
 

The insect pests of sorghum and millet addressed in this vegetative and reproductive growth stages grown in the
 
research are key pests and constraints to production in the laboratory, greenhouse and field. High performance liquid

U.S. and Honduras. Annual crops such as sorghum and chromatography was used to measure concentrations of 
millet sustain damage and control costs from infestations of fructose, glucose, sucrose, fructan, and starch in greenbug
key pests such as aphids, army worms, and panicle feeding infested and uninfested sorghum plant samples. For labora
lepidoptera. These costs are variables that must be managed tory grown seedlings, greenbug feeding increased glucose
each year. Ideally, each pest is managed with ecologically and starch concentrations in the shoots. Also, greenbug
sound practices. To be most effective, these practices seek infestations reduced shoot length, shoot fresh weight, shoot 
to optimize the sustainability of the cropping ecosystem. dry weight, root fresh weight, and root dry weight (df=3,
Detailed ecological understanding of pests and their natural P<0.05). Greenbug honeydew consisted of 58% polysac
enemies is key to a sustainaule pest management strategy, charides (DP3), 18% fructose, 12% sucrose and 12% glu
especially during times of year when pests occupy noncrop cose; accounted for an 18% reduction in shoot dry weight
portions of the agroecosystem. The project's approach in- and represented 78% of the difference in total (NSC) in 
volves on-site collaborative research, development of corn- greenbug-infested versus uninfested plants. Greenbug in
plimentary U.S. technology, evolution of necessary theory, fested seedlings grown in the field and greenhouse had 
and graduate student training. The collaborative research in greater concentrations of NSC in shoots and reduced con-
Honduras seeks to implement biological control of the fall centrations in roots. A regression analysis ofseedling plants 
armyworm, and in the U.S. to implement biological control from field studies showed that increasing greenbug density
of aphids. Research in the U.S. provides a platiorm for caused sucrose to increase in shoots (slope=5.78 ug per
training graduate students, evolving theory and concepts to greenbug, P=0.012, R2-0.98), and starch to decrease in the 
implement biological controls in Central America, concep- roots (slope=-7.15 ug per greenbug, P=0.013, R2=0.98). In 
tualizing and defining functional ecosystems of pests, de- vegetative stage plants, greenbugs caused an increase in
veloping methodologies for measuring the actual and total concentrations of NSC in roots. Increasing greenbug
potential impacts of natural enemies, and validating results densities on vegetative stage plants caused deficiencies in 
of biological control when implemented. the shoots before deficiencies occurred in roots. Vegetative 

plants responded to greenbug feeding differently than seed-
Research Approach and Project Output ling and reproductive plants in that low greenbug feeding 

pressure caused an increase of NSC concentrations in the 
Honduras fall armworm research. My travel infall 1991 roots, away from the feeding sites on the shoots. On repro

to Honduras identified Mr. Jose Monroy as a prospective ductive plants, greenbugs were confined to the third leaf 
graduate student of entomology and biological control at below the panicle. Greenbug-infested plants had greater
Texas A&M University. During early 1992, we developed concentrations of total NSC in the infested leaf; whereas, 
a short term training program for Mr. Monroy at Texas samples of uninfested leaves above and below the infested 
A&M University. Mr. Monroy arrived in February 1992, leaf, peduncles and roots showed reduced concentrations of 
and remained until June 1992. DL ing his stay, Monroy was NSC. Generally, these experiments demonstrated that 
paid a stipend from TAM-125, received special training in greenbug feeding initially increases the concentration of 
culturing and conducting research on natural enemies, and NSC in sorghum plants, then creates a nutrient sink near the 
audited several graduate level courses. Mr. Monroy per- feeding site that draws NSC from roots of seedling plants
fected his fluency in English by working in the project and other leaves of reproductive plants. Greenbug feeding
laboratory, and he took the TOEFL before returning to depleted NSC in all three growth stages, and may help to 
Honduras. Monroy contemplates beginning a M-ster of explain why greenbug damaged plants often exhibit a de-
Science degree at Texas A&M University inthe fall of 1993. layed recovery after aphids are removed. 
In August 1992, I went to Honduras and worked with Mr. 
Monroy, and Drs. Cave, Andrews and Bentley to complete (b) Characterizing Imported and Naturally Occurring 
program planning for Monr,-y's thesis research. Monroy's StrainsofAphelinus varipes andDiaeretiella rapae, Impor
research will be conducted in Honduras, and will examine tant Parasites of Aphids on Small Grains. The parasites,
the practical manipulation of Solenopsis ants and a Doru Aphelinus varipes (Hym.: Aphelinidae) and Diaeretiella 
earwig for biological control of fall arnyworm. TAM- 125 rapae (Hym.: Aphidiidae), have recently been imported for 
will pay a graduate research assistantship to Mr. Monroy, biological control of aphids on small grains. Both species
and will pay for associated research c.penses. are nearly cosmopolitan in distribution. Exotic strains of A. 

varipes were .mported and cu!,.ured from Greece, Iraq,
Technology development and student training research. Germany, Turkey, and the former U.S.S.R.; and indigenous

(a) Greenbug Induced Alterations in Nonstructural Carbo- strains were cultuied from Texas and Idaho. Exotic strains 
hydrates in Grain Sorghum. The goal of this research was of D. rapae were imported and cultured froio Greece, Jor
to determine if grecnbugs create a nutrient sink at the feeding dan, Pakistan, Russia, Spain, and Syria; and an indigenous
site that competes with other plant nutrient sinks. This work strain was cultured from Washington. Within a species, 
was an adjunct to biological control research on greenbugs, these strains are morphologically inseparable. However, 
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differences in one or more biological traits could support 
their separation into biotypes or sibling species. This work 
seeks to find nonmorphological characters that will permit 
separating exotic and indigenous strains of each species 
from field samples. Separations are needed to clarify which 
strain is responsible for biological control of the target 
aphids. Within species, experiments on the A. varipes and 
D. rapaestrains are assessing 1)host aphid acceptability and 
suitability, 2) mating behavior, 3) reproductive isolation 
using reciprocal crosses between strains within a species, 4) 
characteristics of host aphid mummified remains after para-
site adults exit, and 5) starch gel elcctrophoresis to identify 
unique enzyme loci. Reciprocal crossing studies for each are 
in progress, enzyme electrophoresis studies for each are near 
completion, and other objectives are complete and analysis 
is in progress. 

Results forAphelinus varipes.Each A. varipesstrain was 
exposed to different host aphids including areenbug, corn 
leaf aphid, bird cherry-oat aphid, English grain aphid, cotton 
aphid, Russian wheat aphid, yellow sugar cane aphid, green 
peach aphid, and black-margined pecan aphid. All strains 
parasitized greenbug, corn leaf aphid, and English grain 
aphid. The strains from Greece, Texas and Idaho each 
parasitized only about 10% of available Russian wheat 
aphids, and strains from U.S.S.R. and Turkey parasitized 
less than 30% of the bird cherry-oat aphids. All strains 
parasitized about 10% of the yellow sugarcane aphids, green 
peach aphids, and cotton aphids. None of the -trains para-
sitized the pecan aphid. Yellow sugarcane aphid and green 
peach aphid are not previously reported as natural hosts for 
A. varipes.Results (Table 1)indicate that some strains seem 
better adapted to some host aphids than others, but this 
preference alone will not correctly separate strains, 

Mating behavior of A. varipes was characterized and 
compared between strains. The behavior in all strains con
sisted of three phases of courtship including precoital, coi
tus, and postcoital. The mating behavior was identical in all 
seven A. varipes strains, and was typical of Aphelinidae. 
Results indicate that pre-zygotic reproductive isolation has 
not occurred between strains (Table 1). Examination of 
reproductive isolation will begin during the summer of 
1992, and should be complete by the end of fall 1992. 

Assessments of mummified host aphid remains after 
adult emergence included characterizing mummy color, exit 
hole location, form and shape of meconia, and location of 
meconia. The exit hole for A. varipeswas typically located 
on the doisum of the host remains, and anterior to the host 
comicles. Numbers of meconial pellets ranged between 
three to eight, with a mean of five pellets per cluster. The 
mummified host remains of all seven strains were similar. 
Results (Table 1) indicated thnii differences in host remains 
are rare among strains of A. varipes. 

Standard, horizontal starch g.el electrophoretic tech
niques were used to detect isozymic differences among A. 
varij.esstrains. Different staining techniques wee used, but 
phosphoglucose isomerase (PGI) distinguished only he 
Texas strain from other strains. The Texas strain showed a 
faster migrating allele for PGI when compared with the 
other strains. Results (Table 1)suggest that the allele for PGI 
in the Texas strain is fixed in this population, possibly due 
to the beginnings of geographic isolation. 

Results for Diaeretiellarapae. -lost aphid acceptability 
and suitability tests were performed using isolated mated 
female parasites of each strain. Parasites were provided 
access to eleven difleent aphid species including bird 

Summary of experiments to separate populations of A. varipes from different geographical sources.Table 1. 
A. varipesgeographical source 

Idaho USSR Turkey Iraq Greece GermanyTexas 

Aphid hosts 

D. noxia a b b b b a a 

R. padi a b b b b a a 

S.graminum a a a a a a A 

a aa a a 
a a 

M. avae a a 
a a ak.maidis a a 

S.Ilava a b b a a a a
 
b
M. persicae b a a a a b 


a a a
M. caryella a a a 

a a aCourtship a a a 

b b b bElectrophoresis a b b 

a aa aHost remains a a a 

b a aSummary a b b b 

'Same letter means no significant differences between strains. 
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Table 2. Summia.ry ofexperiments to separate populations of Diaeretiella rappe from different geographic sources. 
Strains 

Greece Jordan Pakistan Russia Spain Syria Washington 
lot Aphid 

Acceptability 1 2 1 I 3 4 1 

Electrophoresis I I I 2 1 1 ? 

Mating behavior t I I I I I 

lost remains I I I ! l 1 t 

Rep roductive
isolation U U U u 

Summary A B A C D E ? 
Strains with the same nwnber or letter (inrows) were not aeparated with the indicated tactic; 7indicates additional samples needed for clarification of results; Is indicates data
is incomplete at the promc time. 

cherry-oat aphid, black-margined pecan aphid, corn leaf 
aphid, cotton aphid, crepe myrtle aphid, English grain aphid,
grccnbug, green peach aphid, Russian wheat aphid, yellow 
pecan aphid, and yellow sugarcane aphid. All parasite
strains parasitized black-margined pecan aphid, corn leaf 
aphid, English grain aphid, greenbug, green peach aphid,
and Russian wheat aphid. However, pre-emergence mortal-
ity occurred in all parasite strains tested on black-margined 
pecan aphid, and none of the strains successfully parasitized
yellow sugarcane aphid. The mean fecundity of the Greece 
strain on bird cherry-oat aphid was significantly greater than 
other parasite strains. Parasite strains from Jordan, Syria,
and Spain can be separated from other strains by their ability
to recognize and parasitize specific host aphids (Table 2).
Only the Syrian strain parasitized the cotton aphid, and only
the Jordan and Spain strains parasitized yellow pecan aphid
and crepe myrtle aphid, respectively, 

Standard horizontal techniques of starch gel electropho-
resis were used to analyze the D. rapae strains. Six bufler 
recipes u ed in similar studies elsewhere were tested for 
detecting differernces. Four of (lie six showed clear dark 
bands and adequate mobility to effect band separation,
Twenty-four enzyme loci were screened to identify lc,.i with 
fixed genetic differences or 'markers' for separating respec
live parasite strains. Aldolase (ALD) was the only enzyme 
locus that showed 'marker' bands. The Russian strain olD. 
rapae showed a consistently slow migrating electromorph 
for ALD; whereas, the other strains were monomorphic and 
fast migrating. Phosphoglucose isomerase (PGI) showed 
allozyme variability for the indigenous Washington strain, 
The Washington strain showed allele (PGI-i) that was 
slower in mobility than other strains, and a second allele 
(P1I-2) that is faster ii all other strains. However, the PGI-I 
mobility was inconsistent between the four buffering sys-
(ems. The polymorphisms observed to date suggest that 
esterase loci might permit separation of the parasite strains,
At present, the Russian s'.ain (f D. rapae can be separated 
from other tested strains by using the aldolase marker(Table
2). Additional eleclrophoretic samples mai permit further 
sep ation of the strains using the PGI and -ST loci. 

Comparison of courtship and mating behavior in each D. 
rapae strain revealed a sequence of seven behavioral com
ponents. These components included wing fanning, mount
ing and antennation, copulation and antennal drumming, a 
quiescent stance, and post-copulatory grooming. The quies
cent stance of female D. rapae has not been previously 
identified, and is a new component in the braconid behav
ioral chain. Male antennal drumming during copulation may
also be an addition to the chain. Qualitative observations and 
quantitative analyses of D. rapae courtship and mating
behaviors failed to identify uni 4ue behaviors that could 
separate the parasite strains. 

Dissections of Russian wheat aphid mummie, were per
formed on the seven strains of D. rapae. Characteristics of 
host remains included mummy coloration, exit hole shape,
exit hole location, larval meconia shape, meconia location 
and numberof meconia. Mummy coloration, exit hole shape
and location, sh-,pe of meconia and location of meconia 
clusters showed little value as diagnostic characters. How.. 
ever, significant differences were found in mean numbers 
of meconial pellets recovered from the Russia and Syria
strains. Unfortunatcly, these differences are confounded by
overlap in numbers of meconia pioduced by other strains. 

Networking Activities 

Mr. Monroy worked in the Gilstrap laboratory in College
Station during the spring semester, 1992, and is currently
preparing for his research program. Monroy is expected to 
begin graduate studies with Gilstrap in fall 1993, and his 
thesis topic will be use of Solenopsisants and Doru earwigs 
for biological control of fall arinyworm on sorghum and 
corn. During July 25-30,1992, Gilstrap madean on-site visit 
to Zamorano Valley (Escuela Agricola Panamericana) to 
develop a research plan for Jose Monroy on biological 
control research. During this time, Gilstrap visited with Drs. 
Jeffrey Bentley, Robert O'Neil (entomologist, Purdue Uni
versity), Alfredo Rueda (Subhead of Department of Crop
Protection), Juan Rosas (Plant Breeder) and Abelino Pitty
(Especialista en Manejo de Malezas). We made visits to 
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several sites in Zamorano where students were conducting 
research, and we discussed the various ways these activities 
could be modified to address additional key questions. 

Gilstrap was an organizer and participant in a workshop 
session on biological control of the wheat aphids. Gilstrap 
presentW a paper that examined improved techniques to 
evaluate the impact of natural ;nemies of pests on annual 
crops. The paper pointed out the challenges that are peculiar 
to estimates of natural enemy efficacy in annual crops versus 
tactics typically used in perennial crops. Examples for the 
paper were extracted from current studies by Gilstrap's 
INTSORMIL program in the sorghum-wheat-wild grass 
ecosystem. 

Publications and Presentations 

Publications 

Youm, 0. & F. E. Gilstrap. 1992. Life-fertility tables of Pracon hebetor 
Say (Hymenoptera: Braconidae) reared on Heliocheilus albipunctella 
De Joannis (Lepidoptera: Noctuidae). Insect Sci. Applic. (Accepted) 

Youm, 0. & F. E. Gilstrap. 1992. Population dynamics and parasitism of 

Haimbachia ignefusalis, Sesamia calamistis, and Ileliocheilus at
bipunctella in millet monoculture. Insect Sci. Applic. (Acceped) 

Gonzalez, D. & F. Gilstrap. 1992. Foreign exploration: Assessing and 

prioritizing natural enemies and consequences ofpre-introduction stud
ies. Symp. Proc. E.S.A. 42 ms. pp. + 2 fig. (In Press) 

GonzAlez, D., F. Gilstrap, L. McKinnon, J. Zhang, N. Zareh, G. Zhang, P. 

Stcry, J. Woolley & R. Wang. 1992. Foreign exploration for natural 

enemies of Russian wheat aphid in Iran, and in the Kunlun, Tian Shan, 
and Altai Mountain Valleys of the People's Republic of China. Proc. 

5th Russian Wheat Aphid Conf., FL Worth, Texas. p. 197-209. Jan. 
1992. 

McKinnon, L., F. Gilstrap, D. GonzAlez, J. Woolley, P. Stary &R. Wharton. 

1992. Importations of natural enemies for biological control of Aphids. 
Proc. 5th Russian Wheat Aphid Conference, FL Worth, Texas. p. 
136-145. Jan, 1992. 

Gilstrap, F. E., 1. Bayoun & G. Michels. 1992. The impact of aphid 
biological control: Some ideas on evaluating natural enemies in annual 
crop ecosystems. Proc. 5th Russian Wheat Aphid Conf., FL Worth TX, 
p. 146-151. 

Presentations 

Gilstrap, F. E. "State and federal agencies in biological control: Roles, 
ifluenc, domain and harmony." IN: Symposium on "Changing Roles 

in the Practice of Classical Biological Control. Dec. 10, 1991, Reno NV, 
ESA meeting. 

Gilstrap, F. _."The current state of biological control of Russian wheat 
aphid." IN: 5th Russirn Wheat Aphid Workshop. Jan. 28, 1992, Ft. 
Worth TX. 
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Biological Control Tactics
 
for Sustainable Production of Millet
 

Project TAM-125
 
Frank E. Gilstrap
 

Texas A&M University
 

Part II-B
 

Principal Investigator 

Dr. Frank E. Gilstrap, Professor, Department of Entomology, Texas A&M University, College Station TX 77843 

Collaborating Scienitists 

Dr. Gerald Michels, Texas Agricultural Experiment Station, Amarillo TX 79106

Dr. Oumar Niangado, IER, Director of Cinzana Research Station, Cinzana, Mali

Dr. Moussa Traore, IER, INTSORMIL Host Country Coordinator, Bamako, Mali

Dr. 0. Youm, Entomologist, ICRISAT Sahelian Center, BP 12404, Niamey (Sadore), Niger 

Summary 

In INTSORMIL Year 13, Gilstrap and Youm developed 
a proposal and detailed work plan for a training activity to 
prepare an INRAN scientist for collaboration on identifying 
and assessing natural enemies of millet head caterpillar
(MHC). The trainee's account of this activity was not avail-
able from INRAN at the time of this report. 

Research was conducted on methodology for evaluating 
natural enemies of pests in agroecosystems that include 
annual crops such as millet and sorghum. This project in the 
U.S. supports concepts for biological control work on insect 
pests that occur intermittently. Bioassays were conducted in 
the laboratory on fourteen insecticides that are identified 
insecticides with differential toxicity to aphids on small 
grains and their natural enemies. The assays identified in-
secticides with differential toxicity to greenbugs and to 
associated parasites and predators. Fourteen insecticides 
(i.e., malathion, methyl parathion, diazinon, sulprofos, pro
fenofos, acephate, phorate, chlorpyrifos, dimethoate, esfen-
valerate, permethrin, deltamethrin, methomyl and anitraz) 
were tested. Of the 14 insecticides, only two (i.e., malathion 
and chlorpyrifos) appear to be good candidates for the 
planned chemical exclusion studies. Because of their high
toxicity to the enemies and low systemic action in the plant,
they selectively remove enemies without leaving residues 
that adversely affect the aphid reproduction, This removal 
of natural enemies permits assessing greenbug population 
increases inthe absence of natural enemies, awr in turn helps 
establish the importance of natural enemies for suppressing
the aphid. 

Field experiments for this project are in progress near 
Amarillo, TX. Chemical and mechanical exclusion experi-
ments have been tested on greenbug infested potted plants
exposed in the field under open and closed cages. These 

studies clearly demonstrated the effect of the enemies in 
suppressing aphid populations both in wheat and sorghum.
Host exposure studies were initiated during the spring of 
1991, and consisted of potted wheat plants infested with 
greenbugs that were exposed in wheat, grain sorghum and 
Conservation Reserve Program (CRP) ecosystems. 

Objectives, Production & Utilization Constraints 

Objectives 

Niger millet biological control research: Objectives of 
this collaborative work are to assess the efficacy of natural 
enemies that may be useful for biological control of stalk 
borers and the millet head caterpillar, and to optimize im
plementation of effective biological control for pests of 
millet crops. 

Technology development and student training research: 
Objectives ofresearch in Texas are to provide graduate level 
training programs, develop strategies for implementing bio
logical controls in sorghum and millet, test strategies for 
implementing biological control in annual crop ecosystems,
investigate plant-pest-natural enemy ecology and assess the 
potential of natural enemies as biological control agents for 
sorghum and millet pests, and optimize integration of effec
tive biological controls with local crop protection and pro
duction needs. 

Constraints 

The insect pests of sorghum/millet addressed in this 
research are key pests and constraints to production in the 
U.S. and West Africa. Annual crops such as sorghum and 
millet sustain damage and control costs from infestations of 
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key pests such as aphids, stalk borers and millet head cater-
pillar. These costs are variables that must be managed each 
year. Ideally, each pest is managed with ecologically sound 
practices. To be most effective, these practices seek to 
optimize the sustainability of the cropping ecosystem. De-
tailed ecological understanding of pests and their natural 
enemies is key to a sustainable pest management strategy, 
especially during times of the year when pests occupy 
noncrop portions of the agroccosystem. The project's ap-
proach involves on-site collaborative research, development 
of complimentary U.S. technology, evolution of necessary 
theory, and graduate studeat training. The collaborative 
research in Niger seeks to implement biological control of 
stalk borers and the millet head caterpillar, and in the U.S. 
to implement biological control of aphids. Research in the 
U.S. provides a platform for training graduate students, 
evolving theory and concepts for implementing biological 
controls in West Africa, conceptualizing and defining func-
tional ecosystems of pests, developing methodologies for 
measuring the actual and potential impacts of natural ene-
mies, and validating results of biological control when im-
plemented. 

Research Approach and Project Output 

Niger millet stalk borer and head girdler research 

The primary goal of this project is to implement biologi-
cal controls of the millet pests, enlarging on research con-
ducted by Dr. Ousmane Youm in Niger in 1986-88. Key 
elements of this project are: (1)cooperative res-arch activi-
ties with the Institut National de Recherches Agronomiques 
du Niger (INRAN), Institute Economie Rural (IER) du Mali, 
ICRISAT-ISC, and INTSORMIL, (2) graduate training in 
entomology at Texas A&M University for a citizen of a 
country in West Africa, and (3) research conducted at the 
ICRISAT-ISC. This project seeks to build on Dr. Youm's 
training in entomology and biological control to facilitate 
training additional NARS scientists for the region. 

The dissertation research of Dr. Youm is the basis for 
extending the millet research and for examining tactics 
implementing biological control of millet head caterpillar. 
Aprimary goal for 1992 was to initiate a new Ph.D. program 
researching biological control of millet head caterpillar. For 
a variety of reasons, we were unable to achieve that goal 
with IER (Mali) or INRAN (Niger) in Project Year 13. 
However, Gilstrap aad Youm submitted a proposal to IN-
RAN to train an INRAN scientist for future collaboration 
on identifying and assessing natural enemies of millet head 
caterpillar (MHC). This proposal was accepted in August 
1992, by the Director General of INRAN and the local 
USAID mission. The trainee's account of this activity was 
not available from INRAN at the time of this report. A 
secondary goal in Project Year 13 was publication of Dr. 
Youm's work on biological controlofinillethead caterpillar 
and millet stem borers from his Ph.D. research. Five manu-
scripts were developed, and two are accepted for publica-
tion. 

Technology development and student training research 

Methodology must be developed to evaluate natural ene
mies of pests in agroecosystems that incl,.de annual crops 
such as millet and sorghum. This project is conducting 
research in the U.S. that supports methodology and concepts 
for addressing the ephemeral nature of sorghum, the inter
mittent occurrence of pest insects, and is focused on green
bug, Schizaphis graminum. The U.S. goals of this project 
are to provide biological control methods and understanding 
that can be applied to obtairing objectives on millet in West 
Africa. Specific objectives are (a) select an insecticide that 
will differentially kill or repel aphids natural enemies and 
not affect the aphids, (b) develop methodologies for meas
uring the impact of natural enemies attacking aphids, (c) 
determine how host (i.e., pest) exposures can contribute to 
measuring the impact of natural enemies attacking aphids, 
and (d) compare relative merits of chemical exclusions, 
mechanical exclusions and host exposures for assessing the 
impact of natural enemies of aphids in annual crop ecosys
tems. 

Bioassays were conducted in the laboratory on fourteen 
insecticides seeking differential toxicity to aphids on small 
grains and their natural enemies. Development of these 
methods is essential to establishing baseline data about the 
effectiveness of naturally occurring enemies, and for veri
fying tactics that measure the impact of natural enemies in 
biological control. Fourteen insecticides (i.e., malathion, 
methylparathion, diazinon, sulprofos,profenofos, acephate, 
phorate, chlorpyrifos, dimethoate, esfenvalerate, per
methrin, deltametlrin, methomyl and amitraz) were tested. 
Parasites tested included Aphelinus varipes (Foerster),Lysi
phlebus testaceipes (Cresson), and Diaere:iella rapae 
(M'Intosh). Predators tested included four coccinellids: 
Hippodamia convergens (Guerin-Meneville), H. sinuata 
(Mulsant), Coccinella septempunctata L., and H. variegata 
(Goeze). Of the 14 insecticides, only malathion and chlor
pyrifos showed needed characteristics for the planned 
chemical exclusion studies. Because of their high toxicity to 
natural enemies and low systemic action in the plant, these 
two insecticides will selectively remove enemies without 
leaving residues that adversely affect aphid reproduction. 
This removal of natural enemies permits assessing greenbug 
population increases in the absence of natural enemies, and 
in turn provides understanding of the importance of natural 
enemies in slowing aphid population growth. 

Field experiments are in progress near Amarillo, TX. 
Chemical and mechanical exclusion expcriments were con
ducted on greenbug infested potted plants exposed in the 
field under open and closed cages. The field experimenta
tion seeks to separate the effects of predation and parasitism 
by adjusting periods of field exposure to natural enemy 
activity. An exposure period of six days was used to measure 
predatior, and a period of two days was used. to measure 
parasite activity. Predation is being measured indirectly as 
the difference in aphid numbers in open versus closed cages 
at the end of the exposure period. Parasite activity, however, 
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is being measured directly by counting numbers of pp-asit-
ized .phids and calculating percent parasitism. 

The clumped distribution of greenbugs complicates sam-
pling and evaluating natural enemies, especially when these 
experiments depend on naturally occurring aphid popula-
tions on noncrop plants. Thus, we are using host exposures 
to follow and evaluate the activity of aphid natural enemies 
across different habitats (i.e., sorghum, wheat, and noncul-
tivated host plants) in the ecosystem. This approach is labor 
intensive, but measures the collective activity of a nattual 
enemy complex in a "constant" environmental setting
throughout the year. It enhances measuring natural enemy
impact despite the discontinuity of host plants in the ecosys-
tem. 

Host exposure studies were initiated during 1991 and 
1992. Potted wheat plants infested with greenbugs were 
exposed in wheat, grain sorghum and Conservation Reserve 
Program (CRP) habitats. Seedlings infested with a fixed 
number of greenbugs were placed in a respective habitat in 
alternate weeks. The activity of the predator complex
showed similar patterns in both 1991 and 1992. Predators 
collected during 1991 consisted of mostly coccinellids, 
though a few Orius insidiosus were collected late in the 
season. Most coccinellids collected in 1992 were H.conver
gens; whereas, in 1991 most were H. sinuata.Other coc-
cinellids collected included C. septempunctata and H. 
parenthesis.In 1991, parasites were not detected until July
and consisted mostly of L. testaceipes. Other species of 
parasites that were collected included A.varipes,A. asychls
and D. rapae. Several of the collected A. varipes and A. 
asychis closely resembled strains of exotic parasites im
ported from Asia. If these individuals are confirmed as 
exotic, they verify that strains of parasites imported and 
released for aphid biological control have become estab
lished. In 1992, parasites were reared from greenbugs in 
early March, though parasitism decreased considerably dur
ing the summer. The reduced parasitism in the summer may
have been due to the heavy rains in the research area during
the first several weeks of the summer. Collected parasites
consisted mainly of L. testaceipes. During the summer of 
1992, an increasing number ofA. asychis individuals were 
reared out of the exposed aphid materials. 

Thus far, the host exposure experiments show clear dif
ferences in the aphid populations when the effects of preda
tion are excluded. In insecticide exclusions, malathion
 
excludes parasitism but not predation, and significant reduc
tions in parasitism were observed on exposed plants treated 
with malathion. Mechanical exclusion studies clearly dem
onstrated that both parasitism and predation are important 
for suppressing aphid populations in wheat and sorghum. 

These studies are continuing in 1993, and a complete 
assessment of results will be reported in Mr. [mad Bayoun's 
Ph.D. dissertation. 

Networking Activities 

In 1992, Gilstrap and Youm developed a proposal and 
work plan for a training activity to prepare an INRAN 
scientist for collaboration on identifying and assessirg natu
ral enemies of millet head caterpillar (MHC). The proposal 
was submitted to the Director General of INRAN for ap
proval. The training objectives were to (1) collect samples
of immature stages of MHC and record data to assess MHC 
population dynamics and rates of MHC parasitism, (2) 
process samples of immature stages of MHC in the labora
tory to emerge parasites and adult moths, (3) prepare and 
handle diet for holding the immature stages of collected 
MHC, (4) prepare emerged MHC adults and parasites for 
shipment to taxonomic authority, and (5)prepare data and 
a report for end of season accounting on program progress.
Participants were to include an INRAN scientist, Ousmane 
Youm (Principal Scientist, ICRISAT-ISC) and Frank Gil
strap (INTSORMIL Principal Scientist and Professor, Texas 
A&M University). In an August 1992 meeting that included 
the Director General and other INRAN administrators, it 
was agreed that INRAN would participate in the proposed
plan during 1992. Mr. John Mitchell (USAID) agreed to 
provide a portion of the needed funding, and Gilstrap agreed 
to provide additional funds as needed from TAM-125B. 

The trainee's account of this activity was not available 
from INRAN at the time of this report. 
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Development of Plant Disease Protection Systems for
 
Millet and Sorghum in Semiarid Southern Africa
 

Project TAM-128
 
G.N. Odvody
 

Texas A&M University
 

Principal Investigator 

Gary N. Odvody, Texas A&M Research and Extension Center, RL 2 Box 589, Corpus Christi, TX 78410 

Collaborating Scientists 

L.E. ClaflirVJ.F. Leslie, Plant Pathologists, KSU 108, Department of Plant Pathology, Kansas State University, 
Manhattan, KS 66506 

D. Frederickson, Post Doctoral Plant Pathologist, SADCC/ICRISAT, Sorghum Millet Improvement Program, 
P. O. Box 776, Bulawayo, Zimbabwe 

R.A. Frederiksen, Plant Pathologist and Principal Investigator, TAM- 124, Department of Plant Pathology and 
Microbiology,Texas A&M University, College Station, TX 77843 

G.M. Kaula, Plant Pathologist, Private Bag 7, ML Makulu Research Station, Chilanga, Z,mbia 
K. Leuschner, Entomologist, SADCC/ICRISAT, Sorghum Mille" Improvement Program, P. 0. Box 776, 

Bulawayo, Zimbabwe 
C. Manthe, Agricultural Research Station, Private Bag 0033, Gaborone, Botswana 
E. Mtisi, Plant Pathologist, Plant Protection Research Institute, RSS Box 8108 Causeway, Harare, Zimbabwe 

F. R. Miller, Sorghum Breeder and Principal Investigator, TAM-121, Department of Soil and Crop Sciences, 
Texas A&M University, College Station, TX 77843 

B.Matilo, Plant Pathologist, Dept. of Agricultural Research, P. O. 151, Maun, Botswana 
G. C. Peterson, Sorghum Breeder and Principal Investigator, TAM-123, Texas A&M Agricultural Research and 

Extension Center, Route 3,Box 219, Lubbock, TX 79401 
D.T. Rosenow, Sorghum Breeder and Principal Investigator, TAM-122, Texas A&M Agricultural Research 

and Extension Center, Route 3, Box 219, Lubbock, TX 79401 
R.W. Toler, Plant Pathologist, Principal Investigator, TAM-124, Department of Plant Pathology and 

Microbiology,Texas A&M University, College StationTX 77843 
B.N. Verma, Sorghum and Millet Coordinator/Sorghum Breeder, ML Makulu Central Research Station, Private 

Bag 7, Chilanga, Zambia 

Summary 

Of 144 isolates of Fusarium spp. section Liseola obtained wiich developed aflatoxin levels of 2600 ppb. However, 

from sorghum grain of nine cultivars grown at one location aflatoxin levels in noninoculated grain in both this experi

in Tanzania, 33% were in mating population A, 51% in F, 	 ment and in sampling across large geographic areas indicate 
that there is a minimal threat of pre-harvest aflatoxin onand the remainder are yet unclassified. Genetic relatedness 
grain sorghum. Reports of natural occurrences . *aflatoxinbetween Colletotrichum graminicola isolates from around 

the world, but predominantly from sorghum, was more above 20 ppb on grain sorghum in the field are rare. 

correlated with geographical origin than with susceptibility 
Objectives, Production and Utilization Constraintsor resistance of the (sorghum) host when evaluated using 

RAPD (Random Amplified Polymorphic DNA) markers. 
Several introduced sorghums with known anthracnose re- Objectives 
sistance at several global locations were also resistant under 
high incidence of anthracnose at Mansa, Zambia. Many of Characterization of Macrophominaphaseolinafrom di

verse hosts in Southern Africa.these anthracnose resistant sorghums were also well adapted 
agronomically at the Mansa location and at other Zambia 
and Zimbabwe locations. Significant levels of aflatoxin Disease development, economic impact, and host:patho

were produced on grain of all sorghum cultivars regardless gen interaction of Exserohilum turcicum on sorghum culti
virs with specific and general leaf disease resistance.of grain mold resistance or susceptibility when heads were 

doubly-inoculated with Aspergillusflavus at the bloom and 
for sorghumsoft dough stage. The most susceptible cultivars were those Evaluate biological control techniques 

most susceptible to grain mold and weathering, like SC 120, downy mildew of sorghum. 
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Identify and characterize the Fusarium species occurring 
on pearl millet and sorghum in the SADCC region and 
assess their role in diseases of each host and their potential 
for mycotoxin rc.-tamination of seed used for human con-
sumption. 

Development of a race (pathotype) typing system for 
isolates ofColletotrichum graminicoia from sorghum using
RAPD biotechnology. 

Determine stability and sources of resistance to major
foliar pathogens through field screening nurseries at strate-
gic locations, 

Development and deployment of standard and disease 
specific germplasm nurseries throughout the SADCC re-
gion to monitor variability and impact of major sorghum
pathogens and to identify the best adapted sources ofdisease 
resistance, 

Research Approach and Project Output 

Macrophomina phaseoli.a 

Several isolates (fifty per host) of M. phaseolina were 
obtained from sorghum, maize, and pearl millet grown in a 
single contiguous field plot area at Corpus Christi in 1991. 
These isolates are being evaluated, along with the other 
isolates from Africa, for diversity in culture which may
relate to host preference in the same field. However, these 
U.S. hosts are all gramineous and there are no anticipated 
differences among them on chlorate-amended media but 
they may all be culturally different isolates from non-
gramineous hosts and they may be otherwise morphologi-
cally distinct from African isolates regardless ofhost source. 
Additional charcoal rot tissue specimens were collected 
from a few diverse ho,'gs in the Okavonga delta region near 
Maun, Botswana. 

Sorghum Downy Mildew 

I.S. Kunene completed her dissertation research on bio-

control of sorghum downy mildew (SDM) using the chytrid

Gaertnariomycessemiglobiferwn. Her results were summa-

rized in a previous report. She clarified the taxonomy of the 

previously unclassified species and determined that it may

have potential as abiocontrol agent of oospores ofPeronos. 

clerospora sorghi in field soil. 


Fusarium Species on Grain 

Mr. Anaclet Mansuetus is conducting research to com-
pare the population structure of Fusariwn species in section 
Liseola on sorghum from three locations in Tanzania using
mating type and vegetative compatibility markers. One hun-
dred-forty-four isolates of Fusarium spp. obtainedwere 
from sorghum grain of nine cultivars grown in the
1990/1991 SADCC/ICRISAT grain mold resistant nursery 
at Ifakara, Ifakara District, Tanzania. These isolates were 

crossed to A+, A-, F+, and F- that are testers for the mating
population A and F which are considered to be different 
biological species. Of all isolates 33% were in population 
A, and 51% were in population F. Mating type distribution 
was 25% A+, 8% A-, 37% F+, and 14% F-. The predomi
nance of mating population Fover A suggests that 'he threat 
of mycotoxins may be minimal at Ifakara since the mating
population Fis known to produce low amounts of fumonisin 
B I compared to mating population A. 

Thirteen isolates that were in mating population F were 
tested for their vegetative compatibility to determine the 
potential for asexual genetic exchange within this popula
tion. Non-nitrate utilizing mutants could be generated and 
were used for complementation tests. Two vegetative com
patability groups were identified, but each group was com
prised of two isolates only. One isolate was 
self-incompatible, whereas 8 were different based on this 
test. Isolates in neither the A or F group are being analyzed 
for their ,ccurrence in mating populations B, C, D, or E. 
Studies on the diversity of vegetative compatibility are 
being limited to populations A and F. More studies of this 
nature are being conducted to characterize all isolates from 
the other two locations (Ilonga, Kilosa District, and Kachiri,
Ngara District) in Tanzania. 

Colletotrichum graminicola. 

Usin7 RAPD markers, P. Guthrie compared the DNA of 
119 isolates of C. graminicola from around the world in
cluding several sorghum isolates from the SADCC region,
especially Zambia and Zimbabwe. He determined that ge
netic relatedness between isolates was more correlated with 
geographical origin than with susceptibility or resistaace of 
the sorghum host source. No pathotype specific RAPD 
banding pattern was found. 

The International Sorghum Anthracnose Virulence Nurs
ery (ISAVN), the Extended Anthracnose Virulence Nursery
(EAVN), and another nursery, Anthracnose Resistant 
Germplasm Nursery, ARGN, of diverse sorghums with 
known resistance to anthracnose (Colletotrichum gramini
cola), and some resistance to leaf blight (E. turcicum) were 
established at three locations (Mt. Makulu, Golden Valley, 
and Mansa) in Zambia to evaluate anthracnose response,
other disease reactiorq, and overall adaptation. Sorghums 
were provided in collaboration with TAM-121, TAM-122, 
and TAM- 124. Table I shows the most anthracnose resistant 
and agronomically desirable sorghums of this group at 
Mansa in 1992. Anthracnose incidence and severity were 
excellent for screening only at the Mansa location but the 
most susceptible cultivars were distinguishable at the Gold
en Valley location. Drought at the ML Makulu location 
reduced and delayed any significant incidence of anthrac
nose and severe drought precluded establishment of nursery 
materials planted at the Lusitu location. 

A very drought tolerant, local, improved sorghum vari
ety, Kuyuma (WSV387), demonstrated its value in the 
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Table 1. 	 Anthracnose severity of agronomically de-
sirable sorghums from the Anthracnose Re-
sistant Germplasmn Nursery at Mansa, 
Zambia in 1992. 

2 
Agronotic Anhracnose

Entry Rating, Mean % 
severity 

1.0 	 1087L3450 
1.5 0R8602 
1.5 	 1087L3452 
1.5 	 2086EON361 
1.5 	 2286EON362 
2.O 0A8618&R8602(Sus)3 
2.0 084EON 100 
2.0 	 2087BH8341 
2.o 	 1887BH8351 
2.0 	 38R8505 (RTX 436) 
2.5 5(((SC120*Tx7000)*TX7000)*R6956) 
2.5 0B9006 
2.5 0A8618*R8505(Red) 

3 

2.5 3B8618 

25 5
SRN39 

2-5 5
EBA-7*TX434*C7*T2 
2.5 	 1586EON374 

25 25
R8511 
2.5 	 38TAM428 
2.5 	 50Dorado 


3 
 2.5 	 40ATxARG-1"R8505 

'Agronomic rating (adaptation and agronomic type) at Henderson Station, 

Zimbabwe isfrom amean of two replications where 1.0-best; 5.0-worsL 
2Foliar anhrdacaose value is mean percent severity of two replications.3Hybrii. 

Lusitu and general Souihern Zambia region where it pro-
duced significant yields when most other local photoperiod
sensitive sorghums and maize had failed. However, this 
variety is extremely susceptible to anthracnose and there is 
a risk of yield and quality loss to anthracnose where it is 
grown in the higher rainfall latitudes North of Lusaka (50-
70% loss of leaf area, Mansa '92, and up to 100% leaf loss 
in previous years). Another improved local sorghum vari-
ety, Sima(WSV187) also produced good yields in Southern 
Zambia and, though not as drought tolerant as Kuyuma, it 
has moderate resistance to anthracnose (40% loss of leaf 
area, Mansa '92). 

Exserohilum turcicum 

The ISAVN, EAVN, and ARGN sorghum nurseries, 
mentioned previously, were planted at the Henderson Sta
tion, North of Harare, Zimbabwe. Extreme drought stress 
precluded any development of leaf blight but valuable rat-
ings were obtained on agronomic adaptation of the nursery 
materials. Because the extreme drought conditions are un-
usual for this area, the ratings may be more indicative of 
performance in dryer areas of Southern Zimbabwe. The 
most agronomically-desirable sorghwns are listed in Table 
2. Some entries previously demonstrated high anthracnose 
resistance and good adaptation to other SADCC areas in 
1990 trials and all had low anthracnose at Mansa, Zambia 
in 1992. 

Table 2. 	 Sorghum entries from the anthracnose re
sistant germplasm nursery having a good 
agronomic rating at the Henderson Station, 
Zimbabwe and low anthracnose at Mansa, 
Zambia'1 

Agronomic RatingEntry or Pedigree 
1.32A8618*R8602(Sus) 

3 

1.5A8618*R8602(Red) 
3 

1.8R6956 
1.8Sureno 
1.8R8602 


3 
 1.8ATx378*RTx434 
1.886EON362 
1.886EON374 
2.082BDM499 
2.0SC748-5 
2.0(R2241*(R5646*SC326-6)) 

3 2.0ATX631"R8505 
2.3(SC173*SC414)/499 
2.3B8618 
2.3R8505*(R5646*SC326-6) 
2.5(((SC120*Tx7000)*TX7000)*R6956) 
2.5TAM2566 
2.5Sureno*82BDM499 
2.587BI18341 
2.587BI18351 
2.5ATx631*R85113 

'Foliar anthracnose of all entries was at a mean percent severity of 20%or less at 

Mama, Zambia 
2Agronomic rating (adaptation and agronomic type) at Henderon Station. Zim
babwe is from a mean of two replicatimus where 1.0-best; 5.0.-worst 
3IybrieL 

Standardized Nurseries 

Several of the entries from the ARGN having good 
anthracnose iesistatice and good agronomic desirability 
across the Zambia and Zimbabwe locations were selected 
for further testing in these countries for stability of their 
diszase and agronomic response. Leaf blight reaction is 
especially needed because of the drought-limited develop
ment of leaf blight in the 91-92 season at several locations 
including the primary leaf blight screening location at Hen
derson Station in Zimbabwe. Many of these cultivars could 
be immediately utilized in country breedi~g programs and 
some are being selected for incorporation into standardized 
trials in both country and SADCC-sponsored nurseries. 

Other Sorghum Research-Aflatoxin 

Aflatoxin does not normally occur on sorghum grain in 
the field or it very infrequently occurs at levels below 10 
ppb; this level is near the detection limits of the aflatoxin 
antibody immunoassay column techniques routinely used to 
evaluate aflatoxin content on large numbers of samples. 
Grain collected by the P.I. from drought-stressed sorghum 
inSouth Texs, and from North Texas and Nebraska in 1990 
had minimal aflatoxin (6 ppb or below) but had significant 
numbers of A.flavus conidia on their seed surfaces. Under 
improper storage conditions (e.g. inadequate drying of grain 
harvested at high moisture) these conidia can germinate, 
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colonize sorghum grain and produce significant levels of 
aflatoxin (above 20 ppb) within short periods of time. 

In 1991, sorghum cultivars with diverse genetic back-
grounds, kernel characteristics, and variable grain mold andgroudskernl carateritic, oldandad vaiabe gain
weathering resistance were grown in South Texas to evalu
ate the potential forpre-harvest aflatoxin in sorghum. In four 
replications, plants in one half of each single row plot of 6 
m were either nontreated or inoculated with a condial sus
pension of an aflatoxin producing isolate of Aspergillus
flavus at both the bloom and soft dough stages. Grain from 
all A. flavus inoculated sorghums developed aflatoxin con
tamination above 20 ppb, including the highly grain mold 
resistant SC630 (300 ppb), but the highest levels were 
produced on those cultivars most susceptible to grain mold 
like SC 120 (2600 ppb). Grain from plants in most control 
plots had aflatoxin levels below 20 ppb but these plots were 
apparently affected by the proximal inoculum ofA.flavus 
on inoculated heads because similar noninoculated cultivars 
only a few meters away had only 3 ppb aflatoxin. These 
results indicate sorghum may be vulnerable if sufficient 
inoculum is present but under nattural conditions there may
rarely or never be sufficient inoculum for significant afla
toxin occurrence even on the grain mold susceptible culti
vars. The competition provided by other saprophytic and 
pathogenic grain mold fungi may also influence the lack of 
A.flavus colonization and atlatoxin contamination. 

Networking 

The principal investigator collaborated with TAM-121,

TAM-122, and TAM-124 to introduce over 150 sorghum

cultivars for evaluation in the SADCC region, primarily in
 
Zambia and Zimbabwe. These entries were evaluated for
 
disease resistance (principally anthracnose) and agronomic

adaptation and desirability. The best entries will be incorpo
rated into country and regional nurseries for further evalu
ation and potential use in bseeding programs for cultivar
 
improvement.
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Summary 

Field emergence of the best five sorghum genotypes
planted under severe environmental conditions in Zim-
babwe showed emergence rates of 45%, more than twice the 
poorest genotype at 21% . Incorporation of these responses
through the controlled environment affects presently being
studied, along with the other improvements made in 
SORKAM, the sorghum growth model achieved this year
will make a very useful tool in evaluating agronomic prac-
tices, both in the U.S., and in areas of Africa or Asia where 
stand establishment is a more severe problem. 

Objectives, Production and Utilization Constraints 

Objectives 

Botswana and Mali: Determine suitability of available 
crop models for use in southern and western Africa. 

Zimbabwe: Evaluate the genetic variability for sorghum
establishment under conditions of high temperature and 
moisture stress. 

U.S.: Developed replanting guidelines based on long-
term historical data, achieved plant population, and time of 
year. 

Constraints 

Constraints to productivity include climatic, edaphic, and 
biological factors. The climate of sorghum and millet pro-
ducing regions has low and erratic rainfall which has high
within- and between-year variability. The solar radiation is 
high, due to frequent cloudless conditions, and humidity is 
low resulting in a high potential evapotranspiration (PET)
rate. In Botswana the average PET exceeds the average
precipitation in every month. The soils are often of low 
fertility and are prone to crusting, rapid drying, and high soil 

temperatures which reduce crop establishment. Sorghum
and millets are small seeded crops requiring shallow plant
ing. Social and economic constraints add to the difficulties 
of crop management. Low yields are the norm in these 
regions and crop failure is common. Farmers may be unable 
to produce subsistence grain and seed for the following 
season. Low yields are a function of the harsh environment 
and the low level of management which often do not enable 
the farmer to obtain a satisfactory stand. 

Research Approach and Project Output 

Objective 1.Determine the suitability ofavailable crop

modelsfor use in southern and western Africa.
 

Two aspects of the sorghum growth model SORKAM 
have previously been identified as requiring improvement.
Research by Adama Coulibaly, Mali, included in last years'
annual report, showed that tillering of grain sorghum could 
be related to daily dry matter production with the require
ment per growing point, which depends on genotype and is 
influenced by temperature. A field study was designed to 
providearangeof tillering responses and serveas validation 
data for these relationships. Eight cultivars including Segao
lane from Botswana and CSM 63 from Mali, two planting
dates and three plant populations were planted at Manhattan 
and St. John, KS. Results from the controlled temperature 
study reported last year were used to develop tillering coefficients to predict tiller numbers for these field conditions. 
Comparison of actual and predicted tiller numbers are 
shown in Figure 1.Obviously, use of tillering coefficients 
developed under controlled conditions are not adequate to 
predict tiller numbers under field conditions. Results from 
this field experiment and other available data will be utilized 
to design a follow-up study to evaludIC the method of tiller 
prediction, and attempt to develop relationships which are 
more robust under field conditions. A preliminary modifi
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Figure 1. 	 Comparison ofpredicted and observed tiller 
numbers from both plantings at Manhattan 
and St. John, Kansas, 1990. 
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cation has been made, and will be discussed under Objective 
3. 

The second problem of the growth model is predicting 
grain growth. Considerable improvement in this has been 
made using data from the experiments partially reported in 
the last annual report describing individual kernel growth 
rates, and the factors that determine these rates. Of particular 
importance is the finding that the relative pollination time 
within the panicle determines the growth rate with those 
florets pollinated first having the highest growth rate which 
is maintained throughout grain filling, irrespective of their 
position on the panicle. More detail on how results from 

these experiments were used in modifying the grain growth 
portion of the model, will be reported under Objective 3. 

Results from experiments by two SADCC/ICRI-
SAT/INTSORMIL students, Ruth Madulu, Tanzania, and 
Etani Lele, Botswana, were designed to provide information 

the compensation by yield components of grain sorghum 
under a range of management and climatic conditions which 
result in a wide range of grain yields. Segaolane from 
Botswana and three U.S. hybrids were included to evaluate 
differences in yield component response and provide vali
dation data for an improved version of the crop growth 
model. Field experiments were planted at St. John and 
Manhattan on two dates at populations of 40,000, 80,000; 
and 160,000 plants/per hectare to cover the range of plant 
populations likely encountered in both U.S. and LDC fields. 
Two levels of inputs were applied: low management, consisting of minimum soil preparation, no fertilizer and no 

chemical or mechanical control; high management, normal 
soil preparation, recommended fertilizer application, and 

chemical and mechanical weed control. Yield response to 
management varied among cultivars and between locations 
(Table 1). All cultivars yielded significantly more under 
high management, than low management at both locations. 

It is not surprising there were interactions between man

agement, cultivar and locations. since the weed pressures 
were very different at the two locations, and different be
tween planting dates as shown in 'able 2. 

Objective 2. Evaluate the genetic variabilityfor sorghum 
establishmentunder conditionsof high temperatureand 
moisturestress. 

Field research was conducted at four locations, Aisleby, 
Lucydale, Matopos, and Sandveld, Zimbabwe, utilizing 30 
sorghum genotypes which had previously been studied at 
the SADCC/ICRISAT Center at Matepos. Plantings were 
conducted under dryland conditions at Aisleby, Lucydale 
and Sandveld, and because of severe drouth, additional 
plantings were made using small amounts of irrigaion to 
simulate rainfall. Daily emergence counts and an emergence 

Table 1. Grain yield as affected by cultivar, date of pkanting and man,,gement level. 

Date and cultivar 

Date 1 
Segaolane 


DK 69 
ATx623xRTx430 

E57 


Date 2 

Segaolane 

DK 69 
ATx623xRTx430 
E 57 


Location 

Manhattan S Joh, 

Low mgmL liigh rnt. Low mgmL Illligh mgmt. 
--------------------- kA-------------------

164 	 4556
3114 	 6717 
5245
4936 7624 	 291 


461 	 42954936 	 8030 
1037 	 4042
4817 	 6760 


629 	 1375 1567 1813 

605 1930 1400 1010 

1092 2536 4371 3123 

1854 3953 4275 	 4039
 

S1
 



Sustainable Production Systems 

Table 2. Effects of planting date and management on Table 4 shows the genotypes that vere in each category in 
weed dry matter produced. three or more plantings. Mean and maximum daily soil 

Location temperatures at seeding depth for Aisleby are shown in 
Treatment Manhattan st. John Figure 2. Planting depth, soil moistures for the three plant

---------- kg/ha ---------- ings at Aisleby are shown in Figure 3. 
Date 1 	 1007 698 
Date 2 A66 15 Objective 3. Setting replant guidelines based on long-
Low management 1873 603 term historical data, achieve plant population, and time 
Hligh management 0 110 ofyear. 

SORKAM, a sorghum growth model, will be tested andrate index were computed for each genotype and planting. verified using sensitivity analyses and validation studies. 
Planting dates and irrigation or irrigation plus rainfall re- Before proceeding with crop simulations we need to confirm 
ceived during the emergence period are shown in Table 3. 	 that the model is giving accurate, sensible yield responses 

to changes in plant populations, pLanting dates, and plant
Significant location by genotype interactions were ob- maturitics. Changes in tiller number, kernel numbers and

served on both percent emergence and emergence rate index kernel weight are the main sources of compensation the
which were very highly correlated (r = 0.99). Because the plant uses to adjust to changing weather coniitions. The 
objective of these field studies was to select materials which model should accurately simulate these yield components at
would be studied in more detail, the four best and four the differing levels of plant populations, planting dates, and 
poorest genotypes at each location were identified. Table 3 maturities that we will be exploring. Ifproblems are discov
shows the mean emergence percentage for the best and ered which will not allow us to accurately simulate sorghum
poorest four genotypes in each experiment. In each case, yields under the conditions listed above, SORKAM will be 
there was good separation between the two groups. The revised by improving the mathematical relationships re
extremely low emergence at Lucydale and Sandveld 1 was sponsible for determining the yield components.
because of soil crusting. Considering all plantings, sixteen 
of the genotypes were in the category of best four in at least Using 33 years of climate data at several Kansas loca
one planting, and sixteen genotypes were in the categorj of tions, cumulative frequencies for seven planting dates, six 
poorest four. Four genotypes showed up inboth categories. plant populations, and three maturity class combhiaions 

Table 3. 	 Planting locations, dates, rainfall or irrigation, and emergence of best and poorest four genotypes for 
field plantings in Zimbabwe. 

Experiment Planting date Rainfall, mm Irrigation, mm Total, mm I 
-Emergence, 

Highest 4 
% 
Lowest 4 

Aisleby 1 1/21/92 86.0 - 86.0 69.7 26.3 
Aisleby 2 2/18/92 17.0 32.0 49.0 74.8 22.0 
Aisleby 3 2/26/92 37.0 21.2 58.2 91.6 42.6 
Lucydale 1/23/92 110.0 - 110.0 7.3 0.5 
Matopoi 1 2/19/92 17.3 36.4 53.7 37.0 6.1 
Matopos 2 2/25/92 17.3 45.7 63.0 47.5 8.2 
Sandveld 1 1/22/92 45.4 - 45.4 23.7 2.5 
Sandveld 2 2/19/92 6.8 36.9 43.7 60.0 16.7 
Sandveld 3 3/13/92 52.5 31.5 84.0 79.6 15.7 

Table 4. Frequency of occurrence of best and poorestgenotypes andtheirmean percentemergence. 
Category Genotype Frequency Mean % emergence 
Highest 863611 5 	 46.4 

SDS11159 5 	 48.4 
SDS1118 4 47.3 
MMS11375 3 	 42.3 
MMSIII040 3 	 41.6 

lowest 	 A603 7 	 15.6 
Town 5 27.3 
MMS114 3 3 22.3 
MMSit707 3 22.3 
Macia M 3 	 19.0 
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Figure 2. 	 Maximum and mean soil temperature at 
seeding depth for the Aisleby 1 planting. 
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will be developed from the modeled yield data. These will 
be compared to the weather patterns used in the simulations 
to determine the relationship between optimum sorghum 
yields and the weather conditions experienced, 

Mathematical relationships will be developed that will 
allow us to predict original and replant yields based upon 
the important weather factors experienced to date (precipi-
tation, temperature, etc.), the original stand remaining, and 
the weather forecast for the remaining growing season. 

Yield data from these simulations along with an eco-
nomic analysis of rcpianiiag Losts and risk factors will be 
used in the following objective function to determine when 
replanting would oe an effective management decision. 

Economic return to replanting = 

-[(Replant yield - Original yield) X Harvest Price] 
Replant cost -Risk cost 

Using the weather-yield equations determined in con-
junction with the objective function, will develop awe 
computer based decision model for making replant deci-
sions in the field. 

Figure3. 	 Volumetric water content in the 5.0 to 7.5cm 
depth during emergence of the three plant. 
ings at Aisleby. 
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A validation study was made for yield, yieldcomponents, 
and phenology using 13 data sets collected at ManhaUan and 
Powhattan, Kansas from 1965 to 1985. These data sets 
contained plant populations ranging from 20,000 to 300,000 
plant-,ha-1, planting dates ranging from 25 April to 15 July, 
and hybrils from all 1hree maturity classes (early, medium, 
and late). Not all data sets contained yield component or 
phenological data. A sensitivity analysis was done for yield, 
tiller number, seed number, and seed weight changes in 
response to changes in plant populations, planting dates, 
maturity, and yearly changes in weather pattern. Responses 
were checked at six different plant populations, four differ
ent dates, three maturity levels, and four weather patterns. 
The sensitivity of te model was measured by measuring 
changes in yield, tiller number, szed number, and seed 
weight for each population level by date, by maturity, and 
by weather pattern combination. 

Validation studies indicated that 	SORKAM modeled 
phenology well but had problems simulating yield (Fig. 3), 

tiller number and kernel weight. Senisitivity and valdafion 
studies indicated that the model was not very sensitive to 
changes in initial plant population. This was the result of 
overestimating tiller numbers on some hybrids and a poor 
simulation of kernel weight. It was clear from these studies 
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Figure 4. Comparison of predicted and observed sor- Studies of tillering in 1990 had shown that the relation
ghum yields using the published SORKAM ship between the dry matter requirement per growing point
model and daily minimum air temperature was not well represented 

by the linear function currently used in SORKAM. We
attempted to improve this relationship by fitting an expo
nential function to data collected in Kansas and Australia 
(Fig. 5). Using this function we could account for 44% of 

10000 	 the variation in tiller numbers compared to 4% in the origi-Original Yield Pre n nal model; however, in both models the slope and interceptOrgnlYedPeiton 	 of the observed verses predicted values were significantly 

o , different from 1and . .-. 000o° 


With both kernel weight and tiller number improvements
o do 

) 
oo 


-el 
_	 in SORKAM, there was a significant improvement in simu,) o 0

G0 lated yield (Fig. 6). The revised version now accounts for6f.6000 0 O\ 

-0 o 0 ®72% of the variation in sorghum yield compared to 27% 
-
 accounted for by the original version. Furthermore, in the 
-"0 0o 00 00° 

-o, 	 new model neither the slope nor the intercept of observed4000Q-

predicted values were significantly different from 1 

-0o/ o 9verses 
and 0. With these improvements to SORKAM we feel we 

o0t
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rate per caryopsislrowth aryopsisFigure 5. Relationshiprate andplantbetween individualthat imiovements needed to be made in how the model fil 

represented both tillering and kernel weight, 

(9 

Recent studies have improved our knowledge of both 12.0 
tillring and kernel weight relationships in the sorghum 

(
these to develop new relationships in the 

plant. 	We usy 
+ 0 / 

I 

model or to improve those functions already represented. In 

the case of kernel weigh s w,,found that the existing func- o1.
 

"
 ions did not handle translocatio'i from the stalk to the grain 
X 8.0 veld.realistically. In addition, thepattc~rn of kernel growth did notSORKAM placed too 

it those patterns observed in the 

much 	 emphasis on grain growth during the leveling off 
. Iperiod when, in reality, there isonly a 0% increase inkernel 

weight du rig this period. ield studies in 1990 had found ' 6.0 o 1 

a relationship between the grn fill rate and the amount of -I ure i n the 
to develop a 	 elight intercepted by the sorghum tplanth is and te number of " 4 

kernels o n the plant . We used study 

_ 	 */199C Datarelationship between grain fill rate and the dry weight pro-	 y
duced per kernel by the plant during the linearkernel growth I// 
period (Fig. 4). We also divided grai: till into three separate " 2.0 -I 

phenological periods (lag period, linear growth period, and o 	 003hi+.06 
t of oth inleveling off period) using growing degree days (GDD) base - 0.0 t 9 

5.7°C	.By com bining themgrain growthnunctio nwith henew 
2.0 4.0 6.0 8.0 10.0 

of grain growth phenology we greatly improved the 0.0 
-1 

12.0 

nodel 
simulation of kernel weight with the new model accounting Dry Weight C Saryposis 

-for 71% of the variation in kernel weight compared to 40% 
1) (g GDD Xs

h 	 g
in the original SORKAM model. 
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Figure 6. Relationships used to predict tiller number 
-- -old -new). 
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Research investigatorexchanges 

Discussions were held with Dr. Louis Mazhani, Chief 
Agricultural Research Officer, regarding future collabora
tion in the modelling efforts in B 'wana. He indicated tha, 
Nieso Mokete would be attending a Crop Growth Modelling 
Workshop sponsored by the Australians, and would be their 
person primarily involved in such activities. I offered to 
assist Nieso in any way possible, including having him 
spend some time during their off -cason at Kansas State. At 
this point, no definite plans have been made. Earlier plans 
for follow-up in Mali have also failed since Adarna Couli-
baly was not approved to continue on a plant growth mod
elling project and likely would not be involved with 
-nodelling on his return to Mali. 

Figure 7. Comparison of predicted and observed sor
ghum yields with the improvements made in 
tiliering and caryopsis fillrate. 
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Summary 

Multilocational on-station and on-farm trials at 15 sites 
were carried out during Year 13. These trials were aimed at 
improving tillage and fertilizer practices for dryland sor-
ghum. Results from these trials demonstrated the impor-
tance ofearly primary tillage in achieving better crop stands 
and yields. Tillage and fertilizer interacted at only one of the 
sites, indicating that their effects tended to be independent 
of each other. It was better to apply fertilizer broadcast 
before planting rather than by banding next to the seed. In 
general, lower yields were obtained with animal versus 
tractor draught for tillage operations. However, comparison
of the financial benefits from using animal draught versus 
tractor draught for sorghum production, showed no clear 
trend. Benefits were quite comparable for the two systems, 
with lower yields under animal draught being offset by its 
relatively lower costs. 

Results from the fertilizer studies generally showed sig-
nificant response to P when the initial soil P levels by Bray 
2, the standard laboratory method, was less than 10 mg/kg. 
Production level also must be considered, 

Objectives, Production and Utlization Constraints 

Objectives 

The major purpose of the KSU-107 sorghum/millet ac-
tivity is to assist Botswana's Department of Agriculture 
with dryland sorghum/millet research and development. 
This purpose is achieved by providing research input, tech-
nical assistance as requested, and training of Botswana's 
agricultural research scientists and technicians. 

The specific Year 13 objectives covered in this report are: 

Continue multilocation, mostly on-farm, trials to evalu
ate several tillage systems in conjunction with fertilizer 
applications for their effect on sorghum growth and yield,
soil physical properties, soil moisture conservation, and 
weed control. 

Continue multilocational trials to evaluate the effect of 
P application on hardveld and sandveld soils in Botswana. 

Initiate, using data from 1988/89, b9/90, and 90/91 tillage 
trials, validation of sorghum growth simulation models. 

Constraints 

Most cereal production in Botswana comes from tradi
tional, small-holder, subsistence-oriented dryland farms. 
An average of about 4-5 ha are.ploughed per farm family, 
mostly by cattle or donkey teams, although the use of 
tractors is increasing. Crops are weeded once or not at all. 
Krall manure, fertilizers, pest control, crop rotations, and 
crop residues are rarely used. 

Most arable soils of Botswana are relatively infertile, 
sands, loamy sands, or sandy loams. The soils are "hard-set
ting" i.e they are structureless and become compact, dense, 
and hard when dry, and have low moisture retention capac
ity. All assessments of these soils agree that they are mar
ginal for arable farming. 
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Sites: Selections of these experiments were implemented at 15 sites, which represent a wide range of soil and rainfall 
conditions in Botswana, as follows: 

Site Experiment 

Site Code Farmer El E2 E3 E4 E5 E6 E7 E8 

Chanoga NI Dipuo x x x 

Matsaudi N2 Station x 

Shorobe N3 Station X x x 

Pandamatenga Vl Station x X 

Madangwane 1 F1 Zimnundu X x 

Mathr.ngwane 2 F2 Mpalane x x x 

Palapye M5 PDT (NGO) x x x 

Mahalapye I M3 Lekone x x 

Mahalapye 2 M I Meleme x 

Sebele S1 Station X Xx x x x 

Odi S2 Tau x 

Goodhope G1 Station x x 

Mushopa P3 Mostbiwa x x X x 

Tswidi P2 Kalholelo x x x x 

Sese il Mabine x x x x 

All sitea inthe 1989)90 trials were used in 9091. and six sites were added, nsm:ly NI. N2, N3, VI. S2, and GI. 

It is fairly well-esablished that lack of adequate P in the E6: Crop residue/phosphorus interaction, hardveld & 
soil ;, a major limiting factor for crop growth in Botswana. sandveld. 
However, little is currently known about the levels of P and 
other nutrients that are needed to produce eccnomically E7: Tillage systems by tractor for sorghum, vertisol. 
optimal yields of specific crops on specific soil types in 
Botswana. Parallel studies on soil fertility and its manage- ES: Tillage systems by animal for maize, sandveld & 
ment are needed to complement those on soil moisture molapo fluvisol. 
conservation tillage. 

Experiments El through E5 were the same as for the 
Research Approach and Project Output 1989/90 trials. Experiments E6, E7, and E8 were additional 

for 90/91. 
INTSORMIL in close collaboration with scientists of the 

Dept. of Agricultural Research and the Dept. of Field Serv- Tillage trials El, E2, E3, E7, E8: For El, E2, and E3 at 
ices in the Ministry of Agriculture helped initiate, develop, all sites a selection of the six tillage treatments as for 
and implement a comprehensive program to address the 1989/90 trials were compared with and without fertilizer. 
foregoing needs. Program planning activities were appropri- These treatments were as follows: 
ately structured to ensure that the program remained rele
vant and responsive to the needs in the specific areas of Ti = Conventional: Single mouldboard ploughing on 
research. day of planting. Crop row-planted to obtain 50,000 plants 

per ha../- 10%
 
Multilocational trials were designed to meet t e objec

tives outlined above. These trials are as follows- T2 = Double ploughing: Early spring mouldboard 
ploughing with first rains followed by second ploughing on 

El: Tillage systems by tractor for sorghum, hardveld & day of planting. Crop row-planted to obtain 50,000 
sandveld. plants/ha. +/-10% 

E2: Tillage systems by animal for sorghum, hardveld, T3 = Deep Ripping: Deep ripping to 50 cm on 150 cm 
sandveld, & fluvisol. centres as soon as possible after harvest followed by and 

shaping and other secondary tillage as appropriate with this 
E3: Tillage systems by tractor for maize, hardveld & system. Crop row planted along riplines to obtain 20,000 

sandveld. plants/ha. +/-10% 

134: Fertilizer response for maize and sorghum, hardveld, T4 = Ploughing and Cultivation: Early ploughing as in 
sandveld, & vertisol. T2 followed by fined cultivation on day of planting. Crop 

row-planted to obtain 50,000 plants/ha. +/- 10%
 
E5: Weed control methods for deep ripping, hardveld.
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T5 = Conventional with Wide Row Spacing: As for TI 
but with 150 cm. row spacing as in 13. Crop row planted to 
obtain 20,000 plants/ha. +/-10% 

T6 = Broadcast Plough/Plant: Broadcast seed at 6 kg/ha 
followed by single mouldboard ploughing to 10-15 cm. 
depth. This is the traditional method, 

To compare these treatments with and without fertilizer 
each treatmncnt plot was split lengthwise and commercially 
available single superphosphate fertilizer applied at 15 kg P 
per ha to the same half ofeach plot as for the 1989/90 trials, 
The fertilizer was applied broadcast at planting, except for 
T3, the deep ripping treatment, where it was applied at 
various depths in the riplines at the time of ripping, 

For El all six core tillage treatments were evaluated. At 
sites F1, S1,M3, M4, and J 1other treatments were added to 
meet specific needs and objectives. Treatments were repli-
cated at least twice in a split-plot design with randomized 
complete blocks at all sites with tillage as the main plot 
treatment and fertilizer as the subplot treatment. E2 was 
implemented with treatments T1 through T4 and either T5 
or T6, but using animal draught implements. At M3 two 
treatments T7 and T8 were added. Treatment T3 for E2 was 
designated as chisel ploughing. The strips were chiselled to 
a depth of 25-35 cm using a two-furrow animal drawn 
mouldboard plough fitted with reversible tynes, and the crop 
planted on these 150 cm spaced strips. Trial E3 was imple-
mented with treatments TI through T4 using maize as the 
indicator crop. Table 1 summarizes the rainfall data col-
lected at the thirteen sites. 

TillageTrials 

Tractor implemented trial El with sorghum: Table 2 
presents the results for the effect of the six core tillage 
treatments on grain yields. The climatic, soil, and manage
ment factors at each site are integrated and expressed in the 
grain yield. 

From the results in Table 2 the following are apparent: 

The double plough treatment gave the highest overall 
yield of sorghum grain across all he sites. The yield was 
close to 33% higher than the conventional and plough + 
cultivate treatments, about 50% higher than the broad-
cast/p'ugh treatment, about 80% higher than the cony. + 
WRS treatment, and about 130% higher than the deep rip 

treatment. Increased yields from the early mouldboard treat
ments T2 and T4 were statistically significant at F2, S 1, and 
P3. 

In general, there was high variability in yields (and cther 
components of yield) at the sites as indicated by the high 
coefficients of variation. 

Fertilizer interacted with tillage treatment only at site P2. 
A significant fertilizer response was obtained at only two of 
the ten sites namely, SI and M4. Across sites, fertilizer 
resulted in an overall weak yield response of 13%. 

Animal draught tillage trial E2 with sorghum: The re
suits of similar analyses on yield and components of yield 
done for El are presented for E2 in Table 3 which shows: 

Overall mean yields across sites tended to be lower with 
the animal draught compared to those for El with tractor 
draught, but only by about 15%. 

A distinct overall yield benefit from the early mould
board ploughing for treatments T2 and T4. Overall mean 
yields across the five sites were, respectively, about 48% 
and 38% higher for these treatments compared to the con
ventional treatment. In most but not all the sites, this yield 
benefit appeared tobetheresultofhigherplantpopulations. 
At S1,where the plant population was about 50% higher for 
the broadcast/plough treatment, yields were lower com
pared to TI, 12, and T4. The optimal plant population may 
have been exceeded in this case. 

Chisel ploughing, T3, performed poorly at all the sites. 
Yields were about half those for the conventional and broad
cast/plough treatments and a third those for the double 
plough and plough + cultivate treatments. The chisel 
ploughing treatment had markedly lower plant populations. 

Fertilizer application had no marked effect on yields; the 
response to fertilizer tended to be better at the higher yield
ing sites. 

FertilizerTrials 

Due to the lateness of planting and the unfavorable rain
fall distribution, the crops for E4 were much poorer than in 
the 1989/90 season. A summary of the planting dates, yield 
at zero P fertilizer which gives an irdication of the condi
tions at each site, and CV are given in Table 4. 

Table 1. Rainfall data summarized for thirteen sites used in the 1990-91 illage and fertilizer trials. 
Site 

NI N3 VI FI F2 SI M3 M4 M5 P2 P3 JI 01 
Rainfall 369.3 618.9 453.1 392.9 381.8 562.4 371.9 352.5 407.2 374.0 621.5 351.2 440.9 
Raindays 28 48 47 34 35 47 31 31 23 17 27 26 40 
No.> 10mm 10 20 15 11 12 19 15 13 11 11 17 12 15 
Mean depth 13.2 12.9 9.6 11.6 10.9 12.0 12.0 11.4 17.7 22.0 23.0 13.5 11.0 
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Table 2. Sorghum grain yields kg/ha adjusted for already harvested, grazed and immature heads and 10% 
moisture for El at ten sites used in 90-91 tillage trials. 

Site 

Treatment NI FI F2 SI M3 M4 M5 P2 P3 Inl Mean 
Cony. 
+fert 1203 882 1133 293 1229 1906 1536 164 1434 1087 

-fert 1402 1255 1895 151 1005 768 579 202 1114 930 

Mean 1302 1069 1514 222 1117 1337 1057 183 1274 1008 

DP 

+fert 1020 1441 2519 818 1497 1715 872 242 2211 1371 

-fert 1546 1338 1872 594 947 1235 1032 46 2476 1232 

Mean 1283 1390 2196 706 1222 1475 952 144 2344 1301 

Deep rip 
+fert 1023 552 998 108 922 982 625 134 666 668 

-fert 458 517 1383 126 600 465 611 26 38 469 

Mean 741 535 1190 117 761 724 618 80 352 569 

Plough + cult. 

+fert 1096 1276 1571 874 1207 1860 983 313 747 1103 

-fert 1245 1168 729 672 1648 1423 833 204 796 969 

Mean 1171 1222 1150 773 1427 1641 908 259 772 1036 

Conv. + WRS 
+fert 765 549 1566 80 1024 1219 524 9 469 689 

-fert 740 872 1556 53 1346 1197 550 95 322 748 

Mean 753 710 1561 66 1185 1208 537 52 396 719 
B/cast-plough 

+fert 963 m 1056 m 1457 981 776 183 777 885 

-fert 1338 m 1054 m 922 850 660 289 400 788 

Mean 1150 m 1055 m 1190 915 718 236 589 836 

Overall mean 

+fert 1012 940 1474 435 1223 1444 886 174 1051 960 

-fert 1122 1030 1415 319 1IU 990 711 144 858 852 

Tillage ns na $ n* ns ns n * 

Fertilizer nS ns ns * s * ns n ns 
Tillage x feet. interaction ns ns ns ni ns ns ns ns 

cv main plot % 62.0 42.1 25.8 86.? 31.8 37.5 57.3 80.7 58.3 

cv subplot 18.8 15.1 34.0 37.1 22.2 33.7 63.9 44.1 39.3 
SED, 457 294 218 163 259 322 264 74 388 

SED2 80 67 166 44 104 168 170 23 151 

SED3 478 312 361 177 315 434 396 84 468 

SED4 196 149 407 99 255 411 417 57 369 

df for E, 5 4 10 12 5 5 10 10 5 

df for Eh6 5 12 15 6 6 12 12 6 

'Trial planted butconsidered afailure *, * and ts - respectively, highly significant P(>F) <.01, significant P(>F)> .01 and <.05, ornot significant. 
SED]- for oomparing tillage teatmet means over all fert. levels, SED2 - for comparing fet. treatmnt means over all tillage treatments, SED 3 - for comparing tillage teat
mint means at agiven fen. for comparing fent. not implemented or failed or data lost. level, SED4 - treatment means for agiven tillage treatment, m= 

As can be seen, the trials that were planted early at consideration. Responses were expected at Tswidi, 
Goodhope and Sebele performed much better than the late Mathangwane and Pandamatenga, however, the expected 
planted ones. The trials at JI and N3 failed due to poor result was not obtained at Mathangwane. This was because 
germination and no data are presented for thesesites. Analy- the crop performed very poorly as was seen from the site 
sis of variance (AOV) was carried out using the MSTAT yield level. The poor performance probably resulted from 
computer program and all significance levels were 10%. the very late planting date. 
Regression lines of the form ax 2 + bx +c were fitted to yield 
averaged over all N treatments against P tate or vice-versa, The significant response to P at Goodhope was com
as appropriate. These equations are given in Table 5. pletely unexpected but can be explained when looking at the 

high yield that was obtained from this site. Conditions were 
From the previous two seasons' results, it was expected optimal and management was very gord, so even arelatively 

to find significant responses to applied P up to 5 ppm and high level of soil P was not adequate for maximum crop 
responses up to 10 ppm. However, in this year's results, the growth. This can be contrasted with the situation at Sebele 
effect of yield level at zero P also has to be taken into where, even though yields were high, no response was seen. 

59 



Sustainable ProductionSystems 

Table 3. Sorghum grain yields kg/ha adjusted for already harvested, grazed and immature heads and 10% 
moisture for E2 at seven sites used in 1990-91 tillage trials. 

Site 

Treatment IF2 Si M3 M5 P2 P3 IjI M-an
 

Conv.
 
+fert 1327 1001 493 654 415 778
 

-fen 953 730 548 815 366 682
 
Mean 1140 866 520 734 391 730
 

DP
 
+felt 1209 1501 424 1077 1095 1061
 
-feet 1621 1224 502 1269 881 1099
 

Mean 1415 1362 463 1173 988 1080
 
Chisel plough
 
+fert 325 306 403 156 In 298
 

-fert 453 439 411 168 m 368
 
Mean 389 372 407 162 In 333
 

Plough + cult
 
+fert 1590 1392 531 739 628 976
 
-fert 1579 1638 433 1058 467 1035
 

Mean 1584 1515 482 898 547 1006
 
B/cast-plough
 
+fert 1090 1137 m 446 m 891
 
-fert 1033 635 m 537 In 735
 
Mean 1062 886 m 491 In 813
 
Overall mean
 
+fert 1108 1067 462 614 713 793
 

-fert 1128 933 473 769 571 775
 
1 illage ns 0 ns ns ns
 
Fertilizer na ns i * n
 
Tillage x feut. interaction * ns ns ns ns
 

cv main plot% 62.9 32.5 29.5 61.5 60.7
 
cv subplot % 9.6 21.1 16.6 20.6 34.7
 

SED 497 230 97 301 275 
SED2 48 94 39 64 129 
SED 3 503 274 112 318 317 
SED4 108 211 78 143 223 
df for E. 4 4 3 4 2 

df for Eb, 5 5 4 5 3 

'Trial planted but considered afailure, *., and ns - respectively, highly significant P(>F) < .01, sipliicant P(>P)> .01 and < .05, or not significat. SEDI - for comparing
tillage treatment means over all feet. levels, SED2 - for comparing feat.treatmaent anca over all tillage tmatments,SED3- for compasag tillage treatment means at agi.cn 
teat.level. SED 4 - for comparing est- treatment mean at agiven tillage tetment, m - not implemented or failed or data lost. 

Table 4. 	 Planting dates, mean site yield at zero P and rainfall at site from 1 September through 30 April, for the 
1990/91 fertilizer trials. 

Yield at 0 PI Total rainfall 
Site Planting date kg/ha CV mm 

N2, Matsaudi 28.12.91 very variable 62.4 S18.0 
N3, S~o obe 14.1.91 failed - 618.9 
VI. Pandamatenga 31.12.91 sorghum: 07 17.2 453.1 

F I, Mathangwane 6.2.91 sorghum:178 38.9 392.9 
S 1, Sebele 1.1290 sorghtln:3020 22.5 562.4 

S2, Odi 15.12.91 467 39.9 -
G 1, Goodhope 12.12.90 2085 15.4 440.9 

P2, Tswidi 20.1.91 sorghmn: 217 	 35.4 374.0 

P3, Mashupa 23.1.91 very variable 36.2 621.5 
JI, Sese 11.1.91 failed - 351.2 
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Table 5. 	 Sorght n responses to phosphorus at the The program constituted the main portion of the INT
eight loations. (Yield = ax2 + bx +c). SORMIL CRSP's involvement in the SADCC region. Dur-

R2
Location a b c ing the course of this program, this involvement was 
N2 -0.12 9.53 136.05 .75 coordinated through the Agronomy Department at Kansas 
VI 0.03 2.48 790.46 .85 State University. 
Fl -0.03 3.34 128.34 .24 

SI 0.32 -29.28 280.31 .59 Program Outputs 
S2 0.23 -7.16 484.80 .72 

G1 -1.19 82.13 2180.82 .91 Including the previous research under ATIP, a total of 
P3 0.01 1.02 244.68 .84 eight different trials were conducted at 19 on-farm and 

on-station sites resulting in a total of 115 trial years of data. 
The number md types of sites and trials increzsed progres-

Soil P levels were adequate here to sustain vigorous growth sively over the years. They were distributed over all of 
and the applied P was not utilized. Comparing Goodhope eastern Botswana and in the Molapo areas around Maun.
 
with Pandamatenga; the soil test level was lower at Pan
damatenga than at Goodhope but the response, although The results of this research have been fully documented.
 
showing an increase, was not significant due to the lower They were adequately presented and disseminated locally in 
yield obtained. Botswana through departmental seminars, and externally to 

SADCC researchers through the annual regional workshops 
The foregoing observations show that use of phosphate of the SADCC/ICRISAT/SMIP and the SADCC/ODA 

fertilizers is justified by increased yields on soils that have Land and Water Management Project. They constitute a 
less than 10 ppm soil P by Bray II and on soils with P levels comprehensive database on tillage and fertilizer practices in 
of up to 20 ppm if a high yield can be predicted from past Botswana. From the inception of the program, the field data 
performance. collection was structured with this end in mind. All the data 

cLollected have been computerized and archived in an easily 
Crop Growth Simulation accessible DBASE3 database. Already, the FAO-sponsored 

LUPSAD project which was launched in late 1991, has 
Because of the press of work on reports related to termi- made extensive use of these trial data and results to validate 

nation of this project the work with crop simulation was not their models for dryland crop performance and land use 
accomplished. planning. A recent mission from IBSRAM found the reports 

useful in fulfilling their terms of reference to prepare a 
Because this represents the final report from this project comprehensive plan for the Pandamatenga farms. The re

the following "end of tour" report is included, ports have been requested extensively by BCA students in 
preparing term papers. Copies were collected by numerous 

Program Resume researchers from SADCC countries visiting the DAR. Thus 
the database and reports are serving a useful purpose for 

The main part of this prGgiwn was based on the consen- furthering future agricultural research and development in 
sus that the soil management research work initiated during Botswana and in the SADCC region. 
the final two years of ATIP should be ceatinued for anoi, 'r 
two years. The main technical objective was to continue, and With the MBO approach, DAR researchers participated 
expand on, the ongoing on-farm and on-station research on in all aspects of program planning and implementation. The 
tillage and fertilizer practices across various rainfall and soil program thus resulted in a self-sustaining group within the 
conditions in Botswana. DAR, that is experienced and capable in the conduct of a 

.. ionwide program of applied research in dryland agricul-
A management-by-objectives approach was used to ina- ture. Inaddition, close working linkages have been forged 

plement the program. A multidisciplinary working group between the DAR and other departments in the Ministry of 
consisting of DAR researchers, ALDEP field managers, the Agriculture. Through field days at the trial sites and videos 
SADCC/ODA Land and Water Management Project, and of the program, extension agents have also been brought into
 
FAO/UNDP supported Soil Mapping and Advisory Serv- closer contact and association with DAR staff.
 
ices joint planned and implemented all the field research.
 
Initially, the USAID-sponsored technician chaired and Otheroutputs included visits by campus-based INTSOR
guided the group's activities until a DAR researcher could MIL participating researchers from the University of Ne
take over this function ir.July 1991. braska ,t Lincoln, Kansas Stale University, and Texas A&M 

University. DAR staff were able to benefit from their exper-
Subsidiary aspects of this program fulfilled the broader tise in areas of sorghum and millet breeding, dryland agron

objective of the INTSORMIL CRSP to provide technical omy, and pest and disease control. 
inputs into DAR programs on genetic improvement of sor
ghum and millet and control of pests and diseases of these The program also attempted to further expand external 
crops. institutional linkages for the DAR. This resulted in visits in 
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late 1990 and in mid 1991 by USDA national program 
staffers in dryland agriculture, and by a systems modeler 
from FD collaborating on the USAID-funded IBSNAT 
project. DAR researchers were so ldisored to attend several 
conferences organized by the CRSP in the U.S. and from 
other countries hosting and participating in the INTSOR-
MIL CRSP. 
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Persaud, N., W.D. Joshua, N. Mokete, F. Pule. and T.S. Moroke. Tillage 
and Fertilizer Rese, ch Programme Report on the Soils of the Tillage 
and Fertilizer Trial Sites. 29 March, 1992. 
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Mr. Luis de Angulo, Vice-president, Community Affairs, Arauca Project, Occidental de Colombia Inc.,
 

Apartado Areo 092171, BogotA 
Mr. Darfo NarvAez, CIAT, Apartado Adreo 6713, Cali 
Mr. C~sar Ruiz, Sorghum Breeder, ICA, La Litertad, Apartado Adreo 2011, Villavicencio 
Dr. Fabio Polanfa, Technical Director, FENALCE, Apartado Adreo 8694, BogotA 
Mr. Eduardo Barrag6.n, Sorghum Breeder, ICA-Nataima, Apartado Adreo 527, Ibagu6 
Mr. Ricardo Ramfrez, Farm Director, El AlcaravAn, Vereda Campo Alegre, Municipio de Arauquita 
Mr. Walter Rend6n, Agronomist, ICA-CRECED Arauca, Apartado Adreo 2011, CRI-La Libertad, Villavicencio 
Dr. Evert Vargas, Sorghum Breeder, ICA-Nataima, Apartado Adreo 40, Tolima 
Dr. Guillermo Sdnchez, Entomologist, ICA-Nataima, Apartado Afreo 40, Tolima 

Summary 

The primary objective of this project is to develop mini- To establish a regional program for the development of 
mum-input technology strategies for the evaluation of Al- sorghum and pearl millet germplasra with tolerance of low 
tolerant hybrids and varieties grown in tropical savanna pH tropical soils with phytotoxic levels of Al. 
soils. 

To develop minimum-input technology strategies for the 

Two sets of 125 Al-tolerant A and B pairs have been evaluation of Al-tolerant lines grown in tropical savanna 
distributed to three different NARS (public sector) in South soils.
 
America (IDIAP, Panama; FONAIAP, Venezuela; and ICA,
 
Colombia), and to the private sector (FEDEARROZ, Co- To screen and evaluate Al-tolerant sorghut i hybrids ac
!ombia; CIBA-Geigy, Argentina; ICI, Argentina; and cording to the Al-saturation level.
 
PROSEGRA, Venezuela). Crosses of these sets of lines
 
have been evaluated, using the Al-tolerant lines as females To screen and evaluate a portion of the world sorghum
 
and three different pollinators (TX 430, IA 28, and ICA- and pearl millet collections for tolerance of Al and manga-

Nataima) as males. nese (Mn) toxicities, and low phosphorus (P).
 

ICA is evaluating a new set of advanced materials with To incorporate sources of tolerance of Al and Mn toxici
better agronomic types than those of the world collection. ties, and low P into elite U.S. and tropical sorghum geno

types. 
Objectives, Production and Utilization Constraints 

To establish a regional program for the development of 

Objectives sorghum and pearl millet germplasm adapted to tropical 
environments. 

To establish a Latin American network for the evaluation 
and exchange of sorghum germplasm. To distribute sorghum and pearl millet germplasm devel

oped from INTSORMIL projects and ICRISAT to national 
programs in Latin America and Africa. 
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To train and assist Latin American and African scientists 
in the use of effective breeding and screening methods for 
the adaptation of sorghum and pearl millet to acid soils. 

Assist other INTSORMIL Pis in conducting research in 
Colombia. 

Constraints 

Most Latin American countries are beginning to open up 
their markets by freeing imports; international prices will 
lower domestic prices of some products, especially grains, 

Most sorghum in Latin America is grown on valuable 
lands, making its production unprofitable. An alternative for 
reducing production costs is to incorporate marginal lands 
into the production system. 

Soil acidity is the most important constraint to increased 
sorghum and pearl millet production in South America, 
where the largest acid soil areas in the world are found, 
These acid soils contain levels of Al, and sometimes Mn, 
that are toxic enough to inhibit the growth of major cereal 
crops. This limiting factor can be overcome by using 
germplasm tolerant of high concentrations of Al in the soil. 

A second constraint, possibly more important, is the 
inadequate management of these highly fragile soils. The 
ecosystem can be easily destroyed, not only at soil level, but 
also at the external environment level. Maintaining and, if 
possiblz, improving soil structure and nutrient balance are 
of maximum importance. If the above mentioned savannas 
could be cultivated under a sustainable agricultural system, 
the pressure for land on the Amazon Basin would decrease. 
Agriculture in the savannas can be more easily mechanized 
and harvested products would be closer to population cen-
ters than agriculture in the Amazon region. Crop rotation, 
new fertilization and soil preparation practices, and inte-
grated pest and disease management must become part of 
the research tool kit for the future. 

The third most important constraint to sorghum and pearl

millet production is drought. In many parts of South Amer-

ica, drought, caused by variable rainfall patterns, is an 

annual problem. Drought tolerance in sorghum needs to be
 
studied. 


A fourth constraint to sorghum production is head mold 
diseases in both acid and nonacid areas. Because sorghum 
is not produced in the very dry areas of Snuth America, 
relative humidity is a problem in most production areas. The 
grain loses its quality and the amount of aflotoxins in-
creases. 

Other specific long-term research goals in Colombia are 
research in pearl millet production and other factors that 
affect sorghum production such as pathology (other than 
head diseases) and grain quality. 

Research on acid soil constraints would benefit both 
undeveloped countries and the U.S. in several ways. Al-tol
erant germplasm would help increase sorghumi production 
in acid soils in both regions while using fewer inputs. The 
U.S. would probably receive most benefit through commer
cial seed companies. By using the proven Al-tolerant 
germplasm for hybrids in their overseas operations, multi
national seed companies would encourage spinoff improve
ment in U.S. hybrids, especially if a large enough demand 
develops. Demand for improved varieties and hybrids 
should be ample in Latin America and Central Africa, both 
regions deficient in food and feed grains. 

Research Approach and Project Output 

Adaption of Genotypes to the Environment 

The INTSORMIL Program has developed genotypes
P'tapted to the different ecosystems where sorghum has been 
planted. We must remember that sorghum in Latin America 
is planted as a second crop and, as such, is not a specialized 
crop. When we evaluate and select in the experimental field, 
we must therefore consider HARDINESS as the charac
teristic that makes sorghum more attractive than other crops. 
Its HARDINESS is what allows sorghum to be grown as a 
second crop. If we are to exploit it to our benefit, we need 
to reduce production costs, thus enabling us to compete in 
international markets. Sorghum's international price is usu
ally low, especially in countries such as Argentina, which 
have low production costs and high productivity, or in 
countries with subsidized prices. 

Llanos Orientales (Meta) 

For the Llanos Orientales (Eastern Plains) of Colombia, 
the program has deve!oped genotypes tha: iolerate as much 
as 60% Al saturation (level 2). Areas with good road infra
structure, thus facilitating sorghum production, are areas 
with levels 1and 2 Al saturation. 

Varieties adapted to these ecosystems (levels 1 and o)
would provide an alternative to the commercial hybrids
being grown in these regions, especially in the better (vega) 
soils with Al-sturation levels of less than 30%. 

The new genotypes being evaluated must be highly tol
erant of head diseases, adapted to soils with low exchange
capacity, and resistant to bird damage. Those factors (ex
cluding tannin contents) that influence tolerance of head 
diseases and bird dama,-, must be studied and evaluated. 

Llanos Orientales (Arauca) 

The soils of this region have different levels of Al satu
ration. They range from vega soils (less than 30% Al satu
ration and an exchange capacity higher than 20%) to soils 
with Al-saturation levels above 75% and an exchange ca
pacity lower than 10%. Both types of soils are susceptible 
to flooding. 
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In this Department, genotypes of the world collection 
have been evaluated for four years in regional trials and 
semicommercial fields, to find the best adapted genotypes, 
especially to flooding, which is highly characteristic of this 
region. 

When rains were heavy during flowering, and soils be-
came waterlogged, INTSORMIL's genotypes resisted 
flooding, yielding over 2.5 tons of grain/ha in vega soils 
(level 1). In contrast, in the Arauca Department, if drought 
occurred during flowering, the genotypes of tl first genera-
tion yielded less than 500 kg/ha in level 2 soil (between 30% 
and 60%of Al saturation). THERE ISNO CORRELATION 
BETWEEN ALUMINUM TOLERANCE AND 
DROUGHT TOLERANCE. 

Breeding and Institutional Building in Colombia 

For eight years considerable effort was put into evaluat
ing acid-tolerant lines from the world collection. ICA and 
the El Alcaravdn Foundation, with INTSORMIL's support, 
have been carefully evaluating the possibility of releasing 
three lines adapted to Arauca. The lines are IS 8577, IS 6944, 
and IS 3071. MN 4508 (Sorghica Real 60) and 156-P5 
Serere-1 (Sorghica Real 40) were used as commercial 
checks. 

Originally, 30 lines of the world collection were evalu-
ated in the remote region of Arauca where supplies are not 
easy to get - - an important reason for selecting low-input 
technology for production and evaluation. INTSORMIL 
defines low-input technology in Latin America as requiring 
fertilization levels lower than 60-60-60 of N, P205, and 
K20, with no fungicides or insecticides. 

In Latin America, where rotsfion with rice is used, sor-
ghum is a second crop. Rice is planted in the rainy season 
and sorghum in the dry season when lack of water could be 
a problem. In other regions, rotation is with soy beans or 
cotton. As a result, INTSORIvlL has developed technology 
that can use residual fertilization from the main crop, and 
thus efficiently exploit the soil. 

Characteristics of the genotypes IS 307 1,IS8577, and IS 
6944: 

IS 3071 

1.The main characteristic, very important in Arauca, is 
tolerance of flooding. This genotype may be the first to be 
released for poorly drained savannas (savanna mal-dre-
nada). 

2. Yir'ds are better in the rainy season (first semester) 
than in the dry season (second semester). 

3. It is highly tolerant of head diseases. 

4. Using low-input technology, it has a yield potential 
higher than 3.5 tons/ha in vega soils (level l--with Al 
saturation lower than 30%; and a yield potential higher than 
2 tons/ha in vcgon soils (level 2)-with Al saturation lower 
than 60%. 

5. Plant height in the first semester is about 230 cm. In 
contrast, plant height in the second semester is about 150 
cm. 

6. It can be mechanically harvested. 

7. The grain's protein content is about 12%. 

8. Contents of various polyphenols total less than 1%, 
according to the Foil and Dennis method. 

IS 8577 

1.This genotype tolerates high levels of Al saturation, 
essential in Arauca where 80% of the region's soils are acid. 
It is considered the most tolerant of genotypes with good 
yield potential. 

2. Yields are better in the rainy season (first semester) 
than in the dry season (second semester). 

3. It is highly tolerant of head diseases. 

4. Using low-input technology, it has a yield potential 
higher than 3.5 tons/ha in vega soils (level I)-with Al 
saturation lower than 30%; and a yield potential higher than 
2 tons/ha in vegon soils (level 2)-with Al saturation lower 
than 60%. It can yield more than the economic threshold of 
1.7 tons of grain/ha in soils with Al-saturation levels be
tween 60% and 75%. 

5. Plant height in the first semester is about 215 cm. In 
contrast, plant height in the second semester is about 160 
cm. 

6. It can be mechanically harvested. 

7. The grain's protein content is about 12%. 

8. Contents of various polyphenols total less than 1%, 
according to the Foil and Dennis method. 

9. Its coefficient of sensitivity is lower than, and statisti
cally different to, 1.It is, therefore, a genotype that yields 
better in poor soil conditions such as those with high Al 
saturation. 

IS 6944 

1.The main characteristic is high yield potential, neces
sary for vega soils in Arauca. This genotype may be the first 
to be released for areas with Al-saturation levels lower than 
60%. 
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2. Yie!ds are better in the dry season (second semester)
than in the rainy season (first semester). 

3. It is highly tolerant of head diseases, 

4. Using low-input technology, it has a yield potential
higher than 3.5 tons/ha in vega soils (level 1)-with Al 
saturation lower than 30%; and a yield potential higher than 
2 tons/ha in vegon soils (level 2)-with Al saturation lower 
than 60%. 

5. Plant height in the first semester is about 230 cm. In 
contrast, plant height in the second semester is about 160 
cm. 

6. It can be mechanically harvested. 

7. The grain's protein content is about 12%. 

8. Contents of various polyphenols total less than 1%,
according to the Foil and Dennis method. 

9. This genotype has excellent grain yields. Using low-
input technology, it yields between 2 and 6 tons of grain/ha
in vega soils, depending on the soil's natural fertility. It is 
highly efficient in using phosphorus. 

New Germplasm 

Advanced lines 

Since 1990 a new set of lines have been evaluated with 
the objective of decreasing plant height, keeping resistance 
or tolerance of head mold and yield potential above 3 tons 
of grain/ha while using low-input technology at levels I and 
2 of Al saturation. These lines have been sent from the 
Arauca Project through ICA-La Libertad - Regional 8. 
These lines have the same levels of tolerance as the lines of 
the first generation (lines of the world collection) but their 
better architectural type is more acceptable to farmers. 

Hybrids 

National and multinational seed companies iii Lairi 

America have a special role in the development and research 

of the sorghum crop, both at research and extension levels,

with emphasis on the production and commercialization of 

hybrids. Considering that the new agricultural frontiers for 

the future are the savannas of Latin America with high
Al-saturation levels, germpi 3m must be developed for 
those specific conditions, allowing cropping and increasing
the total production area while preserving the natural re-
source base. INTSORMIL was working on the development
of basic or strategic germplasm that will allow the seed 
industry to be involved in the development of new hybrids 
or varieties for that ecosystem. INTSORMIL is providing A 
and B Al-toierant pairs that can be used by commercial 
companies as female lines with their own R lines as male 
lines, thus allowing each company to keep exclusivity for 

its final product. Such a methodology will have a multiplier
effect, because each company would evaluate the basic 
germplasm according to specific genetic combinations and 
to the specific markets they are targeting. 

In summary, INTSORMIL would distribute the basic 
germplasm and the comnercial seed companies would de
velop and commercialize the final product. At the same time,
INTSORMIL aims to decrease the original large number of 
A and B lines to a small number by evaluating the general 
and specific combining abilities of the original sets (125 A
and Bpairs), using iA 28, ICA-Nataima, and TX 430 as male 
lines. 

Every year, ICA, INTSORMIL, FENALCE, and El A]
caravdn develop detailed work plans that become a formal 
part of INTSORMIL's collaborative effort. An operating
budget isthen developed to support the research formalized 
in the work plans. 

In cklse cooperation with Project MSU-104, the main 
breeding and evaluation research was accomplished in Co
lombia at CIAT-Palmira, CIAT-Quilichao, ICA-La Liber
tad, and Arauca, and in the U.S. at Mississippi State 
University. ICA carried out breeding at Nataima and La 
Libertad and evaluations at La Libertad and other acid-soil 
sites in the region. INTSORMIL carried out collaborative
breeding and screening activities at Project MSU- 104 *nater 
nursery research sites in Colombia and also conducted other 
evaluations in Africa. 

Most of this year's research aimed to support ICA in 
developing the agronomic package for the release of future 
varieties, in particular to develop minimum-inoit technolo
gies for the evaluation and production of Al-tolerant lines 
grown in tropical savanna soils. By using first-generation
lines from the world collection, uniform regional yield trials 
were conducted at sites determined by national programs in 
Colombia (La Libertad and Arauca), Venezuela, Peru, and 
Brazil. 

Because ofquarantine problems with Texan germplasm, 
the genotypes sent by Dr. Darrell Rosenow in 1991 are being
increased at CIAT. In cooperation with other INTSORMIL 
projects, drought-tolerant sorghum germplasm (Project
TAM-122) was evaluated in Motilonia (in collaboration
 
with FENALCE), on tie Colombian Atlantic Coast, and at
 
Nataima. Pearl millet germplasm (UNL-1 18 and KSU-101) 
was evaluated at ICA-La Libertad. Future phosphonus-effi
ciency research will be conducted with UNL-l 14. Studies 
on use of sorghum in food products involve direct consult
ation between ICA and INTSORMIL's food quality pro
jects. With the El Alcaravdn Foundation, two projects were 
conducted on the use of sorghum. One project chemically
characterized and analyzed tie digestibility of sorghum for 
monogastrics. High levels of both protein (12%) and digest
ibility were found in sorghum grown at 10% Al saturation 
in lines MN 4508, 156-P5 Serere-l, and IS8577. In a 
cooperative experiment between the National University of 

66 



Sustainable Production Systems 

Palmira, CIAT's Cassava Program, and INTSORMIL, sor-
ghum was compared with cassava for feeding rabbits. Sor-
ghum (PPQ-2) was found to be a more effective diet than 
cassava. 


Breeding material was generated from crosses among 
Al-tolerant sources, agronomically elite lines, and new 
sources of tolerance. Different sets of segregating material 
were sent from MSU-104 to be screened at Colombia. Dr. 
George Teetes's sets have been increased at CIAT and tested 
under different levels of Al saturation with good results. 
They were further screened forplant height and tolerance of 
head mold diseases. Because the first-generation lines from 
the world collection are tall and late maturing, we aimed to 
reduce height and maturing time while keeping tolerance of 
head mold diseases. The world collection lines were 
grouped according to Al tolerance. Yield trials of the agro
nomically best performing and Al-tolerant lines were con-
ducted by ICA and El Alcavaran at different levels of Al 
saturation. In an evaluation of the stability of these lines, 
Osorio found that IS 8931 was the most stable, according to 
the D.;,by (1979) method modified by Granados. 

All research conducted for INTSORMIL Project MSU-
111 follows the low-input technology approach. Dolomitic 
limestone (300 kg/ha) is used more as a source of calcium 
and magnesium than for correcting the acidity of the soil. 
Only 60-60-60 of N, P205 , and K20 is used. 

Concept of Al-saturationLevels 

Since the concept of Al-saturation levels was first devel
oped, different nurseries for each level have been main-
taineo independently. Studies show that lines from F2 or F3 
popul itions selected for nonacid sofls would lose their tol-
erance of A! !oxicity if only one parent were Al tolerant. 

Original classification 

Three classes of Al saturation have been selected accord-
ing to the performance of genetic material in yield trials and 
other related research. Acid-soil savannas were grouped into 
classes and subclasses, according to the levels of Al satura
tion in the soil. 

Class 1 0%-35% Subclasses 0%-20% 
21%-35% 

Class 2 36%-60% 	 36%-45% 
46%-60% 

Class 3 61%-90% 	 61%-75% 
76%-90% 

New approaches 

Scientists from ICA and FENALCE in Colombia, and 
EMBRAPA in Brazil, suggested changes in the original 
classification developed by INTSORMIL to include aspects 

not considered in the first classification, such as P content, 
organic matter, exchange capacity, and origin of soil. 

This new approach is very significant in that it indicates 
not only the level of Al saturation at which a variety can 
produce economic grain yields, but also the agronomic 
management suitable for that line at a particular level of Al 
saturation. Varietal response to the different agronomic 
practices has been found to be directly related to the Al-satu
ration level of the soil in whic' the variety is growing. The 
basis for the new classification is: 

Low stress 

Soils with pH between 4.5 and 6.5 
Origin: alluvial 

P20 5 CEC OM 

Class A 0% 2:% ,lsat. + 10 +20 + 4 
- 10 +20 +4 

Class B 21%-30% Al sat. + 10 + 20 + 4 
-10 +20 +4 

Class C 0%-30% Al sa:. + 10 + 30 -4 
- 10 +20 -4 

Class D 0%-30% Al sat. - 10 + 20 +4 
- 10 -20 -4 

Origin: nonalluvlai 
Soils improved through lime applications or management 
through time. 

P20 5 CEC OM 

Class A 0%-20% Al sat. i-10 + 20 +4 
-10 +20 +4 

ClassB 21%-30% Al sat. +10 +20 +4 
-10 +20 +4 

Class C 0%-30% Al sat. +10 +30 -4 
-10 +20 -4 

Class D 0%-30% Al sat. - 10 +20 + 4 
-10 -20 -4 

Medium stress 

Soils with pH between 4.5 ind 6.5 
Origin: alluvial 

P205 CEC OM 

Class A 30%-45% Al sat. +10 + 20 +4 
-10 +20 +4 

Class B 30%-45% Al sat. + 10 + 20 + 4 
-10 +2(' +4 

Class C 46%-60% Al sat. +10 +30 -4 
-10 +20 -4 

Class D 46%-60% Al sat. - 10 +20 +4 
-10 -20 -4 
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Origin: nonaluvial generation lines from INTSORNML do not suffer effects
 
Soils improved through lime applications or management from these levels of Al saturation.
 
through time.
 

Class 2, 30%-60%--Medium stress; Subclass 30%-45%,
P20 5 CEC OM Vega. No susceptible commercial variety or hybrid will 

produce economically under these conditions. First-genera-
Class A 30%-45% Al sat. + 10 + 20 + 4 tion line from INTSORMIL, 155-P5 Serere-1, is being 

- 10 + 20 +4 planned for release for this Al-saturation level. Grain yields
Class B 30%-45% Al sat. + 10 +20 + 4 expected to be about 3 I/ia, according to Walter Rend6n 

- 10 + 20 + 4 (1988). The economic threshold for the Llanc. Orientales,
Class C 46%-60% Ad sat. + 10 + 30 -4 giving 15% profit, is 1.7 O/hm. 156-P5 Se'ere-1 is one of the 

- 10 + 20 -4 shortest of the first-generation lines and has excellent agro-
Class D 46%-60% Al sat. - 10 + 20 +4 nomic characteristics for these conditions. 

-10 -20 -4 
Subclass 46%-60%. Lines such as MN 4508 and IS 9084 

High stress performed well under these conditions, although more Al 
tolerance is necessary for these conditions. In this subclass,

Soils with pH between 4.5 and 6.5 the height of first-generation lines reduces to under 170 cm 
Origin: alluvial and grain yields are about 2.5 tlha. 

P20 5 CEC OM Class 4, 61%-90%; Savanna-High stress; Subclass 
61%-75%. Only one first-generation line, IS8577, will have 

Class A 61%-75% Al sat. + 10 + 20 +4 economic grain yields under these conditions. Height is 
- 10 + 20 +4 heavily reduced and drastic stress is evident in most first-

Class B 61%-75% Al sat. + 10 + 20 + 4 generation lines. IS8577 yields about 2 t/ha in this subclass. 
-10 +20 +4 

Class C 76%-90% Al sat. + 10 + 30 -4 Subclass 75% and above. No germplasm now available 
- 10 + 20 -4 yields economically in this subclass. An intensive selection 

Class D 76%-90% Al sat. - 10 + 20 +4 of the most tolerant lines both for varieties and hybrids is in 
- 10 -20 -4 process. Hybridization may be the most appropriate genetic

approach to solve this limitation.
 
Origin: nonalluvia!
 
Soils improved :':-ough lime applications or management Collaborative Sorghum Research
 
through tine.
 

Uniform regional yield trials were conducted at 
P20 5 CE COM Quilichao, La Libertad. and Arauca (Colombia), and at sites 

detcemhied by national programs in Venezuela, Peru, and 
ClassA 61X-75% Al sat. +10 +20 +4 Brazil. 

-10 +20 +4 
Class B 61%-75% Al sat. + 10 + 20 + 4 Because three varieties m,.'y be released in 1993, consid

- 10 +20 +4 erablheffort was placedin semicommercial fields consistent 
Class C 7C%-90% Al sat. + 10 + 30 -4 with the specific levels of Al satration where each variety 

- 10 +20 4 may be released. FENALCE, ICA, CRECED, and the El
Class D 76%-90% Al sat. - 10 + 20 + 4 Alcaravdn Foundation have been and witl continue to be in 

- 10 -20 -4 charge of these semiconimercial fields. In collaboration 
with CIAT, INTSORMIL will increase basic seed for ICA. 

Level 1 INTSORMIL and CIAT will use, the profits obtained from 
basic seed productio- to support ICA's program. 

Class 1,0%-35%--Low stress; Subclass 0%-20%, Vega.
All susceptible genotypes can perform well under these In cooperation with other INTSORMIL projects,
conditions. The susceptible commercial aybrids and varie- drought-toleran: sorghum germplasm (Project TAM-122)
ties have the potential to produce a grain yield of over 3.5 was evaluated at Codazzi (in collaboration with FEDEAR
t/ha. INTSORMIL material is tall under these conditions ROZ), and in regional tests in the Atlantic Coast and 
but with a grain yield of 4 t/ha. Nataima. Phosphorus efficiency research will be conducted 

in cooperation with Project UNL-1 14. Studies of sorghum 
Subclass 21%-25%. In this class, Al saturation aificts as r raw rn"erial for food products will involve direct 

highly susceptible germplasni and most commercial hybrids consultation between ICA and INTSORMIL's food quality
have reduced grain yield. Only the most Al-tolerant hybrid projects. 
will produce reasonably well under these conditions. First
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Collaboration with ICA and the El Alcaravdn Foundation 

La Libertad,Colombia 

Over the last three years, regional trials formed the Pro-
ject MSU-1 's main approach for acid soils in Colombia. 
Because ICA also has a scientist assigned to this region (Mr. 
Walter Rend6n), all work done,in El Alcaravdn is replicated 
in full in ICA-Arauca, with the cooperation of ICA and the 
El Alcavardan Foundation. The El Alcaravin provided sup-
port for the evaluation of new segregating materials and 
hybrids. Joint evaluation of these new lines will strengthen 
cooperation and result in better defined goals and ob.;ectives 
among El AlcaravAn, ICA, and INTSORMIL. 

La Libertad has a well-drained savanna ecosystem, 
whereas Arauca has a poorly drained savanna ecosystem. 
Twenty-five Al-tolerant lines were tested in these regional 
triazj. As aresult of the trials and additionalrelated research, 
'.,,se acid-soil savannas were classified according to the 

levels of Al saturation in their soils. La Libertad continues 
to be the main site for evaluating and selecting macterials 
adapted to acid-soil conditions in well-drained savannas. 

Department ofArauca,Colombia 

Since 1988, sorghum research has been conducted in 
Arauca in collaboration with the El Alcaravdn Foundation, 
which provided the funds for the experiments. Arauca, 
typified by poorly drained savannas, was a new research 
areainColombiaforINTSORMILandbothnormalandacid 
soil sites were used to evaluate sorghum and pearl millet, 
enabling tht roiect to test selected advanced materials in 
acid and nonacid soiis. Regional trials have been conducted 
with first-generation lines and resulting progeny was tested 
;n semicommercial fields. In Arauca, research was carried 
out at three sites with high levels of Al saturation, and five 
sites with nonacid soils, according to the classification of 
k -saturation levels. 

The El Alcaravtln Foundation supported the B.Sc. thesis 
yAdolfo Gasca, entitled "Evalation of General and Spe-

by 
cific Combini 'Abilities of Al-tolerant Lines in Arauca." 
A second thesis aims to dctermine the stability of 29 sor-
ghum genotypes, including the first-generation lines in 


Amuca. 

Formation of a Network for the Irtroduction,Inter-

change, Storage, Increase, and Dist.ibution of 
Germplasm 

and Millet Collaborative 
The INTSORMIL Sorghum 

Program, which is headqurtcred at CIAT, has promoted 
and established a Latin Arneian netwo -kthat involves both 
public and private sectors at the natiorial and international 
levels in the introduction, interchange, storage, increase, and 
diistribution of gcrmplasm. The network will be located at 
CIAT and will maintain the most advanced sources of 
genetic resistance and variability available in advanced re

search institutions around the wortd for those Latin Ameri
can research institutions v,'";vork on sorghum and pearl 
millet. 

The companies who will rece;,,e the most benefit will be 
the small national companies which will then be able to get 
germplasm sources for developing the new lines available 
in the main research centers but which, for different reasons, 
are not available to the small Latin American research 
institutions. 

With few resources, this network can have grcat imipact 
in Latin America. 

Networking Activities 

Annually, a workshop is organized by ICA, the El A]
caravdn Foundation, FENALCE, and the univermties. The 
idea is to share all iesearch resots of experiments done in 
Colombia. The El Alcaravdn has been supporting the annual 
publication of this proceedings. 

The meeting is significant, being the only opportunity 
where a full utxlating is carried out and a work plan imple
mented with the participation of all institutions involved in 
Colombian sorghum research. In 1990, the private sector 
became involved and future results are expected to be better. 

An international meeting, emphasizing crop protection, 
is to be held at ICA-i ibaitaA, Colombia, with the participa
tion of all Latin American countries. This meeting may 
provide the basis for a Latin American Sorghum Network. 
INTSORMIL is playing a major role in the realization of 
this event, to be held during the last week of January, 1993. 
The meeting is expected to bring INTSORMIL scientists 
and Latin American scientists closer, thus strengthening the 
possibilities of improved research in crop protection. 

Publications 

Caldcr6n, M. A. 1990. Deerminaci6n de Iadigestibiliuad in situ y com
posici6n quinica del forraje de diferentes genotipos de sorgo (Sorghum 
bicolor) y millo (Panicum miliaceum) en diferentes etapas de cre

cimiento. Tesis zooctecnia Facultad de Ciencias Agropecuarias. Uni

versidad Nacional dc Colombia, Palnira, Colombia. i87 p. 
Fundaci6n El Alcaravk/VINTSORMIL.CIAT. 1991. Inforne de las activi

dad de invetigacins ralizadas en Colombia en lCultivo de Sorgo.
 

Bogoti, Colombia. 300 p. 
Muiloz-Aguedas, . 1991. Seminario sobre ci gusano cogollero Spodop

terafrugiperda. Comit Interititucional de Sorgo (CIS) and CIAT, 
Cali. Colombia. 12 2 p. 

SAnchcz-Cortts, L. 1990. Caracterizaci6n qufmica y detenminaci6n de Ia 
digestit-iidad invivo de diferenirs genotipos de sorgo (Sorghwn bi. 
color). Tcsis zootecrda. Facultad d Ciencias Agropecuaai ias, Univerai
dad Nacional de Colombia, Pahunira, Colombia. 206 p. 
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Table 1. Nutritive valuea (in percentage) of different sorghum varieties included in the INTSORMIL collection 
and in commercial materials harvested in Arauca. 

Varietyb DM CF SP NFE Sc T IVDMD IVDMD' Ca P GE DE 

IS 2765 
IS 3522 
IS 6944 

85.02 
8M.60 
85.23 

8.42 

9.12 
9.64 

50.50 

31.92 
56.20 

81.07 
79.72 
76.30 

1.60 
1.59 
1.34 

0.80 

1.29 
0.80 

97.20 
92.29 
91.36 

0.017 
0.012 
0.018 

0.37 
0.38 
0.50 

(CSJ/g) 
4538 

4610 
4570 

(McaIlA) 

IS 715i 
IS 8577 

IS 8931 
IS8996 

85.41 
86.23 

84.56 
85.68 

9.62 
11.35 

10.40 
9.02 

41.79 
45.00 

44.99 
43.51 

77.99 
78.42 

76.68 
78.78 

1.64 
1.45 

1.63 
1.93 

1.28 
0.82 

0.91 
0.92 

84.48 
78.3 

88.15 
85.26 

88.40 
0.017 
0.016 

0.018 
0.021 

0.53 
0.35 

0.48 
0.43 

4634 
4547 

4558 
4589 

4.000 

IS 084 

IS 9938 
IS 9945 

86.17 
86.2) 
86.38 

9.93 
10.56 
10.84 

48.51 

42.99 

49.24 

78.63 
80.00 
78.56 

1.85 
1.49 

1.49 

0.76 
1.29 
1.15 

87.04 
85.54 
82.62 

0.018 
0.019 
0.014 

0.47 

0.53 
0.39 

4609 

4654 

4506 
IS 12152 
MN 4508 

PPQ 2 
Serere-1 

86.95 
86.63 
86.81 
84.87 

11.06 
10.44 

9.08 
11.87 

45.69 
44.92 

42.25 
50.87 

78.68 
79.66 
80.19 
78.18 

1.52 
1.52 
1.56 
1.34 

1.25 
1.27 
0.91 
0.65 

79.92 
85.68 
83.69 
82.30 

89.70 

88.04 

0.017 
0.016 
0.020 
0.015 

0.37 
0.41 

0.43 
0.35 

4627 

4528 

4516 
4558 

4.035 

3.977 
Icaima 
ICA-Nataima 

87.23 
86.66 

8.78 
11.00 

35.80 
55.74 

8".24 
81.03 

1.30 
1.05 

0.87 
0.65 

77.07 
70.37 

0.013 
0.03 

0.29 
0.30 

4477 
4436 

DM=Dry matter CP=Ciude protein; SP=Soluble protein; NFE=Nitrgen-free extract; SC-Soluble carbohydrates; T=Tannins; IVDMD-Iz vitrodry matter dig-stibility.b Sorqhum varieties cultivated in savannas.. In vivo dry matter digestibility; Ca=Calciuni; P--Phosphons; GE-Gross energy (Cal/g); DE=Digestibility nergy (Mcal/g). 
Source: Sinchez-Cortas, 1990. 

Table 2. Environment index for five lines evaluated in Arauca through 21 locations between 198b and 1991.Environmental IS 8931 Sere-1 MN 4508 Icaima IS 8959Index (pr-0.98) (pr=-1.12) (pr=-1.09) (pr= 1.26) (pr=1.38) 
- 1537.1 1075.7 619.7 1007.3 664.4 
- 1506.7 1105.4 653.7 1040.5 706.5 
-179.2 1141.1 694.5 1080.3 689.9 756.9 
- 1079.0 1523.5 1131.5 1507.2 1181.4 1297.6 
- 842.6 1754.6 1395.6 1765.1 1624.3 

704.0 1890.1 1550.5 1916.4 1815.8 
- 646.3 1046.5 1615.0 1979.4 1895.8 
- 559.3 2031.5 1712.1 2074.3 1934.3 2015.9 
- 347.0 2239.0 1949.3 2305.9 2309.3 
- 134.4 2446.9 2186.9 2537.9 2603.3 

63.8 2515.9 2265.7 2615.0 2700.9 
222.4 2795.7 2585.4 2927.2 3096.4 
359.8 2930.0 2739.0 3077.2 2989.0 3286.3 
425.5 2994.2 2812.3 3148.8 307.4 3377.1 
506.5 3073.4 2902.9 3237.2 3489.1 
980.9 3537.1 3432.8 3754.8 3769.2 4144.8 

1113.0 3666.2 3580.4 3899.0 4237.4
1132.1 3684.9 3601.7 3919.8 3959.1 4353.8 
1301.0 3850.0 3790.4 4104.1 4171.3 4587.3 
1335.9 1884.1 3829.4 4104.2 4215.2 4635.5 
1513.4 4057.6 4027.9 4335.9 4880.8 
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Table 3. Hybrid evaluation of A and B pairs at the El Alcaravin Nueva Sede, Arauca, 1991 B. 
Number Pedigree Yield Plant height 

1 MS (AT2)- 3-6-1-1-1 X IA28 511.25 125 

2 MS (ATI)- 26-1-1-1-1 X IA28 4510.90 142 

3 MS (ATI)- 3-2-2-1-1 X TX430 4449.85 114 

4 MS TX623 X C"X430 X IS 8577)-26-1-2-1 4353.00 225 

5 MS TX623 X IA28 4310.10 153 

6 MS (AT1)-24-5-2-1-2 X TX430 4201.80 143 

7 MS TX623 X (TX430X MN4508)-14-1-1-1 4190.80 128 

8 MS TX623 X TX430 4102.35 169 

9 MS (ATI)-24-5-2-1-1 X IA28 4087.20 126 

10 MS (AT2)-7-5-1-2-2 X IA28 4056.35 136 

11 MS (ATI)-26-1-2-2-2 X TX430 4002.80 138 
12 MS TX623 X (NB9040 X IS 8577)-9-2-1-1 3984.00 127 

13 MS TX623 X (TX430 X IS 6944)-12-2-1-1 3963.80 170 

14 MS (AT2)-3-3-1-1-2 X IA28 3954.55 127 

15 MS (ATI)-24-5-2-1-2 X IA28 3897.70 144 

16 MS (AT2)-27-1-1-2-1 X IA28 3889.10 110 

17 MS (AT2)- 10-6-1-2-2 X 1A28 3878.00 120 

18 MS (AT2)-10-6-1-2-2 X IA28 3872.60 133 

19 MS (AT2)-7-5-1-2-1 X IA28 3755.25 133 

20 MS (ATI)-27-2-1-1-1 X IA28 3708.70 126 

21 MS (AT2)-9-3-1-2-1 X IA28 3689.55 137 

22 MS (ATI)-36-4-2-2- 1 X 1A28 3684.60 135 

23 MS (ATI1,-48---2-2-2 X IA28 3684.50 131 

24 MS (ATI) 27-2-1-1-2 X IA28 3674.85 132 

25 MS TX623 X (TX430 X IS 9084)-2-1-1-1 3661.10 163 

26 MS (AT1)-26-1-2-2-1 X TX430 3623.20 130 

27 MS (ATi)-45-1-2-1-1 X IA28 3621.05 112 

28 MS (ATI)-25-6-1-2-1 X IA28 3606.10 138 

29 MS (AT2)-14-1-1-1-1 X IA28 3582.70 122 

30 MS Wheatland X (TX430 X IS6944)-18-1-2-1 3579.40 140 

31 MS (AT2)-3-6-1-1-2 X TX 430 3576.90 145 

32 MS (ATI)-48-2-2-2-2 X IA28 3568.05 107 

33 MS (ATI)-52-2-1-3-2 X IA28 3566.70 128 

34 MS (ATI)-24-5-2-1-2 X TX430 3556.00 113 

35 MS (AT2)-7-3-1-1-1 X IA28 3553.85 146 

36 MS Wheatland X (TX430 n F Gunk)-6-1-2-1 3536.55 140 

37 MS TX 623 X (NB9040 X IS 8577)-37-1-2-1 3535.30 132 

38 MS TX623 X (NB9040 X IS 8577)-26-2-2-1 3529.90 172 

39 MS TX623 X (NB904OX IS 9084)-8-1-1-1-1 3519.80 115 
40 MS Whcstland X (TX430 X IS6944)-12-2-1-1 3499.70 113 

41 MS (AT2)-25-1-1-2-1 X TX 430 3486.15 141 

42 MS (ATI)-27-2-1-1-2 X IA28 3474.85 117 

43 MS (ATI)-36-4-2-2-2 X IA28 3465.90 110 

44 MS (ATi)-55-1-1-2-1 X IA28 3463.90 137 

45 MS (ATI)-48-2-2-2-1 X IA28 3457.85 162 

46 MS TX623 X (TX430 X F Gunk)-5-2-1-1 3417.25 122 

47 MS (ATI)- 26.1-2-2-2 X IA28 3396.65 145 

48 MS (ATI)-24-5-2-1-1 X TX430 3386.95 

Table 4. Plant height and yield of Sorghica Real 60 and Surghica Real 40, compared with three other genotypes 
planted in acid soils with Al-saturation levels between 40% and 60%. Average data for 12 sites in the 
Department of Meta, Colombia. 

Yield (ke/ha) 
Genotype Plant height (an) Semester A S, mester B Average 

Sorghic4 Real 60 182 3224 2994 3109 

Soighica Real 40 162 3283 2793 3038 

IS 3(771 190 2839 2421 2630 

IS 8577 187 3312 2795 3053 

IS 6944 189 ?609 2283 2446 
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Summary 

In the Sudan by the end of the '80s, there was an increas-
ing introduction of Hageen Dura-1 (HD- 1)in the Gezira in 
spite of an initial large price differential with local sorghums 
and complaints about taste and "kisra" quality differences 
when introduced in the mid-'80s. This continuing diffusion 
indicates the nature of consumer preferences when a sor-
ghum substantirlly outyields local cultivars. Within some 
range, food preferences appear to be a function ofeconomic 
factors. The appropriate analysis of consumer taste con-
straints is dynamic, i.e., how do preferences change? With 
HD-I introduction, taste preferences apparently evolved 
over time as reflected in the elimination of the price differ-
ential between sorghum types. 

The more difficult Sahelo-Sudanian agro-climatic zone 
contains most of the crop area ofNiger. With scarcer rainfall 
and sandier, often low-fertility soils, agricultural production 
is difficult. As the fallow period is reduced and eliminated 
with increasing population pressures, alternative methods of 
raising soil fertility, such as chemical fertilizer, become 
increasingly important. Modeling is utilized to indicate 
those regions where, with changes in policy or specific
technical adaptations, chemical fertilizer can become a vi-
able activity and would be adopted. A research resource-al-
location strategy could utilize these differences to define 
priority crop production regioths. 

In Burkina Faso and Honduras, the programming analy
sis indicated the potential for yield-increasing technologies 
including water-retention or soil-conservation improve
ments. These should not only increase yields but also make 
the agricultural systems more sustainable. The water-reten
tion/soil-conservation measures made other technologies, 
including chemical fertilizer and, in Honduras, new sor
ghum cultivars more profitable. Policy changes to moderate 
the sorghum price collapses of good rainfall years in Hon
duras and to reduce the real costs of inputs, as with infra
structure improvements in Burkina Faso, both had 
substantial effects on new technology adoption. Supporting 
evidence for model predictions was also observed in recent 
fieldwork in both countries. 

Objectives, Production and Utilization Constraints 

Objectives 

Estimate the potential impact and sustainability of new 
technologies in various priority regions for INTSORMIL. 

Evaluate the farm-level impact of various agricultural 
and economic policies in facilitating technology introduc
tion. 
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Undertake farm-level surveys in priority regions for new 
technology introduction to estimate diffusior. and to con-
struct more realistic farm-level models, 

Identify farm-level constraints to new technology intro-
duction, including those from technical, policy, and farm-
ers' objectives, 

Evaluate the impact of performance of input and product 
markets in affecting technology introduction, 

Constraints 

Sudan 

Taste and preparation differences between a new cultivar 
and traditional cultivars have frequently been considered as 
critical factors constraining adoption. This constraint is 
evaluated over time with data on price differentials betwen 
sorghum cultivars. Sudan is known for pervasive govern-
mental intervention in the economy. The impact of these 
distortions on the main staple, sorghum, specifically on the 
returns to new technology adoption is evaluated here. 

Niger 

As the fallow system disappears with higher population 
piesures, soil-fertility maintenance and improvement will 
become increasingly important research and farmer objec-
tives. The simplest way to resolve soil-fertility problems is 
to use chemical fertilization. However, fertilization often is 
not profitable or there are other farm-level barriers to its 
introduction. Programming models were employed to 
evaluate the farm-level constraints and the potential for 
fertilizer introduction. 

Burkina Faso 

One of the puzzles of the development process in the 
Sahel is when the shift will occur from the introduction of 
extensive or area-increasing technology, such as animal 
traction, to intensive or yield-increasing technology includ
ing new cultivars and agricultural chemicals. Many possible 
constraints have been suggested for failures to adopt inten-
sive technologies. Two will be evaluated in this report. First, 
as long as there is abundant, low-cost bush-fallow land, 
there is little economic incentive to substitute for Land with 
these new inputs. Secondly, if cereal production is not very 
profitable, there is little incentive to use new inputs, espe-
cially those associated with high labor requirememts, such 
as water-retention technologies, 

Honduras 

The farmers of southern Honduras face three major con-
straints. With soil degradatien especially on the hillsides, 
maize and sorghum yields have been declining over time. 
Labor-intensive conservation devices are required to stabi-
lize the hillsides and prevent the farms from being eroded 

into the valley. Moreover, these conservation techniques 
will provide increased water availability, reducing one of 
the main yield risks in the system. The intercropping of local 
tall sorghums (maicillos) with maize stabilizes cereal avail
ability to the households for different rainfall regimes. Sec
ondly, with high yield and price risks, few inputs are used 
in these production systems. New cultivars respond well to 
increased input use, especially chemical fertilizer. Third, in 
normal to good rainfall years, the prices of sorghum and 
maize collapse. The combination of yield collapse in poor
rainfall years and price collapse Ingood-rainfall years sla
bilizes expected farm incomes at low levels. 

Research Approach and Project Output 

Sudan 

With the high sorghum prices of the drought year (1984
t5), crop area increased in the next year from 2.1 million ha 
to 3.7 million ha on the mechanized vertisols and from 3.4 
million ha to 5.5 million ha in the country. Not surprisingly, 
sorghum prices collapsed (Fig. 1). One important public 
agency abruptly stopped buying a new -orghum hybrid, 
Hageen Dura- I (HD- 1)and the price fell even lower for this 
new hybrid. At this roint with large sorghum supplies and 
low prices, farmers and consumers noted differences in seed 
size, milling hardness, and poorer "kisra" quality of HD- 1. 

However, in the Gezira, fertilizer use with irrigation 
water is profitable and HD-l responds better to fertili7atior 
than traditional sorghums do. Even with low levels of 
chemical fertilizer, there is a yield advantage to HD-1 of 0.6 
t/ha. With moderate fertilization, HD-1 gave over 3 t/ha, a 
substantial advantage over the traditional cultivar yields of 
I to 1.5 t!ha. These yield differences were on farmers' fields 
with farmers' practices (Ahmed and Sanders, 1992, p. 22). 
The price differentiali between HD- 1 and other sorghurns 
disappeared by the end of the '80s (Fig. 1). In field surveys 
in the Gezira in the sum..er of 1990,90% of the 56 farmers 
interviewed asserted that the "kisra" from HD- 1w, sas good 
or better than that from other cultivated sorghums. 

Taste preferences are evaluated at a giv. :nt of time. 
The observed convergence of these price cifferenceq indi
cates an evolution of tsies. The substantial yield differences 
make the new cultivar much more profitable under high-in
put .-onditions than the traditional sorghums. These eco
nomic factcrs are hypothesized to influence consumei 
preferencrs nver time. Technology introduction and con
sumer prefererces need to be analyzed dynamically over 
time as economic factors arc expected to influence both with 
some lags. 

In the 1991 annual iepor,, the importance %,-price and 
exchange-rate distortions on the profitability of Sudanese 
agricultural activities has been emphasized. Except for fa
vorable rainfall years, th-e world sorghum price has her, 
substantially belw the Sudanese sorghum price at official 
exchange rates. -owever, eliminating the overvalued ex

73 



SustainableProductionSystems 

Figure 1. The price differential of HD-1 relative to traditional sorghum vatieties, 1985-90. Source: Ahmed and 
Sanders, 1992. 
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change iates removes much of this price distortion. Hence, to make these production systems sustainable and to prevent
there is no systematic public policy either reducing or ir.- soil mining, various policy and technical changes werecreasing the profitability of sorghum production. Eliminat- simulated to evaluate how to get chemical fertilizer into the
ing all these distortions does moderately reduce the cropping system. Most policy changes did not affect fertilprofitability of sorghtum. However, the effect is much less izer use because there were alternative investment opportu
than on the export crops such as cotton. Moreover, the rate nities with higher reums available to these farmers (Shapiro
ofreturn from research on HD-1, although slightly reduced, et al., 1992).
still remains favorable, indicating a profitable social invest
ment (Afmed and Sanders, 1992, p. 27). However, the availability of longer-seasGo cultivars with 

the ability to take advantage of early rains and fertilizationNiger did result in their introduction in the model for years with 
adequate early rainfall (Table 1). The period 1968-85 in-After intensive fieldwork over 16 months in Niger, farm cluded several major dr( ,ghts and rainfall one standard

models were constructed for two regions. These models deviation below the long-term nonnal. Farmers' and breedwere utilized to predict adoption of actual and potential ers' natural response to increased weather stress was to
technologies. Farmers observed practices of adapting their select for earliness. However, as this lov-rainfall periodproduction decisions to the rainfall patterns at the beginning becomes history, longer-setson-lergth cultivarm wil! a.so be
of the production season were incorporated into the model- demanded by farmers. i'hse cultivars have more pIe:tialing. The models correctly predicted the adoption of early to respond to higher rainfall cenditions and to chemical
cultivars of millet and cowpeas (Table 1). This diffusion has fertilizer. Breeding arid other agricultural scieaiific devel.
been observed in Niger recently. The mcdels also predicted opment are !ong-tcm, p ocessc,., so diversified strategies
hi.her densities for cowpeas and there are differences in and ev 'dation of ; t long-term trends are nececsay.
repo-rted field results an this prac,:ce. 

Chemical fertilizer was not introduced, according to 
model results. Since chemical fertilizer would be necessary 
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Table 1. Model Results of Crop Mix of Expected Incomes" for Libore, Niger. Present Technology versus New 
Technologies. 

Expected profit-millet/cowpeas 

Expected profit-livestock 

Wages-agricultural labor 
Expected profit -rice 

Expected total income 

Technologiesb 

Traditional millet w/cowpeas 
Improved millet (S.C.) w/oowpeas
(S.C.) (high deroity), P fert. only 

Improved millet (S.C.) w/cowpeas
(S.C.) (medium density) 

Improved millet (S.C.) w/cowpeas
(S.C.) (high density) 
Improved longer cycle millet 
w/cowpeas (S.C.) gh density) 
P& N fert. 

Income Change in total 

Present technology only New technologies available income (%) 
US $ 466 US $ 624 +34 

$116 $ 71 -39
 

$ 30 $ 29 - 3
 
$220 $220 0
 

$832 $944 + 13
 

Farm plan (ha) Farm plan (ha)
 

States-of Nature before planting States-of-Nature before planting
 

Early Normal Late Early Normal Late
 

3.9 3.9 3.9 2.4 0 0
 

n.a n.a n.a 0 1.5 1.5 

n.a n.a n.a 0 2.4 0 

n.a n.a n.a 0 0 2.4 

n.a n.a n.a 1.5 0 0 

The exchange rate was 298 FCFA/US$.
 

b New technologies: Improved longer-cycle and shorter-cycle (S.C.) millet, improved horter-cy -le cowpeas, fertilizer P and N at planting or P
 
alone at planting, and low and high density shorter-cycle cowpeas.
 

Source: Model results adapted from Shapiro et al., 1992, p.25.
 

Burkina Faso 

Farm-programming models were constructed for the 
Central Plateau of Burkina Faso. Here high population 
densities have reduced or eliminated the bush-fallow rota-
tion systems. In the model results, decreasing availability of 
bush -fallow land results in increasing utilization of more 
intensive technologies. These model results are consistent 
with many of the techr.togies being introduced into the 
region including contour dikes with manure, increased fer-
tilization, and off-season vegetable production 
(Ramaswamy and Sanders, 1992, pp. 9, 10, 20-22). Hence, 
both model and field results show that the shift to intensive 
technologies is proceeding in this high-population-density 
region. Unfortunately, income levels are still low, abso-
lutely even with the 36% income increases with new tech-
nologies. Moreover, the new technologies are introduced 
only on a large scale when there is land sca-city and soil 
degradation. A preferable technology-developmeat strategy 
would include incentives to introduce yield-increasing tech-
nologies before land scarcity and soil degradation. To ac-
complish this, population growth would need to be slowed 
and cereal production become more profitable. 

When the relative costs of inputs decrease, as with higher 
output pr:t.c.s, agriculture becomes more profilable and dif-
fusion c new technologies acceleraes (Fig. 2). Both of the 
intensive technologies evaluated here, tied ridges and 
chemical fertilizer, are increa:irigly adopted in the model as 
the relative costs of inputs Jecreases. To reduce real irput 
c Uts, governmentscan takcpolicy measures, such as invest-

ments in improved infrastructure (roads) and market infor
mation. These investments would help both the incipient 
input industries (seed firms, chemical fertilizer distribution 
firms) and the product markets. Another public-policy 
measure to increase expected profits would be investments 
to facilitate livestock fattening (sheep and goats) inexcellent 
rainfall years when ihe price ofcereals collapses. All of the 
above measures would help make cereal production more 
profitable and encourage diffusion of new intensive tech
nologies. Moreover, governments can influence this process 
immediatelyratherthan waitforthemorenegativepressures 
of population growth and soil degradation to encourage 
intensive technology introduction. 

In previous annual reports (1990 and 1991), women have 
been sh,',vn to be better off with the introduction of new 
agricultural technologies to the household head rather than 
with a series of policies directing the agricultural technolo
gies tr t.ern and 1o the land tinder their control. This result 
assumei that household decisions are made in a bargaining 
rarniewoi'k. There is evidc,,ce from Burkina and elsewhere 

that African housel~c!ds make decisions in this way (Sandcrs 
and Ramasw.uny, 1992, pp. 14-16). Nevertlheles.s, more 
fieldwork on family decision-making processes and how 
they chuge in the process of rapid technological change is 
very importani to complement these studies. Meanwhile, the 
evaluation of measures to increase family and female wel
fare has tcrn c: tended to include household technologies. 
Measures to incease the efficiency and to reduce the drudg
cry of lemale laborare an importantaspect of African family 
welfare. A series of household technologies have been 
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Figure 2. Effects olimproved economic environment on utilization of intensive technologies on the Central Plateau 
of Burkina Faso. 

Price F 
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Notes: 
The weighted price of fedilizer (PriceI1) isconstant, with Urea at $0.26/kg and compound tertilizer at $0.36/kg (1988 prices). The average prices of sorghum and millet

(Price S-M) were S0.16/kg
and increased to $0.20/kg and S0.24Ag, respectively. The prices of other cropswere increased proportionally. 

Tied ridges and fertilizer are used ascomplementary inputs on the higher-quality sorghum land. On the compound are (or maize land), only tied rOdges are used. Animal trac
tion was utilized to make the ridges. 

E.change rate in1990 was 273 RIC-FA$1U.S. (IM, 1990). 

Source: Ramaswamy and Sanders, 1992. 

researched and some promoted in Sub-Saharan Africa. One Honduras 
important set of household technologies includes methods 
to reduce food-processing time and/or increase food quality, In previous annual reports (1990 and 1991), the returns 
includihig " ori," a parboiled sorghum teclinique transform- to various new technologies have been reported for the low 
ing .,orghum into arice-like product developed by Dr. Lloyd input, hillside systems of southern Honduras. First, soil-
Rooney. Also considered are methods lo reduce time of conservation tzchniques reduce runoff and assure an in
carrying water ind collecting firewood. A methodology is creased water supply. Then new, improved sorghum
developed to economically evaluate these technologies and cultivars (Sureflo and Catracho) can be introduced into 
io compare their effects on households and females with either the frst oi second season (Table 2). Finally, the 
agricultural technologies and off-farm labor. This study, in addition of moderate levels of chemical fertilizer, 60 kg of 
prcgic&si and supported Vy INTSORMIL, is being under- N, further increases yields by another 0.5 to If/ha (Lopez
taken by Ms. Parecna Gtjpta as part of her Ph.D. disseration Pereira and Sanders, 1992b, p. 15). Combining input
in Froncmics at Purdue. changes is a difficult process for researchers and farmers. 

But only with a combined change will there be sufficient 
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Table 2. Yields of present and new sorghum cultivars without and with soil-conservation technologies in southern 
Honduras. 

Yields (kg/ha) 
Without Soil-Conservation Technologies First Season Second Season 

Maicillo (Traditional Sorghum) 780 

Mixed Crops: Maize/Maicillo Maize 423 

Maicillo - 553 

New Sorghum Cultivars Sueinlo 1025 1076 

Catracho 1230 1292 

With Soil-Conservation Technologies 

Maicillo 936 

Mixed Crops: Maize/Maicillo Mair," 508 -

Maicillo - 664 

New Sorghum Cultivars Sureflo 1179 1238 

Catracho 1415 1486 

Note:
 
The traditional activity yields were collected in a farm survey of 67 farn'en on the hillsidesof southern Honduras 

. 
in arunner 1989. Tnaditional activities are long season, al
season, Their yields arefrom experimental data on farmlowing only one crop a year. The new cultivars, Surcflo and Catracho, can beproduced in either the first or secon 

ers' fields, provided by Dr. Francisco Gomnezand Dr. Dan Meckcstock. 

Source: Lopez-Pereira and Sanders, 1992b, p. 14. 

returns to get small farmers to adopt new technologies other new technologies. The committee will also be review
(Lopez-Pcreira and Sanders, 1992a). Even with all these ing the research of Pareena Gupta on the impacts of house
changes, agricultural policy is still necessary to avoid the hold technologies on female and family incomes. This 
price coilapse of good-rainfall years. This policy measure analysis will include "sori," the parboiled sorghum being 

raises expected income from a 16% increase with new developed by Dr. Rooney. 
technologies alone to a 60% increase (Lopez-Pereira and 

S.Ramaswamy was the coordinator of the 14th annualSanders, 1992b). 
Middlebury College Conference on Economic Issues, Mid-

Networking Activities 	 dlebury, VT, April 3-4, on "Women in Development: Con
tributions to an Ongoing Agenda." He also was a discussant 
for the panel on "Women and Structural Transformation."Workshops and Committees 
This conference was a continuation for Ramaswamy of his 

Sanders was on the organization committee and pre- Ph.D. thesis work supported by INTSORMIL. One objec

sented a paper at the Workshop on Social Science Research tive of his Ph.D. dissertation was to evaluate the potential 

and the Collaborative Research Support Programs, held at impact of new agricultural technologies and public policy 

the University of Kentucky, Lexington, June 10-12, 1992. on female farmers in Burkina Faso. 
There was a large attendance of social scientists and CRSP 
agricultural scientists. Research InvestigatorExchanges 

Ap Impact Committee was recruited from a wide range 	 Campus discussions with various scientists directly or 
of disciplines and institutions within INTSORMIL. The indirectly involved with our research program or associated 
objective of this unit was to provile input into the ongoing activities included: 
economic evaluation of technology impacts and to make 
suggestbon for future evaluation. The purpose was to draw Dr. Jerry W. Maranville, Physiologist, University 

tigiter links between the technical development and the of Nebraska 
economic and sustairnbility analysis of those technologies. Dr. Jerry D. Eastin, Physiologist, University of 

The committee included: 	 Nebraska 
Dr. Abdelmoneim Taha Ahmed, Economist, 

David Andrews, Breeding, Nebraska Agricultural Research Corp., Sudan 
Lirry Butler, Biochemistry, Purdue Dr. El Ililu Orner, Pathologist, Agricultural 
Larry Claflin, Pathology, Kansas State Research Corp.. Sudan 
Frank Gilstrap, Entomology, Texas A&M 
Lloyd Rooney, Food Quality, Texas A&M (Collabrationcontinued with scicitisLu inside and out-

Tim Schilling, Maagement Entity, Nebraska side of INTSORMIL on the manuscript, "The Economics of 
Agricultural Technology Development in Sub-Saharan Af-

The committee reviewed Tennassie Nichola's proposed rica." 
fieldwork in the Sudan to analyze the diffusion of lID-1and 
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Summary 

Results of the yield of soybeans following sorghum over 
a long period showed a consistent yield increase as com-
pared to continuously grown soybean. 

The greatest increases were when either 0 or 171 kg ha-
N had been applied, 

Nitrogen fertilizer and/or the previous legumes greatly 
influenced growth. Growth data were successfully de-
scribed by joint polynomial functions to account for leaf 
scnescence. Nitrogen was satisfactory accounted for by 
exponential functions. The general functioa fitted to yield 
and leaf nitrogen was quadratic with no intercept, 

Two similar long-term legume-cereal and applied crop-
ping system studies were established in 1990. At the higher 
rainfall site at Samanko, cropping systems were grain sor-
ghum-peanut based, wtiile at die lower rainfall site at Cin-
7ana, pearl millet-cowpca based systems were used. In both 
1990 and 1991 no interaction between cropping systems and 
N rates occurred for either of two long-term cropping system 
tudies established in Mali. Application of 80 !.g ia-I N 

greatly increased the yield of sorghum grain and sorghum, 
while pearl millet responded to only 2C kg ha1 .The rotation 
of grain sorghum with peanut and pearl millet with cowpea 
increased both grain and stover yield. When sorghum-pea-
nut intercrop was the [revious crop, sorghum grain and 
stover yield was increasei over that of continuour grain 
sorghum, but le.s than following a leanUt sole crop. hlie 
previous millet - cowpea intercrop resulted in no inprove-
mont of either the succeeding pearl millet grain or stover 

yield. Grain sorghum showed a greater response than pearl 
millet to N application and the previous legume or cereal
legume intercrop than did pearl millet. Sole-cropped sor
ghum following peanut produced a yield equivalent to 
continuous sorghum with 80 kg ha1 N application. Sole
cropped millet produced a yield equivaient to 40 kg ha- N 
application. 

Piston displacement in the in vitro screening technique 
for emergence in crusted soils was affected only by te 
genotype. These large differences in piston displacement 
among the 8 grain sorghum genotypes studied indicating 
that variability inthe ability to emerge through crusted soils 
exists in grain sorghum germplasm. The lack of a positive 
association between percent potential germination and 
coleoptile length with abiiity of serghum to emerge through 
an in vitro simulated soil crust indicated that these parame
ters would be of little use in breeding progims to indirectly 
select for improved emergence in crusted soils. Coleoptile 
diameter was highly correlated with ability of sorghum to 
emerge through asoil crust (0.84 to 0.87), but seed produc
tion year X genotype interactions occurred. Coleoptile di
ameter in gcrmination paper may be ai, effective initial 
screening technique, but confirmation of cutflts using the 
piston displacement screening technique is recommended. 
The genotype IA9 was superior to all other genotypes stud
ied, and could be useful in breeding programs to improve 
the ability of grain sorghum to emerge throigh crusted soils. 

Weeds are very competitive with crops for water and 
nutrients. For Segaolane and two hybrids in Nebraska, waler 

79 



SustainableProductionSystems 

use efficiency was reduced if weed were allowed to grow.
On the average, water use was increased 133% with partial 
weed control and 226% with complete weed control. This 
suggests farmers could significantly increase yields if they
did not let weeds consume the water that could be available 
for the desired crop. 

The maicillos criollos are a group of landrace sorghum 
populations used by subsistence farmers in Central Amer-
ica. The maicillos are intercropped with maize and initially 
exist under low light. No differences in photosynthesis (PS) 
were found between the maicillos Casho de chivo and San 
Bernardo III compared to the temperate variety TAM428 
when planted in pure stand. PS reached averaged values of 
CO2 evolution of 90 Wmol m-2 sI at a light intensity of 1700 
gE m-2 s'1. Thus, the potential photosynthetic capacity of 
the maicillos is similar to that of temperate sorghum. Both 
maicillos had higher photosynthetic rates at light intensities 
less than 700 pE m-2 s'1. In Aporque, San Berardo III 
reached PS values of 55 Pmol CO 2 m-2 sI at 200 gE m-2 S-I 
whereas TAM418 reached PS values of 35 pmol CO., m2 

sl at the same light intensity. A similar response was 
observed in Casado (data not shown). This tolerance of 
maicillo to shade will open a wide range of opportunities to 
increase productivity in mixed cropping systems. It will be 
particularly useful for use in agroforestry systems such as 
alley cropping with fast growing leguminous trees. 

Objectives, Production and Utilization Constraints 

Objectives 

Study the "rotational effect" in sorghum-soybean and 
millet-soybean rotations by evaluating: I. nitrogen and

of legumes and 2. soil moisturerelationships b 

Long-term studies to determine sorghum/peanut and mil-
let/cowpea cropping systems (monoculture, rotation, inter
cropping) by nitrogen fertilizer rate interaction effects willbe continued in Mali.Reutofheyedosobasflwigorumvr 

Long-term studies to determine sorghum genotype (tall, 

intermediate, short) by residue management interaction ef-

fects will be continued in Mali.
 

Evaluate the nitrogen by water interaction on yield of 
sorghum hybrids and local cultivars. 

Constraints 

There are many constraints involved with cropping sys-
tems studies. First, they are long term investments. For 
instance, once a rutation or inlercropping system is started 
it takes time to stabilize. These systems cannot be slopped 
and restarted. Second, a host scienlist must be genuinely 
interested in these long term projects and they will need 
added funding. Third, training of scientists in crop poduc-
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tion and continued support of their work after return to home 
countries is needed to improve presently used cropping 
systems. 

Research Approach and Project Output 

Sorghum and millet are usually grown in stressful envi
ronments with high temperatures and lack of a predictable 
water supply.Generallylackofwaterisconsidered themost 
influential environmental factor controlling plant growth 
and yield in these environments. The next most influential 
environmental factor affecting plant growth and yield is 
often adequate nitrogen and/or phosphorus. The importance 
of these elements is becoming even greater with more inten
sive cropping practices used when availability of new land 
is limited. Legumes become a viable means for improving 
soil fertility (especially nitrogen status and maybe phospho
rus) as monetary constraints for purchasing fertilizer occurs 
in many developing countries. Improved fertility also im
proves water use efficiency of grain crops. 

Rotations 

Grain sorghum-soybean rotation 

ResearchMethods 

Sorghum and soybean can be grown in rotation, a sus
tainable agricultural system. Althoughtial eelyed are 

improved, little information is available on the affect of the 
rotation on the legume. The experiment is planted in a 
randomized complete block design with four replications. 
Plots are thinned to a uniform stand about two weeks after 
emergence and 0, 57, 114, and 171 kg N ha- was applied 

giutrlsse.Atog cereal yields r 

as ammonium nitrate to the designated sorghum plots. Yieldand yield components and agronomic data is taken from the 
two middle rows of six row plots. 

Research Results 

Results of the yield of soybeans following sorghum over 
a long period are shown in Table 1. There is a consistent 
yield increase of soybean when grown after sorghum. How
ever, there is a greater increase where either 0 or 171 kg ha'1 

Table 1. Seed yield of soybean following grain sor
ghum over a ten year period as compared to 
continuously grown soybean. (1975 and 
1977-1986. 

Incrasc over
Treatment Yield the control 

kg has .... %-. 
Coot. soybean (0 N) 2335 .. 
Soyhet, (0 N)* 2520 7.9 
Soybean (57 N) 2432 4.1 
Soybean (114 N) 2440 4.5 
Soybean (171 N) 2552 9.3 
N w.o t t cop. 
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N has been applied. Speculatively, this advantage may be whereq ,s is the estimated N concentration of leaf and stem 
due to a reduction of mildly infectious soil borne organisms respectively, a, 3 and y are exponential constants with 
and residual soil N. some biological meanings. 

Bionitrogen availability and water use The general function fitted to yield and 71 was quadratic 
efficiency of grain sorghum grown in with no intercept. The equation is: 

rotation with legumes in Sudan. 

e. Yield: 11 _y 712 ,Mirghani S.Mohamed 

Where k is the estimated yield, 1i*is the leaf N concentrationResearch Methods 
which can be predicted from previous -1 at it growth stage 

SR'-39 is a sorghum cultivar that shows Striga resis
tance. Since it is a relatively new cultivar in Sudan, little Cropping Systems Research in Mali 
information about its growth, N partitioning patterns, and 
its yield is available. Min:.mba Bagayoko 

A rotation experiment was established at Wad Medani in Research Methods 
1988. Sorghum (Sorghum bicolor [L.] Moench) variety 

were
HD-I was used. Since Striga was a problem, the sorghum Two similar long-term cropping system studies 
cultivar"SRN-39" was used the next two seasons as itshows established in 1990. At the higher rainfall site at Samanko, 

Striga resistance. The legumes used were clitoria (Clitoria cropping systems were grain sorgham-peanut based, while 
at the lower rainfall site at Cinzana, pearl millet-cowpeaternata L.) and phillipesara (Phasulus trilobus Ait). The 

design was a randomized complete block with five replica- based systems were used. Randomized complete block de

tions. Treatments were continuous sorghum at three nitro- ;igned experiments with split plot treatment arrangement 

gen fertilizer rates (0, 40, and 80 kg ha-1) and sorghum and 4 replications were used. Continuous sole crop, continu

rotated with clitoria, phillipesara and fallow. Leaf area and ous intercrop, and rotational systems were included as 

plant weight were sampled at nine growth stages according whole plot treatments, with N fertilizer rates as subplots. 
Data collected included grain yield and yield components,to R.Vanderlip's criteria. 
and stover yield. 

This part of the study was designed to model growth and 
N concentration in the vegetative parts. Research 'esults 

In both 1990 and 1991 no interaction between croppingResearch Results 
systems and N rates occurred for either study. Application 

Nitrogen fertilizer and/or the previous legumes greatly of 80 kg ha-1 Ngreatly increased the yield of sorghum grain 

influenced growth. Growth data were successfully de- and sorghum, while pearl millet responded to only 20 kg 

scribed by joint polynomial functions. The equations for ha-l (Table 2). 
growth are: 

Table 2. Influence of Nrate en grain and stover yields 

a. plant weight: InW = a+ [pX+ yX2+ 8X3 or sorghum and pearl millet in 1991. 
Sorghum yield Pea Millet yield 

Grain Stover Nrate Grain Stoverb. leaf area: n A= a + y-(X-Xo) 2 when X < XN raNe 
............ kg ha. ............
 

0 970a 2545a 
InA =a+y(X-X) 2 +8(X-X) when X >X. 0 1195a 3161 a 

40 1488b 3819h 20 1144b 3380b 

where X is the cumulative growing degree units (with base 
40 1048b 3528b

temperture = 150C), X is X when the slope is equal to zero. 80 1724c 4544c 

efth cantly different at 11<0.05. noS signifi-Theus s c qua alwfolefsnsence, Means within each column followed with the sane letter are
The use of the second &luation allows for leaf senesce 

Regression showed that the models accounted for 95% of 
the variability. 

Nitrogen was satisfactory accounted for by exponential The rotation of grain sorghum wiih peanut and pearl 

millet with cowpea increased both grain and stover yield
functions. The equations are: 

(Table 3). When sorghum - peanut intcr'rop was th11pre
c.leaf N concentration: T1 = o+ P(e-yx) vious crop, sorghum grain and stover yield was increased 

s
over that of continuous grain sorghum, but not as much 

d Nconcentration: TI, = a(c') following a peanut sole crop. Incontrast, the previous millet 

d. stem Ncocn- cowpea intercrop resulted inno improvement of either the 
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Table 3. Influence of previous crop on grain and 
stover yield of grain sorghum and pearimil 
let in 1991. 

Previous crop Present crop Grain yield Stover yield 
------- kg ha' -------
Samanko 

Grain sorghum Grain sorghum 1393 a 3138 a 
Grain sorghum-
Peanut intercrop Grain sorghum 1961 b 4837 b 
Peanut Grain sorghum 2435 c 

Cinzana 
6865 c 

Pearl milleta 
Pearl millet Pearl millet 1131 a 3657 a 

Cowpea intercrop Pearl millet 1144 a "3175a 
Cowpea Pearl millet 1350 b 4422 b 

Means with identical letters <%.05.have no significant differences among than at 
Mean separations done witi, each experiment, 

succeedinig pearl millet grain or stover yield. Grain sorghum 
showed a greater response than pearl millet to N application 
and the previous legume or cereal - legume intercrop than 
did pearl millet. Sole-crcp.ed sorghum following peanut 
produced a yield equivalent to continuous sorghum with 80 

"
kg ha1N application, while sole-cropped millet produced 
yield equivalent to 40 kg ha-I N application. Analysis of 
iotercropping efficiency usirg Land Equivalent Ratios 
(LER) indicated that the pearl millet - cowpea system was 
superior to the grain sorghum - peanut system (LER of 1.50 
versus 1.15). 

Grain Sorghum Emergence In Crusted Soils 

ResearchProcedures 

Studies were conducted from Dec. 1991 through May 
1992 using grain sorghum kernels of the genotypes IA9, 
JA 17, IA33, KS3, KS22,KS24,KS33,and N4692 produced 
during the 1988, 1989 and 1991 growing seasons. All stud-
ies were conducted using a completely randomized expert-
mental design witf- split-plot treatment arrangement. Years 
were whole plots, and genotypes sub-plots. 

Estimates of genotypes abihty to emerge in crusted soils 
were determined using an in vitro screening technique. 
Kernels were pregerninated at 250 for 32 hours, transferred 
into growth tubes and 3.7 + 0.1 g piston assemblies placed 
over the kernels. Ability to emerge was estimated by meas
uring the distance between the growth tube cap and the tip
of the proirn ling piston shaft immediately after transfer to 
the growth tubes and 120 hours later. Three replications of10 growth tube samples were used. 

Coleoptile diameter was determined in growth tubes with
pison assemblies, and in germination paper. Coleoptile 
diameters were measured 1 cm from the top and bottom of 
coleoptiles, and in the middle using a micrometer. Data are 
presented as the average of the 3 measurements. Coleoptile
length and curling, kernel weights and percent potential 
germination at 32 and 128 hours were also determined. 

Analysis of variance procedures were used for data 
analysis, and L.S.D.s at P = 0.05 were used for mean 
separation. Coi.-elation of treatment means across years was 
used to determine the interrelationship among piston dis
placement, coleoptile length and diametcr, kernel weight, 
and percent potential germination. 

ResearchResults 

Piston displacement in the in vitro screening technique 
was affected only by the genotype, while year of seed 
production and year X genotype interaction effects were not 
significant. There were large differences in piston displace
ment among the 8 grain sorghum gmootypes studied (Table 
4) indicating that considerable variability in the ability to 
emerge through crusted soils exists in grain sorghum 
germplasm. Piston displacement by genotypes in this in 
vitro screening technique was relatively stable across years 
and apparently was not greatly influenced by the seed pro
ductioa environment. 

Table 4. Piston displacement in an in vitro screening technique for emergence through a crusted soil, and coleoptile 
diameter for kernels of grain sorghum genotypes produced in 1988, 1989 and 1991. 

Pistondisplacement - Coleoptile d:,,meter 
(Averagent Growth tubzs - with piston -Germination paper 

Genotype across years) 1988 1989 1991 1988 1989 199i 

------------------------- u -------------------------
IA9 28 1.48 1.60 1.51 0.77 0.83 0.80 
KS3 17 1.35 i.26 1.37 0.60 0.69 0.70 
IA33 17 1.27 1.30 1.26 0.61 0.67 0.64 
[A17 16 1.17 1.22 1.15 0.57 0.70 0.62 
N4692 14 1.25 1.10 1.12 0.61 0.60 0.58 
KS24 14 1.19 1.15 1.16 0.45 0.55 0.45 
KS22 9 1.10 1.16 1.09 0.57 0.60 0.58 
KS33 8 1.04 0.86 0.89 0.44 0.48 0.43 
L.S.D.(0.05) 2.5 0.103 0.111 0.138 0.065 0.053 0.056 
CV. (%) 17 9 10 13 13 9 10 

'Year X Genotype interaction was not significanL 
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Coleoptile diameters were greater in piston containing 
growth tubes than in germination paper (Table 4). Large 
differences in coleoptile diameter were found among geno-
types. Year of seed production X genotvpe interactions were 
present for all methods used. However, in all three years and 
for both methods of measurement, the genotype IA9 had the 
greatest coleoptile diameter, while KS33 had the smallest, 
These results suggested that genetic differences among 
genotypes for coleoptile diameter exist, and that these dif-
ferences are magnified when growth is physically inpeded. 

Piston displacement by grin sorghum genotypes in the 
in vitro screening technique was positively correlated with 
coleptile diameter ar kernel weight, and negatively corre-
lated with percent potential germination at 32 hours and 
degree of coleoptile curling (Table 5). The magnitude of 
correlation coefficients between piston displacement and 
coleoptile diameter (0.84 to 0.87) indicated that coleoptile 
diameter is a key morphological characteristic associated 
with capability to emerge through a crusted soil while 
coleoptile length is of limited importance. Speed of germi-
nation is often used as a measure of seed vigor, but in this 
study, percent potential germination at 32 hours was nega-
tively correlated with ability to emerge through crusted 
soils. 

The lack of a positive association between percent poten-
tial germination and coleoptile length with ability of sor-
ghum to emerge through an in vitro simulated soil crust 
indicated that those parameters would be of little use in 
breeding programs to indirectly select for improved emer

gence in crusted soils. Coleoptile diameter was highly cor
related with ability of sorghum to emerge through a soil 
crust, but seed production year X genotype interactions 
occurred. Coleoptile diameter in germination paper may be 
an effective initial screening technique for ability to emerge 
in crusted soils, but confirmation of results using the piston 
displacement screening technique is recommended. The 
genotype IA9 was superior to all other genotypes studied, 
and could be useful in breeding programs to improve the 
ability of grain sorghum to emerge through crusted soils. 

Weeds 

Sorghum grown at three levels of nitrogen 
fertility and three levels of weed control 

Charles Maliro 

Research Methods 

An experiment was established to determine the patti
tioning of weeds/grain/ stover cropped plots with different 
levels of weed control and nitrogen. Weed treatments con
sisted of no weed control, one cultivation three weeks after 
planting and complete weed control. Nitrogen levels were 

-0, 40, and 80 kg ha1 ammonium nitrate side-dressed three 
weeks after planting. Main plots were levels of weed control 
and sub-plots were nitrogen levels. Three replications were 
used Samples were harvested from the middle two rows of 
six row plots. 

Table 5. Correlation coefficients and probability levels for piston displacement, coleoptile diameter and length, 
kernel weight and percent potential germination. 

Coleoptile diameter Coleoptile %Potential germination 

Growth tube Germination Kernel 
with piston paper Length Curl weight 32 hours 128 hours 

Piston displacement 0.87 0.84 -0.25 -0.62 0.46 -0.43 -0.14 

<0.01 <0.01 NS <0.01 0.03 0.04 NS 

Coleoptile diameter. 0.85 -0.46 -0.71 0.43 -0.31 -0.03 
Growth tube <0.01 0.02 <0.01 0.04 NS NS 
with piston 

Germination paper -0.46 -0.61 0.59 -0.34 -0.21 

0.02 <0.01 <0.01 NS NS 

Coleoptile length 0.65 -0.37 -0.08 -0.15 

<0.01 NS NS NS 

Coleoptile vtrl -0.40 -0.01 -0.05 
NS NS NS
 

Kernel weight -0.21 -0.14 
NS NS
 

%potential 0.69 

germination: <0.01 
32 hours 
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Results ResearchResults 

Weeds are very competitive with crops for water and No significant differences in photosynthesis (PS) were 
nutrients. Their competitive effect is even more detrimental found between the maicillos Casho de chivo and San Ber
if these resources are not readily available. This is shown in nardo III compared to the temperate variety TAM428 when 
Table 6. For Segaolane and two hybrids in Nebraska, water planted in pure stand (Fig. 1). PS reached averaged values 

2use efficiency was reduced if weeds were allowed to grow. of CO2 evolution of 90 p-mol m s-1 at a light intensity of 
On the average, water use was increased 133% with partial 1700 g.E M2 s-1. Since conditions for PS are non-limiting
weed control and 226% with complete weed control. This in pure stand, this result show that the potential photosyn
suggests farmers could significantly increase yields if they thetic capacity of the maicillos issimilar to that of temperate
did not let wecds consume the water that could be available sorghum. When radiation is intercepted from the canopy of 
for the desired crop. maize, and light becomes a limiting factor, both maicillos 

had higher photosynthetic rates at light intensities less than2 1'Table 6. Grain water use efficiency* of sorghum with 700 IiE m s . In Aporque, San Bernardo III reached PS 
-2 2different levels of weed control. values of 55 I.mol CO 2 m s- 1 at 200 gtE m s 1 whereas 

CultivaJion Complete woed 2
Genotype No-weeding after 3 wks control TAM418 reached PS values of 35 preol CO 2 m- s at the 

---------- g m an1 - - same light intensity (Fig. 2). A similar response was ob-
Segaolane 4.42 8.75 10.82 served in Casado (data not shown). 
Dk ,l' 5.09 12.09 14.89 
Dk 39y 3.75 10.12 17.61 This tolerance of maicillo to shade will open a wide range 
Mean 4.42 10.32 14.44 of opportunities to increase productivity in mixed cropping 
'grams grain per square mcterper centimeter water. systems. It will be particularly useful for use in agroforestrysystems such as alley cropping with fast growing legumi

nous trees.Intercropping 

Physiologic response of landrace sorghum Ongoing Research 
to light intensity and intercropping Greenhouse and growth chamber experiments are being 

Patricio Gufidrez conducted to determine differences in respiratory rates of 
maicillo and to determine if there are differences in CO 2 

Research lethods compensation point between m2 llo and temperate sor
ghum. Also, temperature-response curve. with low light 

The naicillos criollos are a group of landrace sorghum intensities are being developed for maicillo. 
populations uAed by subsistence farmers in Central Amer- Networking Activities 
ica. Traditionally, maicillos are planted intercropped with 
maize to hedge against drought spells that severely reduce Internship: African Internship. Rockefeller Foundation 
the grain yield of maize. To evaluate the effect of intercrop- ( g i Mo a copenhis disser ation 
ping and the tolerance to shade of maicillo, 12 sorghum (Mirghani Mohamed, completing his dissertation). 
cultivars (three maicillo populations, three temperate vane- Faculty Development Leave: Dr. Steve Masn com
ties and six enhanced maicillo cultivars) were evaluated pleted a year studying mechanisms influencing c:mergence 
using three cropping systems, pure stand, casado and apor- icted soin 

que. Casado means married in Spanish, and its name comes 
from maize and rnaicillo being planted together in the same SJCNA Tour Max Clegg organized and coordinated a 
row, whereas Aporque derives its name from the practice of SICNA sorghum tour with Nebraska and Kansas, Septem
planting maicillo between the rows of maize at the time of ber 10-11, 1992. 
its cultivation. JX3, a short season maize variety, was used 
to provide natural canopy shade. Assistance Given 

The experiment planted at Mead, NE had a randomized Pass through of $7000 to TER, Mali for Cropping Sys
complete block design arranged as a split-plot with three tems Research. 
replications. Cropping systems comprised the main plots 
and sorghum geno!ype was the split plot effct. Since Partial funding ($250) for Dr. Louis Mazhani to attend 
maicillo won't flower in Nebraska due to its sensitivity to International Crop Science Congrss, 14-22 July 1992, at 
photoperiod and seasonal requirements, a similar experi- Iowa State University, Ames, Iowa. 
ment was planted in Honduras with the aid of Di. Dan 
Meckenstock (TAM-13 1), therefore starting a collaborative 
effort to improve sustainable produclion systems in Hondu
ras. 
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presented to staff, Ftacion Experimental de Aula Dei, Consejo Supe
rior de Investigaciones Cientificas. 
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farmer workshop, March 3, 1992, Crete, NE 

Mason, S.C. June, 1992. Emergence of grain sorghun in crusted soils. 
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Figure 1. Sorghum photosynthesis during vegetative growth in pure stand at Mead, NE. 
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Figure 2. Sorghum photosynthesis during vegetative growth in aporque at Mead, NE. 1992. 
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M.S. student, University of Nebraska) 

Summary 

Experiments were conducted in the field on pearl millet 
at Mead, Nebraska to determine nitrogen (N) effects on pearl
millet growth and N use efficiency. The results of these 
studies showed that pearl millet response to N was limited 
when residual soil Nis high. The crop was most responsive 
to time of N application when higher rates were used. 
Genotypes differed in response to time, rate and splitting of 
applied N. Pearl millet also does not respond well to supple
mnental water if seasonal rainfall is adequate for good crop
growth. Some genotypes may even produce less grain if 
moisture content is in excess. Genotypes differed for N use 
efficiency with the improved types being superior in N use 
efficiency for grain production. 

Another set of experiments was conducted at several 
locations in Mali on grain sorghum response to applied N. 
These results showed that sorghum responds well to applied
N in areas of better soils and sufficient rainfall, but do not 
respond in drought prone areas where sandy soils are preva
lent unless good seasonal precipitation is received. Im-
proved genotypes respond better to good management than 
the unimproved local types if disease or other environmental 
hazards which may affect stands and early growth are kept 
under control. It is obvious that improvement in genetic
packages and good management options must go hand in 
hand. 

Objectives and Constraints 

Objectives 

Identify sorghum and pearl millet genotypes which are 
superior in nutrient use efficiency (primarily nitrogen). 

Determine the physiological and morphological mecha
nisms which allow genotypes to be nutrient use efficient. 

Quantify the effects of environment on genetic response 
at different soil fertilities (primarily nitrogen). 

Determine optimum nitrogen and phosphorus manage
ment practices for arid and semi-arid environments. 

Provide long and short term training experiences for 
students and scientists of collaborating instilutions, as well 
as certain technical expertise for collaborativc efforts related 
to overall INTSORMIL objectives. 

Constraints to Reaching Technical Objectives 

The work in Mali appears to be on track. This project has 
provided equipment to facilitate the N efficiency research 
which should allow quicker turnover of results. The largest
constraint to this collaboration appears to be the cost of N 
analyses in the Mali lab. Comparing their cost to what we 
can process samples for here at UNL, we found that Mali is 
about three times higher which reduces the amount of ma
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terial which we can process and effectively reduces the Grain yield data are presented in Table 1 and show 
number of experiments we can conduct in this area. This significant differences existed between the genotypes aver

constraint has not been addressed satisfactorily at this point, aged over all rates and N split treatments. Genotype 68A x 
MLS was the best in terms of grai yield, and was the 

Abdoul Toure has just returned to Mali and it is not shorter, improved genotype. Increasing N rates tended to 
certain whether he will take over the UNL- 114 effort. With increase yields up to 112 kg ha' when applied at emergence 
the departure of Abdoulaye Traore to Nebraska for Ph.D. (0 DAE), or one half at emergence and the remainder at 25 
studies, a potential restraint to activities may exist until DAE. There was little advantage to splitting N application 
Toure gets reincorporated into the system, or until a new as late as 50 DAE for these genotypes. 
collaborator is assigned. Currently, Minamba Bagayoko is 
assisting in keeping the UNL-1 14 collaboration going. Total stover yield (Table 1)showed that genotype ICTP

8203 was significantly better for this parameter. The re-
Work in Niger has been on hold until Mr. Seyni Sirifi sponse of this taller, less improved genotype in producing 

completes his degree and rcturns. large amounts of stover in comparison to grain is typical of 
the "local" adapted variety response in the West African 

Research Approach and Project Output region. Nitrogen application did not improve stover yields 
of either genotype and tended to have a depressive effect at 

Domestic the very high rate regardless of when the N was applied. The 
notable exception was for ICTP-8203 when N was split at 
0 DAE and 25 DAE where the response to increasing rateStudy 1(Abdoul Toure, Mali) 
was linear. 

The second year's field work was conducted to complete 
requirements for the M.S. Thesis. The experimental design Total N uptake (data not shown) was increased signifi
and treatment combinations were the same as those pre- cantly by N fertilizer as would be expected, and the genotype 
viously reported (see INTSORMIL 1990 Annual Report, 68A x MLS had greater uptake and accumulation in its 
pp. 27-34). Briefly, four levels of N (0, 28, 56 and 112 kg biomass than ICTP-8203. Splitting the N application also 
ha- )were applied to two pearl millet genotypes (ICTP-8203 tended to increase N uptake and accumulation in the 
and 68A x MLS) at emergence, 25 and 50 days after emer- biomass. However, genotype ICTP-8203 was significantly 
gence (DAE). This report will show results of the combined better for N use efficiency (NEI) for totaJ biomass produc
1989-90 seasons. tion (Table 2). The control or zero N rate resulted in each 

Table 1. 	 Grain and stover yield of two pearl millet genotypes as influenced by N rate and times of N application 
where 0 DAE = application at enmergence, 25 DAE = application at 25 days after emergence and 50 DAE 
= applicatiop at 50 days after emergence. SD = standard deviation. Combined results of the 1989-90 
growing season. 

0 DAE 

,4 rak ICTP-8203 68A x MLS Average 

kg/ha Grain Stover Grain Stover Grain Stover 

------------------------- kg/A ------------------------

0 1055 3342 2254 3345 1655 3344 

28 1567 5243 1777 3219 1672 4231 

56 1484 3624 1952 2577 1718 3100 

112 1109 2903 2606 3089 1858 2996 

1726 3418Mean 1304 3778 2147 3058 


25 D.' E 

0* 1055 3342 2254 3345 1655 3344
 

----28 

56 1128 3799 2316 3061 1722 1130
 

112 2193 5427 2584 2735 
 2389 4081
 

Mean 1459 4189 2385 3047 1922 3618 

50 DAB 
0* 1055 3342 2254 3345 1655 3344 

---28* - 
3452
1406 3666 1983 3238 1695 


3070
112 1248 3492 2145 2649 1697 


Mean 1236 3500 2127 3077 1682 3289 
shown in the 25 DAB and 50 DAE sections*The 0 N and 28 N rate treatments were not split but only the 56 and 112 kgUha N rates. The 0 N data am 

for comparative purposes only. 
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Table 2. NEI and NE 2 of two pearl millet genotypes as influenced by N rate and times of N application where 0
DAE = application at emergence, 25 DAE = application at 25 days after emergence, and 50 DAE = 
application at 50 days after emergence. SD = standard deviat!on. Combined results of the 1989-90 
growing season. 

0 DAE
N rate ICTP-9203 68A x MLS Average
kg/ha 
 NEI NE2 NEI NE2 NEI NE2 

g/g-------------------------
0 
 161 51 104 47 133 49 

28 159 48 103 55 131 51
56 118 50 87 51 51115 
112 128 
 51 101 44 
 103 47


Mean 142 50 99 49 121 50 

25 DAE 
0 161 51 104 47 
 133 49 

28*  -
56 134 51 87 
 49 111 50 
112 140 42 81 41 111 42


Mean 145 48 91 46 118 47 

50 DAE 
0* 161 51 104 
 47 133 49
 

28* -...
 

56 116 40 
 88 42 102 42
 
112 97 47 
 73 36 85 
 42


Mean 125 46 88 42 107 44

OThe 0 N and 28 N rate treatments were not split but only the 56 and 112 kg/ha N rates. The 0 N data are shown in the 25 DAE and 50 DAE sections


for comparative purposes only. 

genotype having a higher N use efficiency for total biomass 5. Root absorbing power would be useful to investigateproduction than where N was applied which is a common in pearl millet as long as it can be established that the
observation across many crops. Genotype 68A x MLS was parameter is under genetic control.
 
more efficient for grain production (NE 2) relative to N
 
(Table 2), and there was a tendency for both genotypes to Study 2 (Seyni Sirifi, Niger)

have greater N efficiencies at the zero N level.
 

A field experiment was cL'nducted to study the interactionThe conclusions of the thesis study were: of applied N, soil moisture and genotype on growth, N 
uptake and utilization of pearl millet. This experiment was1.Pearl millet response to N rate was limited in the field, part ofMr. Seyni Sirifi's M.S. Thesis research. The N levels


although obvious in the greenhouse, due to the environ-
 were 0, 50, 100 and 150 kg ha1 applied post emergence asmental conditios of this study (soil N availability, pH, ammonium nitrate to genotypes 68A x MLS, MLS, ICTP
temperature). 
 8203, HMP 559 and Dwarf PI 185642. Different water 
regimes were created by using a non replicated irrigated or2. Pearl millet was most responsive to time of N applica- dryland site adjacent to each other. Plots were of 4 rows intion at the higher N rates applied in terms of grain and 75 cm spacing and 6 m in length. The experimental designbiomass production. was a complete randomized block with four replications. 
Plots were overseeded and thinned to 10 cm between plants3.Pearl millet response to N rate, N timing, and splitting within a row (55,500 plants ha-). Although several physi

of applied N appeared to be influenced by genotypes al- ological and morphologica measurements were made, only
though this influence was not always obvious. The present grain yield, N uptake, N use efficiency (NEI) as totalstudy was very limited in the range ofgenotypes used to give biomass per unit plant N and N use efficiency (NE2) totalevidence of this influence, grain per unit plant Nare presented in this report. 

4. Any improvement of pearl millet response to N should Stands were generally not as good as desirable leading totake into account plant parameters sLch as root density, root high C.V.'s for most measurements. Genotypes tended tolength, and soil parameters such as soil organic matter, soil respond to N application for grain production (Table 3),pH, and available soil N content, although there was no difference between the environments. 
The season was adequate for precipitation and pearl millet 
apparently could not take advantage of any additional mois
ture. The MLS genotype was a consistently high yielder in 
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Table 3. Mei-n of grain yields for irrigated and nonirrigated tests of applied N on five genotypes of pearl millet. 
Coefficients of variability are presented in parentheses for each mean in percent. 

Irrigated 
N levels 

100 150Genotype 0 50 
" 


------------------------- kg ha ------------------

68A x MLS 3001 (34) 2807 (31) 

MLS 4647 (31) 3284 (40) 

ICTP 8203 3182(60) 3280(27) 

lIMP 559 2280 (37) 2328 (51) 

PI 185642 3123 (19) 3705 (28) 

Mean 3278 2925 

68A x MLS 2997 (55) 2666 (71) 

MLS 4931(10) 4198(44) 

ICTP 8203 2216 (61) 3598(40) 

HMP 559 3369 (26) 5090 (45) 

PI 185642 3333 (27) 2596(51) 

Mean 3369 3630 

these trials, but inconsistent in its response to applied N. 
There was no significant genotype x N interaction, 

Genotype ranked similar to that for grain yield relative to 
total N uptake in the irrigated test (data not shown); how-
ever, a different ranking occurred in the nonirrigated envi-
ronment. Genotype ICTP 8203 which was a low grain 
yielder had near the highest total N accumulation. This 
genotype is a tall, land race type which produces a lot of 
stover in relation to grain. The I4accumulated in its biomass 
was a function of its ability to produce a lot of total biom-ss 
most of which is stover. 

Although there appeared to be a tendency for genotypes 
to accumulate more N with higher fertilizer rates, this trend 
was inconsistent and was genotype dependent. Genotype 
68A x MLS had a linear response to N application ;n both 
environments, while other genotypes were varied. 

Results for N efficiency for total biomass production 
(NEI) were surprising in that the values did not decrease 
with higher soil N levels in the irrigated test (Table 4). 
Generally, the more Navailable to a crop, the less efficiently 
it uses it to produce grain or stover. However, the nonirri-
gated lest showed that this trend occurred as expected al-
though the magnitude of differences were not great. 
Genotype HMP 559 clearly was superior for NEI compared 
to other genotypes. There was no genotype x N interaction, 

Nitrogen use efficiency for grain production (NE2) was 
somewhat reversed from the NE results in that the trend to 
have decreased values with higher N rates occurred in the 
irrigated rather than the nonirrigated test (data not shown). 
There was also very little difference anong genotypes al-
though MLS was consistently high reflecting its compara-

2624 (88) 

2842 (48) 

3309 (28) 
3855 (40) 

2855 (30) 

3654 (70) 

4634 (35) 

5076 (25) 
3334 (54) 

3424(11) 

3158 
Non-irrigated 

2865 (43) 

5143(31) 

2859 (64) 

5562(64) 
2864 (42) 

4175 

5565 (65) 

3141(31) 
3007 (87) 

3630(29) 
3847(40) 

3859 3838 

Mean 

3022 
3852 

3712 
2949 
3227 

3352 

3523 
4353 

2920 

4412 
3160 

3674 

tively high grain yield. There was no difference between 
water regimes, nor was there genotype x N interaction. 

The results of these tests show that when N supplying 
power of soils is high such as would be found at the Mead, 
Nebraska location, the pearl millet crops may not respond 
consistently to applied N as it would in the poorer, sandy 
soils of the Sahel region of West Africa. Also, when rainfall 
is sufficient, the crop will not respond to supplemental 
moisture. Since the crop has never been improved for re
sponse to supplemental moisture, but rather for drought 
resistance, it is not surprising that the genotypes in this test 
can not take advantage of irrigation, and it may even be a 
detriment to grain production. 

International 

Two experiments were conducted in Mali by Mr. Abdou
laye Traore similar to those conducted in the past relative to 
N management and genetic N use efficiency. 

Study 1(Abdoulaye Traore, Mali) 

The first study was a repeat of a previous study which 
investigated the effects of split N application on growth and 
yield of sorghum. Two locations of highly contrasting pre
cipitation averages were used. The Samanko location is 
characterized by a loamy-clay soil type and expected pre
cipitation of about 900 mm while the Bema location is sandy 
soils with expected precipitation of 350-400 mm. Three 
rates of N (0, 50 and 100 kg ha-) were applied either at the 
10-leaf stage or the boot growth stage to two sorghum 
genotypes at each location. At the Samanko location, thc 
local variety Lakahiri was compared to the improved Mal
isor 7 while at Bema, the local Sakoika was compared to the 
improved S34. 
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Table 4 Means of N efficiency for biomass production (NEI) for irrigated and nonirrigated tests of applied N onlive genotypes of pearl millet. Coefficients of variability are presented in parentheses for each mean in 
percent. 

Irrigated 

N levelsGenotype 	 0 50 	 100 150 Mean 
-------- ---------------- gg . . . . . . . . . . . . . . . . . . . . . . . . . 

68A x MLS 78.7 (13) 69.4 (13) 
MLS 75.8 (12) 	

112.8 (13) 136.2(20) 99.3 
70.3 ( 9) 64.6 (18) 68.6 (12) 69.8ICTP 8203 107.1 (15) 103.9(22) 88.1 ( 5) 87.7 (10) 96.7 

lIMP 559 	 123.4( 9) 133.6(10) 117.6(20) 122.3(14) 	 124.2
PI 185642 66.4 ( 6) 63.1 ( 8) 	 60.661.8 (14) 50.9 ( 5) 

Mean 90.3 88.1 89.1 93.1 90.2 

Non-irrigated68A x MLS 78.8 (13) 65.0 (13) 66.1 (17) 65.9 (15) 69.0
MLS 	 69.6(10) 68.4 (16) 64.1 (13) 64.2(23) 66.6ICTP 8203 	 86.5 (18) 85.1 (19) 79.1 (20) 70.1 (11) 80.2

[IMP 559 127.3( 7) 111.1 (18) 110.1 (13) 88.5( 9) 109.3

PI 185642 58.9 ( 9) 57.9 (18) 54.0(10) 61.0 (13) 58.0 

Mean 84.2 77.5 74.7 69.9 76.6 

There were no significant differences detected at the N'Tarla location. Sotuba has a loamy-sand soil type and theBema location due to a severe post flowering drought. Grain plot site has been under continuous cultivation for at least 
yields were only in the 140-160 kg ha" range although 15 years. At N'Tarla, the soil is a sandy-loam and the plotstover yields were around 4T. There was a tendency for the site was a newly opened area which had been in fallow forimproved genotype to respond to N application in terms of the past 11 years. It was regenerated with 10 T ha1 manurestover yiLd, but the difference was not statistically signifi- and 300 kg ha1 of major nutrients. The local varietiescant. chosen for the study were CSM 388 and Tiemarifing while 

the improved types were S34 and Malisor 7.At the Samanko location where rainfall was near normal,
both varieties responded significantly to applied N. The The response curves of each variety to increasing N ratelocal variety reached a maximum grain and stover yield at at the two locations are shown in Figures 1-4. The local 

-
the 50 kg ha1N rate as a general rule while the improved 	 varieties clearly yielded higher than the improved varietiesMalisor 7 hadincreasedgrainandstoveryieldsuptothe 100 for both grain and stover at each location. This can bekg ha Nrate. The yields of the improved variety wereabout explained by the fact that the improved varieties generallydouble that of the local at this location. Applying N later have poorer seed quality and when early season conditionsthan the 10 leaf stage did not significantly alter grain yield, are less favorable, these types are often characterized bybut appeared to depress the yield of stover. The results of having poor seedling emergence. In the 1991 season, thethe N analyses are pending so that some interpretation can time immediately following seeding was unseasonably wetbe made relative to effects on Nuptake and N use efficiency. 	 and this resulted in the improved varieties having poor 
stands. This was most likely the primary factor in the yieldThe results of this experiment show that sorghum re- reductions. However, local varieties are also favored in thissponded significantly to N in the more favorable environ- West African region when the season is long. During 1991,ments, and that the improved genotypes took the greatest the rains persisted late into the season and this favored theadvantage of good management. Any improvement in yield local types this yeir. Very often the improved varieties aredue to genotype or management at the environments only subject to fungi attack when wet weather persists. Thus, amarginal for crop production will be determined largely by combination of poor stands and a long season resulted inthose schemes related to efficient water conservation and locals outproducing the improved varieties in the 1991 

use. 
 season.
 

Study 2 (Abdoulaye Traore, Mali) Generally, both the local and improved varieties re
sponded to N for both grain and stover production. At theA study was conducted at three locations to determine the Sotuba location, the hig'hest yields occurred at the 120 kgcomparative responsiveness of local versus improved varie- ha' Irate with S34 being somewhat of an exception (Figuresties to applied N. However, results from only two locations I and 2). At N'Tarla, there was a yield increase through thewill be reported. The Sotuba location is characterized by anannual precipitation of 900 mm compared to 700 mm at the 	 160 kg ha rate for grain and stover for all genotypes tested(Figures 3and 4). The decline in stover yields at this location 
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Figure 1. Grain yield of four sorghum genotypes grown at the Sotuba, Mali location in response to increasing levels 
of applied N. 
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Figure 2. Stover yield of four sorghum genotypes grown at the Sotuba, Mali location in response to increasing levels 
of applied N. 
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Figure 3. 	 Grainyield offour sorghum genotypes grown at the N'Tarla, Mali location in response to increasing levels 
of applied N. 
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Figure 4. 	 Stover yield of four sorghum genotypes grown at the N'Tarla, Mali location in response to increasing 
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at lower N rates cannot be fully interpreted. Both grain and 
stover yields were significantly greater at the N'Tarla loca
tion this year. 

It can be suggested from this preliminary work, that 
genetic improvement for seed quality relative to germina
tion and emergence potential would significantly improve a 
new varieties' ability to yield when the early season is 
excessively wet. Some improvement in disease resistance 
would add to the ability to sustain yields when wet condi
tions persist late in the season. It is not clear at this point 
whether the yield increases obtained by N application offset 
the additional cost. 

Networking Activities 

UNL-114 supplied $9000 to Mali for collaborative re
search in nitrogen agronomy and physiology. In addition, 
thi.-project furnished a plant tissue grinder and extra blades 
($6400), a portable plant tissue chopper ($600) and a port
able balance ($400) for use in the collaborative research. 

Publications and Presentations 

Publications 

Youngquist, J.B. and J.W. Maranville. 1992. Patterns of N mobilization in 
grain sorghum hybrids and the relationship to grain and dry matter 
production. J. Plant Nut. 15:445-456. 

Maranville, J.W. 1991. Strategies of N use efficiency in Ca grain crops. pp. 
71-74. In Proc. 17th Bienn. Grain Sorghum Res. Utiliz. Conf. February 
17-20. Lubbock, TX. 

Toure, A.W. Effect of rate and time of application on pearl millet response 
to nitrogen. M.S. Thesis. University of Nebraska, Lincoln, NE. 142 p. 

Presentation 

Made a presentation to the SICNA group during their summer tour at 
Lincoln, NE on N uptake and use research in sorghum and pearl millet. 
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Collaborating Scientists 

Dr. Saeed Farah and Mr. G. I. Gandoul (Water Scientists) and Dr. Osman Ibrahim El Obeid, Sorghum Breeder;
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Summary 

Our midseason stress resistance screening model testing
continued through 1992 and exposed some genotypes with 
excellent stalk strength. 

Investigations to date suggest that length of grain fill 
relates positively to seed size. Therefore, the length of grain
fill in relation to seed size and metabolic pace or respiration 
pace (as a possible length of grain fill indicator or controller)
is being evaluated. A substantial experiment was initiated to 
(1) determine the genetic variability for metabolic pace
(respiration rate) in 153 fertile SI panicles from a tan plant
population and (2) determine segregation patterns for respi-
ration rate and grain fill length in subsequent generations.
Initial respiration rate measurements suggest two to four 
fold differences in respiration rates amongst heads which 
bloomed the same day indicating excellent genetic variabil-
ity for metabolic pace. The segregation pattern research on 
respiration rate and grain fill length will be conducted in 
1993. 

Heat shock protein (HSP) research demonstrated that 
HSP production is tissue specific amongst roots, Icaves and 
panicles. Specific panicle results clearly show that the hy-
brid DK46 resistant to high temperature stress, synthesized
more HSP and in larger amounts compared to RS671, the 
sensitive hybrid. Secondly, most of the HSP were present i-, 
significant amounts at 400C in the resistant hybrid. In case 
of the sensitive genotype, most of the HSP appeared in 
significant amounts only at 451C. This differential threshold 

temperature requirement of the two genotypes appears to be 
related to the differences in the sensitivity of these two 
genotypes to high temperature stress in the field. Our specu
lation is that differences among genotypes in the threshold 
temperature requirement for HSP synthesis may be very
criticad to their ability to survive high temperature stress. 
Physiological roles of these low molecular HSP must be 
established to further our understanding about their possible
mechanistic roles in thermotolerance or other types of stress 
tolc-ance. 

Objectives, Production and Utilization Constraints 

Objectives 

The utility of mission oriented physiological research is 
primarily, if not completely, to (1)devise improvements in 
cultural practices and (2) to devise or improve genetic
mnipulation screening techniques. 

Therefore, the first general objective includes cultural 
research investigations relating to water use efficiency 
(WUE) and nutrient use efficiency (NUE) needs. 

A second general objective is investigation of water and 
temperature stress resistance mechanisms as they relate to 
(1) developing stress screening techniques and (2) genetic
manipulation of stress resistance mechanisms with empha
ses at both the field and gene levels. Quite obviously gains 
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in these research areas of the second general objective have 
the net effect of improving WUE in the first objective 
because of yield improvement (see the seasonal WJE equa-
tion below), 

Since water is the primary limiting crop production re-
source in most of the world's sorghum growing regions, a 
brief review of WUE components and how to maximize 
WUE follows. By definitioai: 

Seasonal WUE = yield (grain or biomass)/evapotranspira-
ton (ET) 

IWVUE = CO2 uptake/transpiration (Sinclair et al., 1984; 
Tair and Sinclair, 1983) 

Any genetic or cultural factor which increases yield 
without increasing ET or increases yield faster than ET will 
improve WUE. Also factors which reduce E and/or T while 
holding yield constant or decrease yield at a slower rate than 
E and T decline, will increase WUE (Gandoul et al., 1990; 
Stewart and Steiner, 1090). 

Instantaneous WUE equals CO2 uptake/transpiration 
(Sinclair et al., 1984). Newer more sensitive techniques for 
measuring E, T and CO2 exchange rates in canopies permit 
more detailed analyses of selected factors which influence 
both the numerator and denominator of the IWUE equation. 
Such measurements at sensitive growth stages (when seed 
number potential and essential yield potential are being set), 
may be useful in differentiating between high and low WUE 
plants. Crops of interest are primarily sorghum, millet and 
legumes in sorghum/millet based cropping systems. The 
legume interest stems from the reality of low N soils and 
high fertilizer N costs in lesser developed target countries. 

Evaporation and transpiration measurements may also be 
useful in determining how comparative cultural practices 
influence WUE components. Seasonal and instantaneous 
WUE analyses should provide greater insights into which 
cultural factors maximize retention of water and which 
physiological properties should be manipulated genetically 
to increase WUE. 

As alluded to above, any factor having a major impact on 
yield influences seasonal WUE and usually merits research 
(examples are species, improved genotype, fertility level, 
water level, etc.). Evapotranspiration is also influenced by 
a host of factors including soil type, fertility level, water 
storage level, root system extent and activity (water ration-

ing over the entire season), tillage and residue effects, cli-
mate, micro-climate, canopy architecture, etc. Some factors 
influence the magnitude of both the numerator and denomi-

nator of both the seasonal WUE and IWUE equations. 
Rese.rch in this project is designed and conducted within 
this general context. 

Investigations pertaining to both general objectives 
stated above include field canopy measurements on photo

synthesis, transpiration and soil water content to determine 
both instantaneous and seasonal water use efficiencies in 
stress resistant and stress susceptible sorghums, legumes 
and other crops in sorghum/millet based cropping systems. 
Legume performance is especially critical in developing 
countries because of nitrogen deficiencies and the high cost 
of commercial fertilizers. 

Constraints 

Niger. Resume development of (1) both rotation and 
intercropping systems to optimize nitrogen fixation and 
improve millet yields and (2)continue crop residue manage
ment research and add animal manures to reduce soil ero
sion, improve seedling establishment, maximize water 
infiltration, and enhance soil nutrient status to improve 
millet and legume yields. 

Sudan: The effort here relates closely to soil nutrient 
enhancement probler, s alluded to in the Niger statement. 
The heaviest effort is preparing Mr. G. I.Gandoul (through 
a Ph.D. here) to return and evaiuate the best legumes pri
marily for N fixation and oil production to put in their 
sorghum based Gedarif area cropping systems where soil N 
status is low from essentially continuous sorghum cropping 
over the past 50 years. 

Egyp Define water and nutrient level effects on both 
water and nutrient use efficiencies in sorghum. Cooperate 
on water and salt stress screenings. 

Zimbabwe: Student training research on sorghum emer
gence problems. 

Mexico: Cooperative location testing (University of 
Nuevo Leon, Monterrey, MEXICO) on control of seed 
weight in conjunction with post anthesis stress screening. 

Botswana (also Senegal, Sudan and others): Supply 
stress resistant germplasm. 

U.S.A.: (1) Cooperate on stress tolerant germplasm 
screening with Mexico scienists as outlined above particu
larly cn post anthesis stresses and continue stress mecha
nism research. 

References 

Gandoul, G.I., J.D. Eastin, M.D. Clegg, and M.Mirghani. Factors influ
encing water use efficiency. In Gebisa Ejeta (ed.) ARC/INTSORMIL 
Sudan Sorghum and Millet Workshop in November 1989. In Press. 

Sinclair, T.R., C.B. Tanner and J.M. Bennett. 1984. Water use efficiency 

in crop production. 1ioscience 34:36-40. 
Stewart, B.A. , and J.L. Steiner. 1990. Water-Use Efficiency. pp. 151-173. 

In R.P. Singh, J.E. Parr and B.A. Stewart (eds.) Advance in Soil 
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Sinclair (eds). Limitations to Efficient Water Use in Crop Production. 
American Society of Agronomy, Crop Science Society of America, Soil 

Science Society of America. Mad;son, WI. USA. 
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Research Approach and Project Output 

Niger The miliet/cowpea rotation plus WUE work was 
put on hold until 1993 since Mr. Mamane Nouri was in 
France on short term training during the growing season. 

Sudan: Mr. G. I. Gandoul's Ph.D. dissertation research is 
continuing on how to maximize photosynthesis and mini-
mize transpiration in legitnes to increase N fixation in 
limited waterenvironments. Thecriticalnessof this research 
relates to large areas where monocropFed sorghum over the 
past 50 years has depleted soil N and N fertilizer is very 
expensive, dictating the need for high legume N fixation in
sorghum based cropping systems. Currently he is involved 
ingreenhouse barrel (2001 volume) stress screening experi-
ments to determine the relative responses of different leg-
umes under stress. 

2yt: Sorghum water x nutrient level interaction experi-
ments are being readied for 1993. One of their biggest
experimental problems is quantifying the amount of water 
applied in the field. Therefore, a water metering system was 
designed for WUE experiments but was not used in 1992. 
Some refinements will be made in March, 1993. Over 600 
tan plant population selections by Drs. Osman Fl Nagouly, 
Dr. M.F. Saba and others were sent as per request plus two 
random mating populations and four A/B pairs. The A/B 
pairs arrived too ;ate for planting but the other growouts
proceeded as planned. Crossing of Egyptian adapted lines 
(the Gizas inparticular) to stress resistant population steriles 
to begin an adapted Egyptian population was not achieved,
Mr. Mohamed Hovny from Assuit University is conducting 
his Ph.D. dissertation research at Nebraska on water re-
sponse and stress screening in sorghum. Essentially all of 
the cooperative Egypt program is funded by USAID Egypt. 

Zimbabwe: Mr. Ermson Nyakatawa's M.Sc. thesis re-
search on genotype emergence responses to different levels 
of soil cristing, a common Southern Africa problem, iswell 
along. His M.Sc. research will be detailed in the 1993 
Annual Report. 

Mexico: The first post anthesis stress/seed size screening

trials will probably be initiated in March 1993 in coopera-

tion with Dr. Francisco Zavala-Garcia. He is a former UNL 

student and post doctorate and in contributing post anthesis 

stress screening unavailable in the U.S. 


USA: (1)Continue stress resistance mechanism investi-
gations which involve canopy photosynthesis, transpiration 
and respiration measurements, root activity research, meta-
bolic efficiency and stress shock protein synthesis, (2) 
conopy gas exchange measurements were made but stress 
was minor. Results will notbeincluded. Stress shock protein 
research rationale and selecteu results from a paper submit
ted by P. K. Verma, J.D. Eastin and J.E. Partridge follow. 

Heat shock proteins (HSP), a group of proteins synthe-
sized in response to temperature stress, have been associated 

with thermotolerance in plant tissue. Genetic diversity 
among these proteins has been related to the differential 
genotypic responses under stress in crop plants. In most 
studies, however, the seedling tissue has been used. The 
objective of this study was to study the heat shock response
in two sorghum genotypes contrasting in their sensitivity to 
stress to answer the following questions (1)do the seedlings
and mature plants respond differently to heat shock? and (2)
do two contrasting sorghum hybrids have a differential heat 
shock response especially with respect to the extent of 
expression of HSP and the temperature at which they are 
induced?
 

Sorghum hybrids used in the study were RS671 and 
DK46. RS671 is a public hybrid sensitive to temperaure 
stress while DK46 is a stress resistant commercial grain
sorghum hybrid. Different tissue types studied were as 
follows: roots and shoots of three day old etiolated seed
lings, meristematic and expanded leaf from plants during
panicle development, and the developing panicle at FD 
(floret differentiation) and FD+7 stages. Test tissue was 
preincubated 2.5 hours at 30C, transferred to test tempera
tures of 30, 35, 40 and 45C for 10 minutes before adding
(35S) methionine and incubated for two hours. The tissue 
was then extracted and subjected to two-dimensional elec
trophoresis. Gels were treated with ENHANCE for 
fluorography analyses with a Visage 110 (Biolmage) image 
analyzer. 

Thirty degrees celsius was used as a control and 35, 40 
and 45"C were used as heat shock temperatures. However,
there was no difference between the protein patterns at 303 
and 35°C. The heat shock genes inthe two hybrids used must 
require a temperature higher than 350 for activation. There
fore, for the purposes of this paper, 350 treatment will be 
considered as control and will be compared with 40 and
 
450C treatments to detect a HS response.
 

Proteins were identified following the schematic diagram
given in Figure 1.All comparisons are made using data in 
Table la and b.A total of 29 HSP were detected in shoots 
(Table la) compared to a total of 30 HSP in the root tissue 
(Table 1b). Most of these HSP were low molecular weight
proteins ranging between 15 and 30 kD. However, 65, 70 
and 85 kD HSP were present in relatively larger amounts. 
Over 30 HSP, most of which are low molecular weight
proteins, have been reported in plant systems (Kimpel and 
Key, 1985b; Krishnan et al., 1989; Vierling and Nguyen,
1990). Most plant HSP are present between 15 and 18 kD 
(Mansfield arid Key, 1987). These are also the HSP which 
are unique to plant systems (Sachs and Ho, 1986). Other low 
molecular weight HSP in plants range frorm 20 to 30 kD. 
High molecular weight HSP are usually abundant in mam
malian, insect ad yeast systems (Kimpel and Key. 1985b). 

Theamountof HSPgencrally increased with temperature 
as expected, but there were a few exceptions. The synthesis
of some HSP which were present at 40°C either slowed 
down or ceased at 451C. Fourteen HSP in RS671 were 
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Figure 1. 	 Diagrammatic pattern of heat shock pro- Figure 2. Respiration rates (pimole C0 2/kg/hr) of 153 
teins (HSP) observed in the etiolated seed- random mated population Si fertile heads 
lings and mature plants at 45 days after taken over two days in the field. Each value 
planting in two sorghum hybrids following is the mean of three measurements. 
2-d electrophoresis. Proteins were num
bered using a 2-way classification - molecu
lar weights on the vertical axis and arbitrary 
lane divisions on the horizontal axis. Y-27X-4a.39 
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number, were generally present in larger amounts. Five HSP 
in RS671 and four HSP in DK46 roots which were present 
in const;tutive levels either did not increase with tempera
ture or actually decreased at higher temperatures. In the 

present in constitutive amounts (at 35°C) in the shoot tissue roots, eight HSP were unique to DK46 while only one was 

(Table la) aid five of these (HSP25-1.5, HSP23-1.5, unique to RS671. Of these 8 HSP, HSP28-1, HSP24 and 
vereHSP17-i, 1.5, 2) actually decreased or did not change with HSP23-2 were not only present in DK46 shoots but 

alse unique to DK46 shoots. HSP15-2 was present in theincreasing temperature. It is interesting to note that four out 
of these five proteins increased with temperature in DK46 sho ts of DK46 only. Likewise, HSP85 was present in 

thus showing anormal hS response.The exception (HSP17- DK 6 ruot only and HSP19-3 was unique to RS671 oot. It 

2) had a normal HS response in the root tissue of both is interesting to note that HSPI9-3 was present only at 40 0C 

hybrids. While most of the shcot tissue HSP were common and not at 450C. 
to both genotypes, five HSP were specific to DK46 and two 
were specific to RS671. Low molecular weight HS? are A comparison of the root and shoot HS responses indi

cated that there were qualitative as well quantitative differbelieved to play a more important role in rendering theimo-
ences between tissue types and between genotypes. Whiletolerance to plant tissue (Kimpel and Key, 1985b). The most 

abundant low molecular weight HSP in RS671 shoot were all of these differences could not be detected without the 

at 28 and 16 kD compared to 28, 17 and 16 kD in DK46. quantification of fluorographs, a lot of them were evident 
visually. 

Fewer HSP were present in RS671 roots compared to the 
The differences between genotypes and among temperashoots. In DK46 roots had the same number of HSP as 

shoots (Data will not be detailed in table form here). Also, ture treatments within a genotype were very pronounced in 

26 out of 27 HSP were the same in both tissue types. As in the mature plant. The synthesis of normal proteins, which is 

the shoot, the high molecular weight HSP, though fewer in interrupted in response to heat shock in plants (Key et al., 
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Table la. Optical density of heat shock proteins (HSP) in thu shoot tissue of etiolated seedlings of two sorghum
_hybrids. 

lISP 350 C 
RS671 
40 0C 45 0C 350C 

DK46 
400 C 450 C 

HSP85 
IISP7O-3 

HSP70-2 
SISP70-1 

HSP65-2 

tlSP65 
11SP28-2 
11SP28-1 

tSP25-2 

HSP25-1.5 
HSP24 

11SP23-3 
11SP23-2.5 
ISP23-2 

11SP23-1.5 

HSP21-2 

9.21 

7.24 

7.77 
2.16 

1.39 

0.89 

0.71 

0.74 

9.54 

11.29 
7.32 

5.40 

7.11 
2.16 

1.34 

0.78 

0.69 
0.93 

0.73 

0.35 

17.10 

7.06 
13.36 

14.65 

10.38 
5.94 

2.34 

0.83 

0.23 
0.45 

0.59 

0.70 

6.86 

4.57 
5.18 

9.95 
0.88 
0.59 

0.41 

0.22 

0.86 

0.26 
0.23 
0.58 

9.32 

7.37 
8.01 

6.68 

9.06 

2.04 

0.80 

0.39 
1.39 

0.51 
0.51 
0.83 
0.80 

8.18 

7.44 
6.61 

8.09 
10.70 
3.94 

5.59 

1.27 

0.43 

1.81 

1.22 

0.33 
0.99 
0.63 

0.76 
IISP19-3 
11SP19-2.5 

IISP19-2 
IISP18-3 

0.97 1.41 

0.95 
0.60 
0.33 

0.10 

0.13 
0.80 

0.29 
0.31 

1.77 

0.55 
0.94 

H!SPI8-2.5 0.71 
11SP17-2.5 
1FSP17-2 

11SP17-1.5 
IISPI7-1 
IISPI6-5 

HSPI6-4 

HSPI6-3 

JISP16-2 
IISP16-1.5 
IISPi5-2 

10.11 

5.94 
11.13 
2.54 

1.52 

0.47 
7.66 

2.93 
8.17 
3.02 

1.06 

0.77 

2.79 
0.79 

6.78 

2.41 
5.24 

3.37 

1.05 

0.95 

6.84 

3.87 

3.60 

1.92 
8.39 
0.22 

0.24 

1.57 

2.08 

Mi.08 
0.40 

0.25 

0.64 

3.42 

0.86 

2.59 

2.42 
10.11 

1.71 

0.28 

0.72 

4.60 

3.89 
1.50 

1985; Burdon, 1986; Lindquist, 1986; Brodl, 1989), was whether the 23kD HSP in seedlings are any different fromdrastically reduced or almost completely inhibited in the the 22kD HSP in mature plant even though the imagemature plant tissue. This reduction was significantly less in analyzer consistently (over several gels) identified them tothe seedling tissue(Figure2).Atotalof27HSPwerepresent be of different molecular weights. At the very least theyin the expanded and the meristematic part of the leaf of represent very closely related gene families.
which 24 ranged in size from 15 to 25kD. Only one highmolecular weight HSP (65kD) was present. The qualitative Seven HSP were unique to DK46 and one unique toas well as the quantitative differences between the two RS671 in the expanded leaf. DK46 not only had more HSPgenotypes were greater in the expanded leaf compared to the present in constitutive amounts ai 351C, it also had a greaterexpanding leaf. The expanded leaf of DK46 synthesized 21 heat shock response both at 40 and 451C. All six HSP whichHSP at 451C rompared to 14 in RS67 I. RS671 is extremely appeared at 451C in RS671 were present at 401C in DK46.sensitive to stress in the field (Verma, 1987) and shows "lhree of these were even present at 350 in DK46. Thisprofuse leaf firing when exposed to even a few days with clearly indicates a differential temperature threshold remaximum temperatures higher than 351C. Like in the seed- quired to induce the synthesis of a few HSP in the twoling tissue, some proteins present in constitutive amounts at hybrids. Similar response was observed in the expandingcontyol temperature did not increase or actually decreased leaf also. There were only 14 HSP in RS671 compared toin amount at higher temperatures; and again this response 20 inDK46expanding leaf tissueat40oC whileboth hybridswas usually tissue and/or genotype specific for any one hadatotalof22HSPat45oC. Clearly some of the HSP wereprotein. Of the low molecular weight proteins in the ex- turning on at a relatively lower temperature in DK46 companded leaf, HSP17-1, HSP17-2 and hiSP17-3 were present pared to RS67 1.Two HSP (HSPI9-2 and HSPI 5-1.5) werein highest amounts in both hybrids. Groups of HSP most present only in expanded leaf of DK46 where as HSP20-3prominently missing in the mature plant compared to seed- and HSP17-3.5 were unique to expanding leaf in DK46.lings were at 16, 18, 28, 70 and 85kD. It is difficult to say HSP22-1 was unique to the expanding leaf tissue in both 
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Table lb. Optical density of heat shock proteins (HSP) in the root tissue of etiolated seedlings of two sorghum
hybrids. 

RS671 DK46 

HSP 35°C 400C 45 0C 350C 400C 450 C 

HSP85 5.14 3.76 

HSP70-3 4.16 3.48 2.91 5.01 9.56 

HSP70.2 4.81 5.36 4.07 12.65 8.53 8.72 

HSP70 - 1 4.27 4.09 3.01 7.72 8.63 

HSP65-2 2.97 3.29 8.23 9.01 

HSP65 2.71 3.54 6.42 4.51 7.63 11.06 

HSP28-2 .65 1.79 2.66 0.53 1.65 1.47 

HSP28-1 1.23 3.06 

HSP25-2 0.73 0.40 1.51 0.60 

HSP25-1.5 0.34 0.26 0.62 0.55 0.57 

HSP24 1.89 

HSP23-3 0.84 1.22 0.21 0.19 0.75 0.59 

HSP23-2.5 0.32 0.17 0.39 0.43 0.42 

HSP23-2 0.73 0.57 0.86 

HSP23-1.5 0.59 0.97 0.95 1.01 

HSP21-2 0.56 0.65 0.64 

HSP19-3 0.61 

HSP19-2.5 0.26 0.15 0.20 0.44 1.40 

HSPI9-2 0.33 0.60 0.70 0.85 

HSP18-3 0.19 0.61 0.23 1.89 1.15 

1tSP18-2.5 0.75 

iiSP17-2.5 0.07 0.46 0.28 

HSPI7-2 1.09 2.28 2.32 3.62 2.51 

HSPI7-1.5 2.30 1.03 1.99 2.73 

HSP17-1 3.65 4.67 7.47 5.79 7.41 

HSP16-5 0.74 0.93 0.35 2.01 1.61 

HSPI6-4 0.43 1.02 

HSP16-3 0.58 0.95 

HSP16-2 0.54 0.38 4.02 0.67 3.14 6.39 

HSPI6-1.5 1.50 1.83 0.96 2.89 

HSPI5-2 1.50 

hybrids. As in the expanded leaf, the most abundant low pronounced for high moleclar weight HSP. High molecular 
molecular weight HSP in the expanding tissue of hybrids weight proteins were observed in significantly larger 
were IISP17-1, HSP17-2 and HSP17-3. amounts in the seedlings of the two hybrids in this study and 

may be more critically associated with thermotolerance in 

Relatively abundant amounts of HSP with molecular the seedling tissue than generally believed in plant systems. 
weights higher than 65kD has been reported in sorghum Genotypic HSP differences associated with diiferential 
(Howarth, 1989). Differences between expanded and ex- stress responses have also been reported in two other studies 
panding leaves observed here are similar to the tissue speci- (Howarth, 1989; Sivaramakrishnan et al., 1990) which u .zd 
ficity reported earlier (Altschuler and Mascarenhas, 1983; sorghum and pearl millet seedlings. Howarth (1989) ob-
Cooper et al., 1984; Ougham and Stoddart, 1986; Howarth, served a non-coordinate control of HSP synthesis during 
1989). These should more specifically be in' -rpreted as germination and the thermotolerant sorghum line was able 
developmental stage specific differential heat shock re- to synthesize HSP at an earlier stage of germination com
sponses. The differences between the general pattern of heat pared to the sensitive line. A differential induction of high 
shock response among roots, shoots and leaves ,,f mature and low molecular weight HSP, and considerable synthe: is 
plant observed in this study ace real tissue specific effects. of normal proteins during heat shock was also observed. 

Sivaramakrishnan et al. (1990) observed a greater heat 
Differential heat shock respons-,s have been assocated shock response in millet compared to sorghum under iden

with differences among genotypes for thermotoleiance. ticai conditions. Millet can, in gene-ral, survive higher tem-
Ougham and Stoddart (1986) compared CK60A, a tempera- peratures better than sorghum since, over the years, it has 
ture resistant line and IS84, a stress sensitive line of sor- evolved into a more drought resistant species than sorghum. 
ghum. The synthesis of HSP initiated much earlier in the The lines used in all three studies discussed above werc 
resistant lne compared to the sensitive line in seedlings identified based on their emergence and/or seedling survival 
following imbibition. These differences were especially under high temperature typical of the semiarid regions of the 
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world where sorghum and millet are commonly grown arA 
where seedling establishment is -.rhaps the most limiting
factor to productivity, 

The general pattern of synthesis of HSP in the panicle
tissue was the same as in the leaves from mature plants.
Since there were few differences between leaf and panicle
HS responses, a separate diagrammatic pattern and a de-
tailed table of HSP in the panicle tissue are not presented. 
At FD, only 12 HSP were present at 401C in RS671 com-
pared to 21 in DK46. A more obvious difference between 
the two genotypes at 401C was in the amounts of HSP 
synthesized. DK46 had significantly higher rates of synthe-
ses of HSP compared to RS67 1.At 450C, there were little 
differences between DK46 and RS671 (a total of 22 and 19 
HSP, respectively) both qualitatively and quantitatively. 
Clearly, several HSP in RS671 required a threshold tem-
perature higher than 401C to be expressed, and most had a 
lower rate of synthesis at 401C when compared to DK46 at 
the same temperature. The most abundant HSP in DK46 
were hSP25, HS1I17-1, HSP17-2 and HSPI7-3, with 
HSPI'/-! being present in the largest amount. In RS671, 
whileitwasthesamefourproteins, theirrelativeproportions 
were different. HSPI7-2, and not HSP17-1, was the most 
abundant of the four HSP. HSP22-2, HSP22-2.5, HSP17-4 
and HSP15-4 were present in significantly larger amounts 
in RS671 compared to DK46 at 45'C. 

At FD+7, there was a slight increase in the HS response
of DK46. RS67 1,on the other har', -howed a significantly
reduced HS response at FD+7 compared to FD stage even 
at 45 0C. The pattern of the four most abundant HSP at FD+7 
was similar to the one observed at FD stage in both geno
types. There wa' a significant reduction in the rates of 
syntheses of HSP, or groups of HSP, with the molecular 
weights of 15, 20 and 22 kD in RS671 at 45 0C, at FD+7 
compared to FD. On the other hand, these HSP as well as 
HSP25 and HSP17-4 were synthesized in visibly larger 
amounts at FD+7 compared to FD in DK46. Clearly, there 
was a differential developmental regulation of several HSP 
in the two genotypes. It is interesting to nGtc the reduced HS 
response in RS671 at FD+7 stage since this hybrid is cx-
tremely sensitive to high temperature stress at this stage in 
the field ('3astin et al. 1983; Gonzalez-Hernandez, 1982; 
Verma, 1)87). Even two hot days in the field during this 
stage of development t an cause the panicle to emerge (later)
from the whorl with white band(s) of aborted florets. 

The results clearly show that the grain sorghum hybrid
DK46, resistant to high terr',erature stress, syntiesized 
more HSP and in larger amoui.ts compared to RS671, the 
sensitive hyLrid. Secondly, most of the HSP were present in 
significant amounts at 40"C in the resistant hybrid. In case 
of the sensitive genotype, most of the HSP appeared in 
significant amounts only at 45 0C and only at FD stage. At 
the FD+7 stage of development, there was very little in-
crease in the HS response of the sensitive hybrid at 45C 
compared to 401C. It appears that the dirffrenial threshold 
temperature requirement of the two genotypes observed also 

in the vegetative tissue of these genotypes, is related to the 
differences inthe sensitivity of these two genotypes to high 
temperature stress in the field. Howarth (1991) noted that a 
gradual increase in temperature, as would occur in the field, 
induces the synthesis of HSP. However, even thouga HSP 
accumulated in the tissue, their de novo synthesis when high 
temperatures are encountered, is essential for thermotoler
ance. A reurn to normal temperature for 24 hours caused 
the HSP to lose their protective roles in thermotolerance in 
sorghum (Howarth, 1991). Thus, there is a time as well as a 
temperature component in the development of theniotoler
ance. These observations lend support to our speculation
that differences among genotypes in the threshold tempera
ture requirement for HSP synthesis may be very critical to 
their ability to survive high temperature stress. If the HSP 
are synthesized at a temperature very near the lethal tem
perature, they would essentially not be present in the tissue 
prior to exposure to such severely damaging (but not lethal) 
temperature to contribute to any protective mechanism, and 
would be ineffective for protection during the next cycle of 
stress which may occur the next day. Conversely, if the HSP 
aresynthesizedatarelativelylowertemperature, theywould
be in place and (still) be active to protect against highly
stressful, but not lethal, temperatures when they do occur 
ler in the day. 

Physiological roles of these low molecular HSP must be 
established to further our understanding about possible
mechanisms in thermotolerance. The HSP must also be 
studied in tissues and during developmental stages whiLh 
are mos! critically involved in determining the final eco
nomic yield. 

Asecond component of USA Objective 1involves pan
icle respiration rate evaluation. Panicle respiration rate in
formation is of interest because plant metabolic pace (as
 
judged by respiration rate) appears to correlate inversely

with grain fill length within a genotype. Since grain fill
 
length correlates positively with the seed size component of
 
yield, a good adaptation factor for a given area appears to
 
be through a sufficiently slow metabolic pace to stretch
 
graa fill length to match either the available water supply
 
or the length of the prevailing frost free time period inorder
 
to optimize seed size and grain yield. This raises two ques
tions. The first question is how close is the association 
between panicle respiration rate (estimate of metabolic 
pace) and grain fill length? The second question is what is 
the genetic variability for panicle respiration rate? To begin
addressing both of these questions a survey of random 
mating (Ri) population fertile S heads was conducted by 
Ms. kfchel Ngulube (undergraduate from Zambia) with 
assistance from G. I. Gandoul (Sudan), Mohamed R. A. 
Hovny (Egypt) and myself. The interest in such a survey 
stems from the fact that eight years ago Thomas Gerik 
conducted such a survey on a population here and found 
three to four fold differences in respiration rates amongst 50 
SIpopula:ion plants. Ms. Ngulube surveyed 153 fertile SI 
panicles from a tan plant RM population. Results (Figure 2) 
on measurements over a range of 29 to 35C (%ith the bulk 
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of the data from 30-34) illustrate great variability. Most 
values in Figure 2 are means of three measurements taken 
at three different temperatures (times of the day). The mean 
values are plotted against the mean temperature of the three 
sets of measurements. 

Consider the set of geno.ypes which have a mean respi-

ration rate of 31 ± 1 itmole CO2/kg/hr. Two genotypes 
achieve that metabolic pace at 31C while another group 
achieves that rate at about 33C and one genotype requires 
35C to achieve that rate. Based on other measurements we 
have made, we would speculate that the 35C genotype 
would fit a higher temperature tropical environment while 
the 3IC genotype set would fit a cooler temperate or higher 
elevation cooler tropical climate. The difference between 
31C and 35C is quite significant because respiration rate 
(metabolic pace) increases about 15%/OC in sorghum. A 5C 
increase in night temperature above optimum foragenotype 
decreased grain fill length 20 to 25% in our tests. 

Ms. Ngulube's destructive respiration measurements 
were taken on the upper 25% of the panicle leaving the rest 
of the panicle for harvest. The remaining seed was sent to 
Dr. Francisco Zavala-Garcia in Mexico to advance a gen-
Lration in a winter nursery. The S2 progeny will be planted 
with the SI's in 1993 to determine segregation patterns for 
respiration rate and grain fill length. Contrasting respiration 
types will then be recombined for testing in coot and warm 
climates to determine whether or niot respiration rate screen-
ing is likely to be a viable breeder field screening tool. We 
anticipate this research will be part of Ms. Ngulube's M.Sc. 
thesis and hope it will lead to Ph.D. research in Zambia. 

USA: (2) Objective 2 on determining correlations be-
tween grain fill length, head respiration rate, seed weight 
and yield was addressed in a parent/hybrid test but is not yet 
fully analyzed. Philosophically it relates closely to the re
search initiated by Ms. Ngulube just described. 

Networking 

Workshops 

Eastin, J.D. et al. 1992. The response ofcrops to tempera
ture, water and light stresses. Invited presentation at the 
EMBRAPA First Internalioal Symposium on Environ-
mental Stress: Corn in Perspective. Sponsored by EM-
BRAPA (Brazilian Agricultural Research Agency/Maize 
and Sorghum Improvement Center) and CIMMYT, March 
1992. 

Participated in a mid-term review (five year project) in 
Hyderabad, India of the Indo-US Subcommission on Dry-
land Agriculture and Chaired a Program Session On Emerg
ing Public/Private Agriculturad Research in India. Dr. P. K. 
Verma organized the session. The review served as a mid-
term goal correction based on achievemcnts to date. My 
responsibility is to serve as cooperating scientist for USDA, 
OICD on five projects as follows: The main title is 

Germplasm Enhancement for Drought Tolerance and Rec
lamation of Wastelands. Subprojects are: 

Screening and breeding rabi sorghum for drought toler
ance; Moisture storage and fertilizer management to im
prove production over M.35-1 (Solapur Center and Bijapur 
-two projects with about 10 scientists). A post anthesis stress 
screening scheme was put on trial in 1988 and appears to be 
working quite well but will require longer term testing. An 
M.35-1 based line breeding scheme was also initiated in 
1989 to improve production over M.35-1 which has been 
the premiere rabi (grown on stored soil water) sorghum for 
50 years in an area supporting several million people. Re
suits at the F 3 level appear very encouraging with a signifi
cant number of F3's showing superiority over M.35-1 in 
grain yield in both Bijapur and Solapur and in seed size in 
some of the Solapur lines. TV, methodology seems to be 
working quite well. F5 testing in 1993 rabi will be much 
more definitive. A longer range population program has also 
been initiated. There is little doubt that some valuable 
germplasm for the semiarid tropics and the US will be 
released from these two programs inthe near future. 

The Solapur and Bij-pur stations are doing excellent 
research on both WUE and NUE (especially Pand N)inboth 

-rotation and intercropping systems involving Lucaena 
cowpea - sorghum; black gram and green gram and sor
ghum. The Hyderabad station is doIng premiere work on 
maximizing N fixation under limited water in sorghum/mil
let based cropping systems plus a castor bean program. 
Research at Jhodpur includes millet, moth bean and mus
tard. Sensitive growth stages have been determined. Stress 
resistance mechanisms related to N nutrition will be ad
dressed over the next two years. 

Research Investigator Exchanges 

Mohamed R. Hovny from Egypt is doing stress screen-
ing/WUE research here for a Ph.D. dissertation through 
Assuit Universit,. 

Several Egyptian scientists have visited for one to two 
week stays. 

Dr. A. N. Lahiri and Dr. S. Venkateswarlu visited from 
India for 1 week. 

Germplasm and research information exchange 

Germplasm conservation 

(a) Twenty-two stress tt -rant rabi sorghum lines are 
being imported from India. 

(b) International exchanges (1991-93): Over 600 popu
lation derived R lines sent to Egypt. About 40 R lines to 
Texas A&M. A stress resistant population was sent to 
Senegal and ICRISAT, India. Three A/B pairs and 10 R lines 
to Spain. A/B pair to Senegal. 
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Seed production Sachs, M.M. and T.D. Ho. 1986. Alteration of gene expression during
enviwnental stress in plants. Ann. Rev. Plant Physiol. 37:363-376. 

Sivaramakrishnan, S., VZ Patell and P. Soman. 1990. iHeat shock proteins(a) Over 1000 lines plus 4 A/B pairs to India of sorghum and pearl millet cuItivars with differing heat tnlerance at 
seedling establishment stage. J. Exp. Botany. 41:249-254.(b) 169large seeded accessions acquired forpost anh is Verma, P.K. 1987. Physiological responses of sorghum genotypes toenvironmental stress. Ph.D. Dis., University of Nebraska, Lincoln,stress work in 1992. Most are over 6-12' tall and were NE.


crossed to adapted tan plant population steriles in 1992. Vierling, R.A. and H.T. Nguyen. 1990. 
 leat shock protein synthesis and 
accumulation in diploid whest. Crop Sci. 30:1337-1342. 

(c)Random mating population requests from Brazil Publications and Presentations 

CRSP Produced Technology JournalArticles 

CRSP produced technology on legume/millet intercrop- Rajewsk. J. F., C. A. Francis, and J.D. Eastin. 1991. Differential responses
ping is being used by farmers in Niger but the impact has to defoliation of grain sorghum yield components and yield-related
not been quantified. traits. Crop Sci. 31:561-66. 

Zavala-Garcia, F.. PJ. Bramel-Cox, J.D. Bastin, M.D. Witt and DJ. 
Andrews. 1992. Increasing the efficiency of the crop selection forAssistance Given unpredictable environments. Crop. Sci. 32:51-57. 

Zavaa-Garcia, F., Bramel-Cox, P.J., Eastin, J.D. 1992. Potential gain from 
selection for yield stability in two grain sorghum populations. Theor.Assistance given to collaboating scientists with research Appl. Genet. 85:112-129.


equipment, supplies and other support. Valves and miscel
laneous irrigation water control equipment developed for 
 JournalAbstracts 
Egyptian WUE research plus assembly in Egypt. Canopy 
gas exchange equipment constructed and carried to Egypt. Zavala-Garcia, F., 0. Marinesco, P.J. Bramel-Cox, J.D. Eastin, and M.D.Those two projects involved about $1000fabrication and testing time. plus two weeks wit. 1991. Choosing selection environments in sorghum for high
on siteVerma variable target areas. Agronomy Abstracts, p. 122. Verbal presentation.P.K., J.D. Eastin, and M.D. Witt. 1991. Leaf extension rate and leaf 

growth index to differentiate sorghum genotype growth responsesAppendix Heat Shock Protein Rererences under stress. Agronomy Abstracts, p. 135. Verbal presentation.7avala-Garcia, F.,J.D. Eastin, P.IC Verma, and M.D. Witt. 1992. Sorghum 
Altschuler, M. and J.P. Mascarenhas. 198. The synthesis of heat-shock genotypic sensitivity in CO 2 gas exchange to non optimal growingconditions. Agronomy Abstracts, Minneapolis, MN. p. 135.
 

and normal proteins at high temperatures in plants and their possible

roles in survival under heat stress. p. 321-327. In Schlesinger, MJ., M.
 
Ashbumerand A. Tissieres (ed.) Heat shock from bacteria to man, Cold Presentations
 
Spring Harbor Laboratory, Cold Spring Harbor, NY.


Brodl, M.R. 1989. Regulation of the synthesis of normal cellular proteins Eastin, J.D. 1991. The influence of environmental stresses on productionduring heat shock. Physiologia Plantam. 75:439-443. and water use efficiency. Invited presentation at a January 8-12, 1991Burdon, If. 1986. Heat shock and the heal shock proteins. Biochem. J. Symposium on the Impact of Global Climate's Changes on Photosyn240:313-324. thesis and Plant Productivity in New Delhi, India. Symposium Spon-Cooper, P. and T.D. lo. 1983. Ileal shock prteins in maize. Plant Physiol. sors: Indian Council of Agricultural Research and ue Far Eastem71:215-222. Regional Research Office of the United States Department of Agricul-Cooper, P., T.D. Hlo and R.M. llauptman. 1984. Tissue specificity of heat ture.shock response in maize. Plant Physiol. 75:431-441. Eastin, J.D. et a. 1992. The response of crops to temperature, water and[astin, J.D., R.M. Castleberry, T.J. Gerik, J.11.1 lultquist, V. Mahalaksl-mi, light stiesses. Invited presentation at the EMBRAPA Fimst InternationalV.B. Ogunle:, ,-d J.R. Rice. 1983. Physiological aspects of high Symposium on Environmental Stress: Coin in Perspective. Sponsoredtemperature and water stress. p. 91-112. In C.D. Raper, Jr. and PJ. by EMBRAPA (Brazilian Agricultural Research AgencylMaize andKramer (ed.) Crop reactions to water and temperature stresses in Sorghum Improvement Center) and CIMMYT. March 1992.humid, temperate climates. Westview Press, Boulder, CO. Kubik, K.K., J.D. Eastin, J.A. Eastin. 1991. The effect of solid matrix
Ilowarth, C. 1989. Heat shock proteins in Sorghum bicolor and Pennisetum priming on the germination characteristics of field com. Agronomy
americanum 1. Genotypic and developmental variation during seed Abstracts, p. 169. Poster presentation.germination. Plant Cell Environ. !2:471-477. Kubik, K.K., J.A. Eastin, J.D. Eastin, and M.D. Clegg. 1992. Large scaleI lowarth, C. 1991. Molecular responses of plants to an increased incidence seed inoculation with f ',eficial microorganisms using solid matrixof heat shock. Plant, Cell and Environ. 14:831-841. priming (SMP) seed enhancement techniques. Agron. Abstracts, Min-Key, J.L., J. Kimpel, E. Vierling, C-Y. Lin, R.T. Nagao, E. Czamecka and neapolis, MA'. pp. 162, Nov. 1-6. 1992-F. Schoffl. 1985. Physiological and molecular analyses of the heat Kubik, K.K., J.A. Eastin, J.D. Eastin, and M.D. Clegg. 1992. Supesweetshock response in plants. p. 327-347. In B.G. Atkinson and D.B. sweet com: Combining solid matrix priming (SMP), with MicrobialWalden (ed.) Changes in Eukaryctic Gene Expression in Response to seed inoculation. Proc. Nat. Sym. Stand Estab. Ilortic. Crops, Fort
Environmental Stress, Academic Press, London. Myers, FL. pp. 139-145, Nov. 1I-20, 1992.
Kimpel, J.A. and J.L. Key. 1985a. Ilea[ shock in plants. TI3. 353-357. Zavala-Garcia, F., PJ. Bramel-Cox, D. Marinesco and J.D. Eastin. 1992.
Kimpel, J.A. and J.L. Key. 1985b. Presence of heat shock mRNAs in field 
 Effect of the selection environnt on genotypic respo: sea to a wije 
grown soybeans. Plant Physiol. 79:672-678. rane of environm ent o Absn trac M epols. MN p 120.


Krishnan, M., H.T. Nguyen and J.J. Burke. 1989. Ileat shock protein 
 rangeof environments. AgwnomyAbstractsMinneapolis MNp 120.
synthesis and thermal tolerance in wheal Plant Physiol. 90:140-145. 

Lindquist, S. 1986. The heat shod- response. Ann. Rev. Biochern. 55:1151
1191. 

Mansfield, M.A. and J.L. Key. 1987. Synthesis of low molecular weight
heat shock proteins in plants. Plant Physiol. 84:1007-1017. 

Ougham, ILL. and J.L. Stoddart. 1986. Synthesis of lheat-shock protein and 
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Summary 

The role of abscisic acid (ABA) in drought and heat 
tolerance was further investigated. It was previously found 
that plants grown from seed treated with ABA had greater 
desiccation tolerance. It was also shown that plants grown 
from seed produced in a stressful area (Bema, Mali) was 
more drought tolerant than plants grown from seed produced 
in a less stressful area (Cinzana, Mali). Seed from these 
sources was analyzed for free and conjugated-ABA concen-
trations. It was found that seed produced at Bema had on the 
average greater concentrations of conjugated-ABA than that 
in seed produced in Cinzana. There were no differences 
between the locations in free ABA. It was suggested that the 
conjugated form is converted to free ABA after the seed 
germinates. 

Several sorghum genotypes were screened for germina-
tion and stress tolerance by growing seedlings in charcoal 
pits at Cinzana, Mali. Soighums CSM 228, CSM 388, 
CE-90, and ICSV 1079 had the highest survival when 
drought and high temperature stressed inthe seedling stage. 

In continued studies on proline accumulation in stressed 
sorghums, itwas found that significant differences between 
genotypes ir, quantities of proline accumulation occurred, 
even though the plants were stressed the same under con-
trolled conditions. The Malian sorghums CSM 228 and 
CSM 2 1Q accumulated greater amounts of proline than U.S. 
genotypes, particularly in their leaves and stems. The 
Malian sorghums were also higher in both heat and desic-
cation tolerance. The results indicate that proline accumula-
tion is an adaptive mechanism for increased stress tolerance. 

Objectives, Production and Utilization Constraints 

Objectives 

Define plant physiological and biochemical mechanisms 
involved in drought and high temperature stress resistance 
and identify those which may be selected or managed for 
improved resistance. 

Develop and implement practical selection techniques 
for genotypes with desirable physiological responses, and 
identify cultural methods which will improve yield or yield 
stability in stressful situations. 

Constraints 

Environmental stress is a primary constraint, particularly 
drought and high temperatures. Germination, seedling 
emergence. stand establishment and drought, often accom
panied by high temperatures, are major problems in Mali. 
This project is aimed at investigating some of the physi
ological mechanisms associated with performance under 
stressful conditions. 

Research Approach and Project Output 

Research Methods 

Role of Abscisic Acid 

Abscisic acid (ABA) has an apparent role in plant resis
tance to stress, including drought, temperature, and mineral. 
In the ABA experiments, ten genotypes were selected for 
the study. These included Gadiaba, CSM 219, CSM 228, 
Malisor-5, Malisor-7, CE-90, CE-151, E35-1 and Sureno. 
These genotypes were grown from the same seed source at 
the Bema Research Station and the Cinzana Research Sta
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tion. Grain was collected at maturity and sent to Nebraska 
for ABA analysis. Seeds were homogenized and ABA ex-
tmcted and quantitatively determined, utilizing an ELISA 
method with a commercially obtained monoclonal antibody 
(PHYTODETEK, from Ideatek, Inc., San Bruno, CA). Con-
jugated ABA was determined by digesting the extract at 
801C after alkalizing to pH 12. 

Seedling Stress Resistance 

In another experiment, testing for seedling resistance to 
drought and high temperatures was done at Cinzana by 
utilizing the charcoal pits. The experimental design was 
randomized blocks with 4 replications. Each block was 
composed o, 20 rows planted with 20 seeds of each geno-
type, spaced 1 cm apart. Fine charcoal was spread on the 
surface of th- plots in order to increase soil temperature and 
induce drought. Seedling emergence was evaluated on the 
3rd and 7th days after seeding, and plants surviving the 
stress were counted on the 15th day after seeding. 

Proline Accumulation and Stress Tolerance 

Proline is known to accumulate in plant tissues when they 
are exposed to drought and temperature stresses. These 
studies were a continuation of previous research (INTSOR-
MIL Annual Reports 1988-1991) on proline accumulation. 
Plants were grown in growth chambers with full nutrient 
solutions, and at about 4 weeks of age, drought stress was 
slowly imposed over a period of about a week by adding 
increments of polyethylene glycol (PEG-8000) which de-
creased the osmotic potential of the solutions to -3.0 bars. 
After 7 days of stress, plants were harvested, the tissues 
divided into leaves, stems, and roots and immediately fro
zen. Proline concentrations were then determined by the 
method previously described (INTSORMIL Annual Report, 
1988). 

Heat and desiccation tolerance tests were performed on 
leaf disks taken from extra plants grown together in the same 
media with those grown for the proline studies. They were 
sampled for stress testing the day after the plants were 
harvested for proline determinations. The conductivity 
method was used for evaluation of stress tolerance as pre- 
viously described by Sullivan and Ross (1979, Stress Physi-
ology in Crop Plants, Wiley lnterscience, pp. 263-281.). 

Research Findings 

Role of Abscisic Acid 

We previously found that seedlings grown from seed 
pre-treated with ABA generally had greater drought toler-
ance than controls grown from seed pre-treated with water 
only. Also, seed produced at Bema, Mali generally had 
greater survival when drought and high temperature stressed 
than plants grown from seed produced at Cinzana, Mali 
(INTSORMIL Annual Report, 1988). This suggested to us 
that perhaps ABA was synthesized and stored in higher 

quantities in seed produced in the more stressful conditions 
of Bema. Bema is in a sub-Saharan drought and high tem
perature prone area of northern Mali and Cinzana is in an 
east-central region where stress occurs, but not as severe as 
in the Bema region. 

Unexpectedly, when free ABA was determined in seed 
obtained from the two locations, there were no significant 
differences between any of the ten genotypes, nor were there 
any differences between the environments. However, when 
the conjugated-ABA was determined on four of the geno
types, the seed produced at Bema had on average 2.7 times 
more conjugated-ABA than those produced atCinzana, with 
the exception of Gadiaba, as shown in Table 1.The meth
odology gave high CV values even among the standards, 
and because 	of these high CV's, there were no significant 
differences 	between genotypes, although when the means 
over all genotypes were compared the difference between 
locations was significant. 

Table 1. 	 Conjugated-ABA concentrations in sor
ghum seeds produced at Bema and Cinzana, 
Mali. 

Conjugatcd-ABA pgdw) 
Genotype 	 Cinzana Bema 
CSM 219 309 1172
 
CSM 228 572 3293
 
Gadiaba 604 171
 
Malisor-7 847 1673
 
Means 583 b* 1577 a*
 
C.V. (%) 

121.2
 

Mew significantly diffrcnt at P< 0.05.
 

This supports the hypothesis that seed produced in a 
drought stressed environment accumulates greater quanti
ties of ABA than seed produced in a less stressful environ
ment. While it was not determined in these experiments, it 
was further hypothesized that the conjugated-ABA is con
verted to the free form dring early germination. 

Seedling Stress Resistance 

In Mali, stand establishment is an important factor in 
determining sorghum and millet yields. The stand is very 
much dependent on seed germination and ability of seed
lings to tolerate subsequent high temperatures and drought 
stress. 

Seed from several sorghum genotypes selected from the 
crossing program at the Samanko Research Station and 
some introductions were tested for drought and high tem
perature resistance in the se"-dling stage when grown at 
Cinzana. The results of this experiment are shown in Table 
2. None of the lines selected from the crosses had superior 
seedling stress resistance, although, line SK-F4-378-2PL 
had the highest percent emergence at three days after seed
ing. The varety C5NM 228, which is considered to be stress 
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Table 2. 	 Emergence and survival of seedlings grown accumulation is the result of plants being stresscd, with no 
from seed produced at Samanko when beneficial effect. 
drought and high temperature stressed at 
Cinzana. Our results, shown in Table 3 and obtained under con

%Emerged % Emerged %Surviving trolled environmental conditions, indicate clearly that there 
Vareties in 3 days in 7 days 15th day are significant differences between genotypes in quantities 
89-SK-F4-534PL 45 80 20 of proline accumulating, although the plants were stressed 
89.SK-F4-53-2PL 55 so 25 at the same level. The greatest differences occurred in the 
89-SK-F4-53-3PL 55 70 20 leaves and stems. There were no significant differences in 
89-5K-F4-184-IPL 35 60 15 accumulation among the roots, although there was a marked 
89-SK-F4-184-2PL 35 65 20 increase in root proline when plants were stressed. 
89-SK-F4-192-1PL 55 65 25 

89-SK-F4-192-2PL 50 60 10 The Malian locals CSM 228 and CSM 219 accumulated 
89-S K-F4-201-2PL 50 65 15
89-SK-F4-205-IPL 35 significantly higher quantities of proline in their leaves and 
89-SK-F4-349-2PL 55 6520 stems than did the U.S. genotypes 121-18-2 and Redlan. 
89-SK-F4-349-3PL 55 75 30 

When tested for heat and desiccation tolerance (Table 4),
89-SK-F4-350-2PL 45 65 25 

50 	 80 15 it was found that the Malian sorghums had significantly89-SK-F4-352-2PL 

89-SK-F4-375-IPL 45 60 15 greater stress tolerance (less injury to the imposed stresses)
 

75 	 90 25 than the U.S. sorghums.89-SK-F4-378-2PL 

89-SK-F4-397-2PL 55 65 30 
These results indicate that the accumulation of proline is89-S K-F4-403-IPL 50 70 05 

89-SK-F4-403-2PL 45 60 10 a stress tolerance mechanism that has evolved in the West 
89-SK-F4-37-2PL 45 75 20 African sorghums. 
89-SK-F4-61-IPL 55 75 35 

89-SK-F4-185-3PL 25 55 05 Table 4. Levels of heat and desiccation tolerance of 
89-CZ-F4-185-4PL 55 75 30 U.S. and Malian sorghums. 
MALISOR 84-1 50 2565 	 Stress 

Desiccation 

CSM 388 65 75 55 (,%Injury) 

CE-90 60 85 40 121-18-2 65 b* 85 b* 

ICSV 1079 65 85 50 Redlaa 79 b 90 b 

S-34 20 30 10 CSM 228 22 a 51 a 
13 a 56 a 

MALISOR 84-7 65 80 30 	 Heat I 

CSIM228 	 65 85 60 CSM 219 

C.V. (%) 29.8 17.1 61.0 
"Values not followed by the same letter in a colun are significantly different at 

P< 0.05. 

resistant, again had the highest survival when stressed, along 
with CSM 388, CE-90, and ICSV 1079. 

Proline Accumulation and Stress Tolerance Networking Activities 

We previously reported that proline accumulation dif- Research InvestigatorExchanges 
fered significantly among genotypes in both field and con
(rolled environment grown plants (INTSORMIL Annual The Malian INTSORMIL Coordinator and principal sci-
Reports, 1988, 1990, 1991). However, no relaticnship was entist visited collaborating scientists and their facilities in 
shown between proline accumulation and measured stress Nebraska. 
tolerance. Some researchers have suggested that proline 

Table 3. 	 Proline content of leaves, stems and roots of U.S. and Malian sorghums. 
Proline 

Leaves Stems Roots 

Genotype Cont. Stress Cont. Strss ConL Stress 

121-18-2 250 a* 2774 b 349 a 1904 b 419 a 1335 a 

Redlan 432 a 2336 b 313 a 2277 b 383 a 1055 a 

CSM 228 297 a 6219 a 434 a 3923 a 252 a 1016 a 

CSM 219 366 a 4057 a 515 a 3720 a 434 a 1277 a 

*Valuesnot followed by the same letter inacolumn are significantly different at P< 0.05. 
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Germplasm and Research Information Exchange 

Discussions were held with the collaborators on project
research, results, and activities, and assistance given in the 
purchase of research equipment and supplies. 

Training Output 

The P.I. served as advisoi for two M.S. students from 
Mali, Mr. Bekaye Coulibaly and Mr. Siriba Dione. Both 
studied in agronomy/crop physiology at the University of 
Nebraska. Publications and Presentations 

Publications 

Sullivan, C. Y. 1991. Mechanisms of drought and high temperature resis
tance in sorghums and pearl millet relative to sustainable production 
systems. INTSORM!L Annual Report, Lincoln, NE. pp. 81-84. 

Coulibaly, Sidi Bekaye. 1991. Physiological characteristics of sorgiums 
[Sorghum bicolor (L.) Moench] related to drought resistance. M.S. 
Thesis (September), University of Nebraska, Lincoln. 158 pp.

[hone, Siriba. 1991. Influences of abscisic acid on sorghum growth and 
stress resistance. M.S. Thesis (October), University of Nebraska, Lin
coln. 79 pp. 

Al-Karaki, G. N., R. B. Clark, and C. Y. Sullivan. 1991. Effects of water 
stress and phosphorus nutrition on growth, plant water relations, and 
proline accumulation in beans. p. 122, Agron. Abstracts, Am. Soc. 
Agron., Madison, WI. 

Clark, R. B., G. N. AI-Karaki, and C. Y. Sullivan. 1991. Genotypic 
responses in sorghum to drought stress and phosphorus nutrition. p. 124, 
Agron. Abstracts, Am. Soc. Agron., Madison, WI. 

Sullivan, C. Y. and A. R. Lansac. 1992. Sorghum pollen germination and 
viability. p. 42, Abstracts First Int. Crop Sci. Congress, 14-22 July, 
Ames, Iowa. 

Sullivan, C. Y. and A. R. Lansac. 1992. Sorghum pollen germination and 
viability. Poster. SICNA Summer Sorghum Field Tour, September 10, 
Lincoln, NE. 

Zaifnejad, M., R. B. Clark, and C. Y. Sullivan. 1992. Growth relationships
of water deficit and aluminum toxicity in sorghum. p. 134, Agron.
Abstracts, Am. Soc. Agron., Minneapolis, MN. 
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Pearl Millet Germplasm Enhancement 
for Semiarid Regions 

Project KSU-101
 
W. D. Stegmeier
 

Kansas State University
 

Principal Investigators 

Mr. William D. Stegmeier, Millet Breeder, Fort Hays Branch Experiment Station, Kansas State University, 
1232 240th Avenue, Hays, KS 67601. 

Dr. T. Harvey, Entomologist, Fort Hays Branch Experiment Station, Kansas State University, 1232 240th 
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Drs. C.T. Hash, and K.N. Rai, Millet Breeders, ICRISAT Center, ICRISAT Patancheru PO, Andhra Pradesh 
502 324, Hyderabad, India. 

Dr. S.C. Gupta, Principal Millet Breeder, SADCC/ICRISAT Southern Africa Regional Sorghum/Millet 
Research Program, P.O. 776 Bulawayo, Zimbabwe. 

Dr. Anand Kumar, Principal Millet Breeder, ICRISAT, West Africa Sahelian Center, BP 12404, Niamey, Niger. 
Dr. Oumar Niangado, Millet Breeder, SRCVO, IER, Cinzana Experiment Station, Cinzana, Mali. 
Mr. Karim Traore, Sorghum/Millet Breeder, Plant Breeding Section, SRCVO, IER BP 438 Sotuba, Bamako, 

Mali. 
Dr. R.L. Vanderlip, Agronomist, Department of Agronomy, Kansas State University, Manhattan, KS 66506. 
Mr. D.J. Andrews, Sorghum/Millet Breeder, Department of Agronomy, University of Nebraska, Lincoln, NE 

68583-0910. 
Drs. W.W. Hanna and G.W. Burton, Pearl Millet Geneticists, USDA/ARS, Coastal Plain Experiment Station, 

P.O. Box 748, Tifton, GA. 

Summary 

The primary objective of this project is to develop pearl 
millet materials possessing agronomic, yield, and quality 
characteristics that address production constraints common 
to both LDC's and the U.S. Central Great Plains. 

Following drought stress evaluation of S, lines of five 
Malian cultivars in Kansas, remnant seeds of 23 lines with 
drought tolerance scores ranging from poor to good were 
returned to Mali for evaluation. Seeds of several hybrids and 
F2 progenies from crosses ofelite KSU lines and the Malian 
materials will be sent to Mali for screening in 1993. 

Evaluation and advancement of 3500 F3, S2, and ad-
vanced inbred lines continued with drought stress through-
out the growing season providing an opportunity to evaluate 
all materials for drought tolerance, crown lodging associ-
ated with stalk-rot diseases and peduncle lodging. Resis-
tance to peduncle lodging obtained from IP 2789 appears to 
be inherited as a partial dominant and is being transferred to 
elite inbred lines. Many of the yellow-seeded segregates 
from crosses of KSU and 29 ICRISAT/Zimbabwe yellow
seed lines maintained a bright, vitreous appearance under 
grain weathering conditions. 

Male sterilization, by backerossing into the A1 and A4 
cytoplasmic-genic systems, was continued with 259 A/B 

pairs. A group of 140 A-lines were tested in hybrid combi
nations with two fertility-restorer lines. Population im
provement by recurrent selection was continued within eight 
populations. Glyphosate (Roundup) is being used success
fully in the conversion of two normal height populations to 
dwarf plant heights. Two bristled populations, HMPBR and 
its dwarf subpopulations, had no seed loss while nonbristled 
populations were severely damaged by large bird popula
tions. Comparisons of the normal height population and the 
d2 dwarf population of 185642 indicate tillering and seed 
sizes are similar but head lengths of the dwarf population 
are 13 mm shorter. The dwarf 185642 is receiving further 
improvemer, for grain yield potential with the RRPS 
method in collaboration with Dr. G. Burton. Following three 
cycles of mass selection for emergence capability, from 
planting depths of 75 to 85 mm, most of the short mesocotyl 
and poorly emerging genotypes of population LMSE have 
been eliminated. Emergence of LMSE from a 50 mm plant
ing depth was two days earlier than the average emergence 
of unselected long mesocotyl F3 inbred lines. 
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Objectives, Production and Utilization Constraints 

Objectives 

To develop widely adapted, early-maturing pearl millet 
populations, lines, germplasms, and hybrids with: a) im-
proved drought tolerance, seed size and density, seedling 
stand establishment characteristics, lodging resistance, and 
grain yields; b) insect, disease, lird, and striga resistance; 
and c) acceptable food quality cliaracteristics. 

To select and evaluate materials developed in this pro-
gram under a wide range of environments in developing 
countries, 

Constraints 

Numerous constraints to successful pearl millet produc-
tion exist throughout the dry tropics. Each constraint varies 
in importance and/or severity in the different ecogeographic 
zones addressed by INTSORMIL and in the ease and degree 
of success by which plant breeding efforts influence it. 
Drought and heat stress are the primary constraints in much 
of the dry tropics since millet is grown in areas receiving 
limited amounts and erratic patterns of precipitaticn. 
Drought and heat stress are involved with poor seediing 
establishment when associated with factors such as reduced 
speed and vigor of germination and seedling elongation, 
shallow planting depths, elevated soil temperatures, and 
rapid surface soil drying that interrupts germination. Seed 
and seedling characteristics are also involved in the capabil-
ity of a seedling to penetrate and emerge through crusted 
soils. The need for adequate levels of resistance or tolerance 
to several insects and diseases such as downy mildew, smut, 
and rust, and diseases affecting stalk and grain quality is a 
continuing constraint, as many of these organisms readily 
mutate to forms that overcome plant resstance. Bird depre-
dation is a common occurrence and the incidence of Striga 
is becoming more severe as fields remain in cultivation for 
Ion ger periods of time between periods of fallow. Several 
constraints and problems are associated with the use of tie 
crop, ranging from stalk characteristics needed for construc-
tion and forage to the apparent food quality of the grain in 
regard to nutritional value, ease ofprocessing,and consumer 
acceptability. 

Research Approach and Project Output 

Research Methods 

Standard breeding procedures for open-pollinated crops 
are used. The pedigree breeding method is used for early 
development of nearly all materials entering the program, 
the advancement of elite lines, and lines extracted from 
populations indergoing recurrent selection. Mass selection, 
gridded mas- selection, S1 progeny performance testing, 
and recurrent restricted phenotypic selection (RRPS) meth-
ods are used in population improvement. Screening and 
evaluation is conducted at several U.S. .,nd LDC locations. 

New sources of breeding materials and materials for 
collaborative work are obtained each year as landraces, 
improved cultivars, F1 hybrids, inbred lines, and germplasm 
sources of desired genetic traiLs. As these materials pass 
through the quarantine greenhouse, seed is obtained from 
random-mated plants (within the line), self-pollinated 
plants of each line, and from crosses involving elite Kansas 
materials as seed parents. As part of the collaborative work 
with Malian millet breeders, a study will determine if it is 
feasible to select within groups of SIlines of Malian intro
ductions for root systems capable of penetrating the B 
horizon of the silty clay loam soils found in western Kansas. 
These soils are characterized by a firm, hard, silty clay B 
horizon that contains an average clay content of 45 to 52% 
in the B2t horizon. Many of the accessions entering the 
program appear to have varying degrees of reduced drought 
tolerance when planted on these soils, apparently bu-ause 
of difficulty establishing root systems that will penetrate the 
B horizon, explore the soil profile, and extract stored soil 
moisture deep in the profile. Selection for improved 
plant:soil relationships or the ability to penetrate these sub
soilsis possible within nmany ofthe accessions when planted 
on these soils. This relationship, as a forn of drought 
tolerance, appears to be effective on several other soil types. 
Differences between lines appear as variations in total 
biomass production and date of onset of leaf rolling under 
stress conditions. Aprimary concern regarding selection for 
drought tolerance in the absence of downy mildew disease 
pressure is that reduced levels of resistance to downy mil
dew occur if selection extends beyond the SIor F2 genera
tions. Selection for this type of drought tolerance will be 
limited to testing S1 lines in Kansas and returning remnant 
seeds of superior SI's to Mali for evaluation and recombi
nation under Malian growing conditions. 

Seed and seedling characteristics affecting stand estab
lishment are studied and evahated under laboratory, green
house, and field conditions. Materials selected for long 
mesocotyl and seedling lengths are plajnted 100 mm deep in 
greenhouse soil beds to obtain initial germination and emer
gence indices, seedling vigor scores, and plant weights. 
Field tests are conducted on raised beds to minimize damp
ing-off disease problems associated with water-logged soils 
and standing rain water. Seeds of materials placed in field 
screening tests are planted at depths of 75 or 100 mm to 
identify lines possessing superior emergence charac
teristics. 

Research Results 

Emphasis is being placed on developing a population of 
breeding materials, elite inbred lines, and gcetically broad 
based populations useful to collaborators in LDC's and in 
U.S. agriculture. This is a continuing activity with imported 
accessions entering the program each year to increase the 
genetic diversity within the program. Progress, as measured 
by increases in yield potential, agronomic fitness, and adapt
ability to a wider range of environments, is enhanced with 
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new accessions that have received breeding inputs in the 
cooperating program. 

Accessions 

Eleven Malian millet cultivars and thirteen synthetic 
lines were grown ;- 41ha 1991 and 1992 quarantine green-
houses, respectively. Total numbers of 57 and 112 hybrids 
were obtained daring quarantine from crosses of elite KSU-
101 lines used as seed parents and the Mali materials. 
Several of the improved Malian cultivars, such as Boboni 
Local, NKK, M2D2, M9D3, ajid their F] hybrids involving
KSU lines are photoperiod sensitive and fail to flower at 390 
N latitude when grown in the field. Segregation within F2 
families obtained from Fl's grown in the greenhouse has 
given a low frequency of early-maturing plants, but late-ma-
turing segregates are very vigorous. Malian lines with Souna 
parentage, such as Souna/Sanio and Souna/Togo, flower in 
65 to 75 days under field conditions and their F2 families 
have produced several hundred excellent segregates. Grain 
yield potentials and harvest ind'ices of these hybrids are very 
good. The Malian lines, GR-P 1,PN4, and the variety Magna
Nara, failed to flower but in F, combinations the early 
maturity of the KSU seed parents was dominant with anthe-
sis occurring in 60 to 75 days. Several of the best hybrids
and their F2 progenies are being returned to Mali. 

Moderate drought stress occurred throughout the 1991 
growing season. Only 157 mm of rainfall was received 
during this period, 52% of normal, forcing the plants to 
develop root systems capable of extracting stored subsoil 
moisture which extended to depths of 1.2 m or more in the 
soil profile. It is estimated that the subsoils contained 180 to 
210 mm of stored moisture at the time ofplanting. S1 lines 
of five Malian cultivars showed very pronounced differ-
ences in their ability to penetrate the soil profile and ex .:act 
stored subsoil moisture. Differences in plant height, tiller 
development and amounts of foliage were apparent through-
out the season. During periods of hot weather, differences 
in time of onset and degree of changes in e-,af coloration and 
leaf rolling were readily observed within and between varic-
tal groups ofSI lines. Harvesting to determine total biomass 
production was interrupted by a severe fall snow storm and 
could not be completed. Remnant seeds of 23 S, lines with 
drought tolerance scores ranging f-om poor to good were 
returned to Mali to determine if similar responses occur 
under Malian growing conditions. It is anticipated that, if 
the drought tolerance responses obtained in Mali are similar 
to the Kansas results, this method of selection would not 
only improve drought tolerance of these materials but it 
could possibly widen ranges of adaptation as a result of 
selecting in different environments and latitudes. Limiting 
selection in Kansas to the S, generation, in the absences of 
downy mildew, should have no effect on levels of resistance 
in the lines returned to Mali. 

Pedigree Breeding 

Inbred line development continued with selection within 
3500 F3, S2, and advanced generation lines derived from 
both the pedigree breeding and population improvement 
programs. Drought conditions throughout the growing sea
son provided an opporunity to screen all materials for 
reduced levels of stalk rot diseases, cro, n lodging, and 
lodging caused by breaking ofculms in upper intemodes and 
peduncles. Nearly all of the crown lodged plants examined 
appeared to have stalk rotting organisms associated with the 
break, above average grain yield potential, and premature
loss ofgreen coloration from drought stress. Lodging caused 
by breaking of the peduncle is also associated with high 
yield potential and drought stress but occurs at or after 
physiologica maturity. At the time peduncle lodging 'rc
curs, the parenchyma tissues of the culm do not appear to be 
infected with any stalk rot organisms but the tissues are 
shriveled and detached from the rind of the peduncle. 

Lodging was particularly severe in materials being se
lected for brown mid-rib, a character associated with re
duced plant lignin content nd increased digestibility. Two 
sources of brown mid-rib are being used; the Purdue bmr 
and 90C-77066, a SADCC line received from Dr. A. Kumar. 
Lodging was characterized as a complete collapse of the 
plant with culms breaking at both nodal and internodal sites. 
It was not unusual for a culm to have breakage occurring at 
two or more places. This type of lodging occurred at an 
earlier date than either crown or peduncle lodging, often 
with 100 percent lodging before the plants were physiologi
cally mature. This lodging occurred with equal severity, 
within materials ranging from F2 to advanced selections, 
receiving the third backcross into the A, male-sterile cyto
plasm. 

Several sources of lodging resistance are being used in 
crosses to improve culm strength of elite materials. Inbred 
lines with IP2789 parentage have the most effective lodging
resistance and are being used extensively in crosses to 
reduce lodging of elite materials. IP2789 originated in Mau
ritania and was obtained from the ICRISAT Center 
germplasm collection. It has a low grain yield potential 
because of its early maturity and small club-type panicles, 
i.e., short, large diameter heads. The first sets ol lodging
resistant progenies selected from crosses involving IP2789 
were low yielding and predominantly club-headed. The 
latest cycle of crosses and backcrosses have produced togo
and club-headed types having similar numbers of seeds per 
head and improved yield potentials. 

A severe blizzard in early November deposited 60 to 90 
cm of snow in all plot areas and caused lodging of 80 to 100 
percent of most materials in the program. Lodging scores 
recorded in December, approximately 90 days after physi
ological maturity (DAPM), identified about 80 lines ranging
from F3 to F8 that had only 2 to 15 percent lodging. Most of 
these lines eventually lodged during the winter months but 
line 918264 had 60 percent of its culms standing on April 
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28, approximately 220 DAPM. Several of these lines had 
been crossed to lodging-susceptible A-lines. Lodging scores 
of the hybrids were intermediate to parental readings, rang-
ing from 30 to 60 percent at 90 DAPM, indicating incom-
plete dominance of this character. Fertility restoration of the 
A, cytoplasm was variable with none of these hybrids 
showing either complete male-fertility or male-sterility. It 
is expected that fertility/sterility responses and grain yield 
potentials will improve as the next group of F2 to F4 proge-
nies are advanced. These materials are derived primarily 
from backcrosses and the third cycle of crosses involving 
advanced lodging resistant inbred lines and elite B- and 
R-lines. 

In previous years, a low priority had been given to 
selection and development of materials based only on seed 
coat color. Partly by chance, but primarily because our best 
source of maintainer lines had a gene frequency for light 
yellow to yellow seed color of .2 to .3, the population of 
cytoplasmic male-sterile and maintainer lines in this pro-
gram includes a relatively high proportion of yellow-seeded 
lines. The development of male-fertility restorer lines was 
based on a wider array of materials with most of these 
materials having seed coat pigmentation ranging from gray 
to blue. The flavinoid pigments producing these colors 
apparently have an influence on the response of the seed coat 
to weathering. In the course of selecting for agronomic 
performance, seed quality and seed weathering resistance 
within possible restorer lines, fewer than 20 white/yellow-
seeded advanced inbred lines have survived screening and 
remain in the program. To date, none of these lines have 
complete or sufficient male-fertility restoiation in hybrid 
combination with the A, cytoplasm to permit isolated field 
production of white or yellow-colored grain suitable for use 
in Milri-type food formulation studies by TAM- 126 person-
nel. 

Moderate levels of grain weathering were observed 
throughout the program materials in 1991. At approximately 
90 DAPM, obsccvations indicated that a considerable num-
ber of yellow-seeded F2 and F3 progenies from crosses of 
elite KSU lines and 29 yellow ICRISATfZimbabwe acces-
sion had maintained bright yellow seed coats with vitreous, 
tramlucent seed characteristics. More than 20 of these ac-
cessions had one to four successful crosses to elite R-lines, 
so a relatively high probability exists that effective yellow-
seeded restorer lines can be developed from these progenies. 

Male sterilization by backcrossing in the A, and A4 
systems was continued within 259 A/B pairs. Another group 
of 140 A-lines, including 2 A4 lines, were tested in hybrid 
combinations with two tester R-lines. Nearly all of the lines 
presently in the sterilization program are derived from 
crosses involving advanced KSU and ICRISAT materials 
that have received previous breeding attention. Few B-lines 
selected from initial crosses, involving landrace and village 
varietal materials, are sufficiently adaptive and prc.ductive 
to survive screening, but their value as sourc,;s of diversity 
increases following additional crossing and backcrossing to 

elite KSU lines. Seventeen elite A/B pairs derived from 
KSU/ICRISAT crosses were sent to ICRISAT Center, Hy
derabad for another c:ycle of selection and crossing. Test 
cross hybrids of these A-lines equaled or exceeded the 
performance of 79-206F hybrids in drought tolerance, lodg
ing resistance, and grain yield. 

Evaluation of inbred lines for grain yield performance in 
hybrid combinations could not be completed this year. Only 
25 percent of the yield plots were harvested prior to the 
occurrence of severe storms in late Octoi-r-early Novem
ber.Becauseof several weeks of contactbetween thelodged 
heads and snow and wet soil surface, threshing and seed 
separation was extremely variable resulting in nonsignifi
cant differences in yield. Advancement of early gene'ation 
parental lines was based primarily on agronomic scores, 
male-fertility restoration, and drought stress ratings of their 
F1 hybrids. 

Population Improvement 

Population improvement using mass selection and S, 
progeny testing recurrent selection methods was continued 
within eight populations. Three normal height populations 
are advanced using mass selection. HMPBR, a bristled 
population, has a predominately normal height phenotype 
but also possess d, and d2 dwarfing genes. A dwarf bristled 
subpopulation is being extracted from the original popula
tion using glyphosate (Roundup) to destroy normal height 
plants prior to anthesis using a wick applicator. At present, 
the population has an approximate ratio of 25% d1: 75% d2 
height genes. The dwarf BR population is grown with iso
lation distances of 0.5 to 0.8 km from several isolated, 
non-bristled millet plantings and 2 km from the normal 
height T{MPBR. Severe bird depredation by an early migrat
ing flock of blackbirds occurmA in all of the non-bristled 
plantings, but no apparent seed loss was found in the bristled 
populations. 

The normal height population 185642 has been used 
extensively as a parental germplasm source of large-seeded, 
early-maturing maintainer lines in the A, cytoplasmic male
sterility system. Using glyphosate this population has been 
converted to a d2 dwarf height population in three cycles of 
treatment. Reduction in intemode elongation of some of the 
normal height plants because of drought stress during two 
cycles permitted the continued presence of normal height 
plants at low frequencies. Preliminary -omparisons indicate 
the two populations have equal numx .sof tillers per plant, 
similar seed size distributions, and head lengths of the d2 
population are 13 mm shorter than the original population. 
Plant height ranges are 0.9 to 1.2 min the d2 population and 
1.9 to 2.4 m in the normal height population. 

In collaboration with Dr. Glenn Burton, the dwarf 
185642 population has been placed in Dr.Brurton's recurrent 
restrictive phenotypic selection (RRPS) population im
provement method to determine if RRPS can, effectively, 
be used to improve pearl millet grain yield potential. Secon
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dary objectives of this effort are to reduce the incidence of 
lodging and maintain large seed size in the population. 
Progenies are generated in the winter greenhouse at Tifton,
Georgia, followed by ppogeny evaluation under field condi-
tions at Fort Hays. Preliminary results indicate plant height 
must receive consideration and control in the selection proc-
ess to avoid moving average population heights to the tall
end of the d2 height range in response to selection for 
increased grain yield. Height modif-ling genes are present 
in this population that increase d2 plant height 20 cm to 
heights of 100 to 120 cm in dry environments and to heights
of 160 or 170 cm with irrigation or above normal rainfall. 
These modifiers can be desirable in intcrcropping situations 
but excessive height limits the taller plants usefulness for
mechanized production under good moisture conditions. 

The development of population LMSE for improved
characteristics affecting stand establishment continues to 
show promise. Three cycles of selection pressure using 
uniform planting depths of 75 to 85 mm has eliminated 
much of the short mesocotyl length portion of the population 
and long mesocotyl seedlings unable to emerge through the 
soil overburd-n. Selective thinning of the stand fr;lowing
eiergence has increased the proportion of vigorous seed-
lings displaying rapid plant development and leaf expan-
sion. When planted as a check in a trial evaluating 
emergence indices of long mesocotyl F3 lines from a plan:.
ing depth of 50 mm, the LMSE had 90 percent emergence 
at 5.7 days after planting (DAP) compared to the test mean 
of 7.6 days. Moderate soil crusting resulted from rains 
received 3 DAP. F3 lines with rapid mesocotyl elongation
and the LMSE check completed emergence before the crust 
hardened, but late emerging lines had reduced seedling 
counts. Testing of topcross hybrids involving these popula
tions could not be completed because ofsevere storm dam-
age. 

Present planter configuratio and capability gives uni-
form placement of seed to soil depths of 75-85 mm with 
normal soil compression by the packer wheels. Planned 
modifications of the planter are expected to permit planting 
to uniform depths of 100 or 120 mm to obtain increased 

selection pressure for improved stand establishment poten-

tial. 


Networking Activities 

Workshops 

July 8-12, 1991. Participated in the INTSORMIL CRSP 
conference at Corpus Christi, Texas. A field planting of 
KSU-101 pearl millet materials was included in the field 
tour. 

Research Investigator Exchanges 

Travel to Mali, September 14-27, 1991 to review collabo-
rative research with IER personnel and plan 1992 research 
activities. 

Dr. J.D. Axtell, Sorghum Geneticist, Department of 
Agronomy, Purdue University, West Lafayette, IN 47907. 

Dr. L.W. Rooney, Cereal Chemist, Department of Soil 
and Crop Sciences, Texas A&M University, College Sta
tion, TX 77843. 

Mr. Shankar Podduturi, Pearl Millet Breeder, Pioneer 
Hi-Bred Intemaional, Inc. Box 1506, Plainview, TX. 

Dr. J.W. Maranville, Sorghum/Millet Physiologist, De
partment of Agronomy, University of Nebraska, Lincoln, 
NE. 

Dr.P. Bramel-Cox, Sorghum Breeder, Kansas State Uni
versity, Manhattan, KS 66506. 

Dr. L. CLiflin, Plant Pathologist, Department of Plant 
Pathology, Kansas State University, Manhattan, KS 66506. 

Dr. D. Seifers, Plant Pathologist, Fort Hays Experiment 
Station, Kansas State University, Hays, KS 67601. 

Dr. C. Klopfenstein, Cereal Chemist, Department of 
Grain Science and Industry, Kansas State University, Kan
sas State University, Manihattan, KS 66506. 

Germplasm Conservation and Exchange 

Thirteen accessions were received from Mali, and 798 
accessions are in storage. Three inbred lines, 24 F1 hybrids
and 12 F2 families from crosses of KSU-101 and UNL- 118 
inbred lines were received frorm UNL-1 18. 

Sixty lines and populations were sent to ICRISAT Cen
ter, India, 38 to ICRISATSahelian Center, Niger, 23 to IER, 
Mali, and ten to Belize. Domestically, five items were sent 
to I1NL- 118, two to UNL-114, one to PRF-103, one to 
Tiftan, GA, and five to Pioneer Hybrid International, Inc. 
Approximately 15 seed lots ranging in weight from 0.2 to 5 
kg were sent to non-INTSORMIIL universities for use in 
agronomic studies and as instructional materials in crop
science classes. About 800 kg of millet grain was given to 
University ofNebraska personnel for poultry feeding trials. 

Seed Production 

Variable results in seed production, and particularly seed 
quality, were obtained because of a September 19 frost that
occurred 3-4 weeks earlier than normal. Damage to isolated 
seed increase blocks planted on low-lying alluvial sites 
ranged from complete locs to reduction of germination 
percentages to a range of 10 to 30 percent. As a result, the 
planned relcase of two A/B pairs and two R-ines will be 
delayed until 1993. Small-scale increase of seven A/B pairs
being considered for release failed to produce seed with 
acceptable germination and vigor. 
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Impact 

The cytoplasmic-genic male-sterile line 79-2068A con
tinues to be used extensively as a seed parent of hybrids 
grown in Northwest India avd its maintainer is used by both 
IC,'RISAT and Indian national breeding programs asa soarce 
of enrly-maturity, large seed size, and drought and lodging 
resistance. Hybrid HHB 67 (2068A X 1477/833-2) released 
by the Haryana Agricultural University (HAU) Hisar, Hary
ana, is typical of hybrids produced with this seed parent. It 
matures in 60 to 62 days compared to 74 to 80 day maturity 
requirements of older hybrids HHB 50 and HHB 60. The 
short growth duration permits a wider range of planting 
dates giving increased flexibility for use in sequential mul
tiple cropping systems and acts as a drought escape rnrcha
nism in years when the monsoon withdraws early. In trials 
conducted over a five year period, I-IHB 67 produced 2837 
kg ha-1 compared to yields of 2944 and 2865 kg La-1 of HHB 
50 and HHB 60 indicating HHB 67 has a high per day grain 
productivity potential. The HAU recently released an im
proved male-ste'ie line and its maintainer derived from a 
cross involving 2068B for hybrid seed producticn in the 
State of Haryana. 

KSU-101 male sterile line 81-1163A is the seed parent 
of two hybrids entered in the All India Coordinated Millet 
Improvement Program trials by ICRISAT Center. This 
white-seeded line is downy mildew resistant and ICRISAT 
tests indicate its combining ability for grain yield equals that 
of 79-2068A. 

Publications and Presentations 

Publications 

Stegmeier, W.D., R.L. Vanderlip, and D.J. Andrews. 1991. The develop
ment of pearl millet as a food and feed grain crop for the Central Great 
Plains. p. 161 IN Agronomy Abstracts. ASA, Madison, WI. 

Andrews, DJ., W.D. Stegmeier. and J.F. Rajewski. 1991. Pearl millet 
development n3 a feed grain for the Great Plains. IN Proc. of the Third 
Annual New Crops Symposium, 7-9 October 1991. Indianapolis, IN. 
In Prebs. 

Presentations 

July 11, 1991. KSU-101 pe:' millet populations, inbred lines, and elite 

hybrids were presented at the INTSORMIL CRSP conference, Corpus 
Christi, Texas. 

August 7, 1991. Presented program background information field tour and 
progress update to aids of the Kansas U.S. Congressional Delegation. 

February 25, '992. Presented an overview of the KSU-101 program and 
progress tj External Review P..el at the University of Nebraska in 
Lincoln. 
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Breeding Sorghum for Tolerance to Infertile Acid Soils 

h aject MSU-104
 
1 ynn M. Gourley
 

Mississippi State University
 

Principal Investigators 

Drs. Lynn M. Gourley, Susana A. Goggi, and Brian S.Baldwin, Department of Agronomy, Mississippi State 
University, Mississippi State, MS 39762 

Collaborating Scientists 

Dr. Manuel Torregroza, Crops Director, ICA, Apartado Aereo 15248, Bogota, Colombia
Dr. Manuel Rosero, Director of Cereal Crops, ICA, Apartado Aereo 6712, Cali, Colombia (Host Country 

Coordinator)
Mr. Luis de Angulo, Vice President Community Affairs, Arauca Project, Occidental de Colombia, Inc.,

Apartado Aereo 092171, Bogota, Colombia 
Dr. Fabio Polania, Technical Director, FENALCE, Apartado Aereo 8694, Bogota, Colombia
Mr. Alfonso Gonzalez, Sorghum Breeder, ICA, La Libertad, Apartado Aereo 2011, Villavicencio, Colombia
Dr. Tunde Obilana, Sorghum Breeder, SADCC/ICRISAT, Southern Africa Regional Sorghum/Millet Research 

Program, P.O. Box 776, Bulawayo, Zimbabwe 
Mr. J.K. Rutto, Deputy Director, Crops, Soil and Water, KARI; and Dr. A.M. Mailu, Associate Director of 

Crops, KARI, P.O. Bo- 57811, Nairobi, Kenya
Mr. B.M. Kanyenji, Sorghum Breeder, Katumani National Dryland Farming Research Center, P.O. Box 340,

Machakos, Kenya (National Sorghum and Millet Coordinator)
Mr. C. Mburu, Sorghum Breeder, and Mr. C.O.A. Oduori, Millet Breeder, Kakamega Regional Research 

Center, P.O. Box 169, Kakamega, Kenya
Dr. Sam Z. Mukuru, Sorghum Breeder, SAFGRAD/ICRISAT, P.O. Box 30786, Nairobi, Kenya
Mr. V.M. Zake, Sorghum Breeder, on study leave at Mississippi State University. Mississippi State. MS
Dr. Guillermo Munoz, Plant Breeder, MS U- 111 PI, International Programs and Department of Agronomy,

Mississinri State Upiversity, CIAT, Apartado Aereo 6" 13, Cali, Colombia
Dr. Henry Pitre, Eatomologist, MSU-105 PI, Department of Entomology, Mississippi State University, 

Mississippi State, MS 
Dr. Jerry Maranville, Plant Nutritionist, UNL-l 18 PI; and Mr. David Andrews, Sorghum and Pearl Millet 

Breeder, UNL-1 18 PI, Department of Agronomy, University of Nebraska, Lincoln, NE 
Dr. John Axtell, Sorghum Breeder, PRF-103 PI; and Dr. Gebisa Ejeta, Sorghum Breeder, PRF-107 PI,

Department of Agronomy, Purdue University, West Lafayette, IN
Mr. William Stegmeier, Pearl Millet Breeder, KSU-101 PI, Kansas State University, Ft. Hays Experiment 

Station, Hays, KS 
Dr. Darrell Rosenow, Sorghum Breeder, TAM-122 P1; and Gary Peterson, Sorghum Breeder, TAM-123

PI, Texas A & M University Agriculture and Research Center, Route 3, Lubbock, TX 
Dr. Fred Miller, Sorghum Breeder, TAM-121 PI, Department of Soil and Crop Sciences, Texas A & M 

University, College Station, TX 

Summary 

Acil soil tolerant sorghum varieties and hybrids devel- Just as certain drought tolerant varieties and hybrids willoped in this project are being evaluated on acid soils or other produce higher yields when irrigated, some of the acid soil
low inp-it environments inColombia, other Latin American tolerant varieties and hybrids will also respond to increased
countri('s, and in Kenya. The germplasm was developed fertilizer applications. The reverse doers not appear to be
specifically for the acid soils of Colombia, however, it has true. Germplasm developed under irrigation or high fertility
been noted that much of this germplasm will also tolerate environments dues not necessarily maintain its yield advan
low fertility levels in nonnid tropical soils. Stress screening tage under moisture or low fertility stress. 
for tropical acid soil tolerance appears to impart tolerance 
to low-input environments. In Kenya and other countries in Africa, sorghum is rele

gated to marginal production areas while high value cash 
crops occupy prime land areas. Due to the low prices paid 
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to farmers for their produce and the high cost of fertilizer, 
even the high value cash crops are receiving little fertilizer, 
Sorghum crops receive almost no fertilizer. Farmers use 
manure, crop rotation, intercropping, relay cropping, fallow, 
and other management techniques instead of fertilizer. The 
acid soil stress tolerant lines and hybrids seem to be able to 
tolerate this treatment better than the highest yielding high-
input hybrids. In subsistence agriculture, stable perform-
ance under low-input production practices ismore important 
than high yields. 

Objectives, Production and Utilization Constraints 

Objectives 

Sc:-en and evaluate sorghum and pearl millet, in the 
laboratory and field, for sources of tolerance to infertile 
soils, low soil phosphorus (P) content and availability, and 
aluminum (A1) and manganese (Mn) toxicities. 

Enhancement ofelite U.S. and LDC sorghum germplasm 
with sources of tolerance to infertile soils, and Al and Mn 
toxicities. 

Train selected U.S. and LDC personnel. 

Constraints 

In tropical countries throughout the world, sorghum and 
pearl millet are generally planted on infertile, marginally 
productive lands. Large areas of highly weathered, leached 
soils make most of these countries the least productive 
agriculturally inthe developing world. Predominantly, these 
soils are very acid, deficient in most macro and micro 
mineral elements and contain toxic levels of soluble Al and 
sometimes Mn. Acid soils are found both in humid and arid 
regions of the tropics. 

This project addresses, through breeding, three major 
production limiting constraints of tropical soils; low-input 
production on infertile soils, phytotoxic levels of Al and Mn, 
and low P availability. In addition to yield, every breeding 
project must strive to maintain disease resistance and grain 
quality as a goal. 

Research Approach and Project Output 

Sorghum Research in Colombia 

A large number of sorghum ines tolerant to acid soil 
constraints have been developed in MSU-104 and MSU-
111. Some of this germplasin has direct use possibilities as 
varieties, some B-lines as hybrid seed parents after the 
development of the male-sterile A-lines, and some R-lines 
as the pollen parents of hybrids. Field and genetic testing is 
required to determine the best lines in each category. 

Three isolation crossing blocks were established :n a 
MSU-104 winter nursery at CIAT, Cali, Colombia. Two 

rows each of 86 acid soil tolerant A-lines were planted in 
each of three crossing blocks. One pollinator was used for 
each crossing block. The R-lines, each with reasonably good 
combining ability, were IA 28, Tx430, and ICA Nataima. 
The males represent three levels of acid soil tolerance with 
IA28 being most tolerant, Tx430 very susceptible, and ICA 
Nataima with an intermediate tolerance level. The two males 
IA 28 and ICA Nataima produce hybrids with a testa and are 
used where bird resistance is required. The male Tx430 will 
produce hybrids which test the genetic tolerance of the 
corresponding A-line. Hybrids with IA 28 and ICA Nataima 
as pollinators would be expected to p-ssess the highest 
degree of acid soil tolerance. 

These crossing blocks will also provide information 
about nick of the female and male and yield of the seed 
parent. This information is important from a commercial 
hybrid seed production standpoint. 

New acid soil tolerant R-lines are crossed onto tester 
A-lines using hand pollination. Limited seed quantities of 
these hybrids are produced until the best combining ability 
males are determined and a crossing block can be estab
lished using the new R-lipe as the pollinator. 

Seed of the hybrids with IA 28 and Tx430 as pollinators 
and with the new R-line hand pollinated crosses will be sent 
to Mississippi for evaluation in the U.S. Hybrids using ICA 
Nataima will be photoperiod sensitive. Seed of all of the 
hybrids will be evaluated in Colombia and Kenya. 

Sorghum and Millet Research in Kenya. 

Grain Sorghum Tolerance to Acid Low Fertility Soils 
in Kenya 

Using plants tolerant to soil acidity is an important com
plementary approach to soil management. In subsistence 
agriculture, stable performance is more important than high 
yields in favorable environments. 

Thirty-four genotypes consisting of six cytoplasmic ge
netic male sterile A-lines, represented by their respective 
maintainer B-lines, as female parents, four restorer R-lines, 
as male parents, and their twenty-four F1 hybrids from a 
North Carolina Mating Design IIwere utilized in this study. 
The materials for this study had not been tested in the area 
before. The genotypes were Tx623, Wheatland, and B-Yel 
PI acid soil susceptible females; (AT1)-52-2-1-2, (AT 2)
10-6-1-1, and (AT 1)-36-4-2-2 acid soil tolerant females; 
Tx43O and Tx432 acid soil susceptible males; IS7254C and 
IA 28 acid soil tolerant males; and Seredo as local cultivar 
check. 

Four sites were selected in Western Province, Kenya and 
one additional site at the Plant Science Research Center at 
Mississippi State University. The sites used in Kenya were 
of low altitude, low fertile acid soils and were situated in an 
area where sorghum is an important crop in the subsistence 
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farming system. Three sites, Buburi, Mumia o, and Ukwala, 
were chosen for low soil pH (<5.2) while the Obambo trial 
site was selected to test performance at low soil pH, but 
above 5.2. With the exception of Buburi trial site, trials were 
conducted on sites located on farmer's fields. 

Trials were grown in 1990 and 1991 during the long rains 
season in Kenya and during the summers of 1990 and 1991 
in Mississippi. The experimental design for each location 
was a randomized complete block with four replicates. In 
Kenya, plots consisted of asingle row 5 m in length and 75 
cm between rows. Pre-emergence herbicides and fertilizers 
were not used. This was done to simulate typical sorghum 
management practices of Westem Kenya. All trials were 
maintained weed free throughout the growing period. 

Several characters were investigated, however, only 
1991 data for days to flower, plant height (cm), grain yield
(kg hal)are presented in this report. Mean performance of 
the crosses and parents at various location sites is shown in 
Table 1.At Buburi, soil erosion at the early growth stage of 
the crop and later bird and midge damage had a devastating 
effect on the performance of the crop. At Mumias, the crop 
was flooded during the early growing period. Data for these 
two locations are omitted from this report. 

Average location means for days to flower indicated 
significant delay in flowering as stress due to acidity in-
creased. Highest plant height was obtained -it MSU in the 
temperate zone. In all traits studied, there was expression of 
heterosis. Not all crosses exhibited heterosis and he mag
nitude differed from location to location. 

At MSU, crosses of Tolerant x Tolerant (TxT) parents 
flowered earlier than the earliest parent, IS 7254C. At 
Obambo, TxT hybrids wcre earlier flowering than female 
parents. Parent, IS7254C, had the lowest number of days to 
flower across sites and was less variable compared to the 
tolerant female parents. At MSU, Obambo and Ukala, 
means for days to flower were lower for Tolerant x Suscep-
tible (TxS) hybrids than for theih respective earlier parents. 
Consistently low means fordays to flower were obtained for 
(AT 1)-52-2-1-2 x Tx432 at each location. Means for days 
to flower in the Susceptible x Tolerant (SxT) group indi
cated that Tx623 x IS 7254C was comparable to its male 
parent at all sites. In the Su;ccptible x Susceptible (SxS) 
category, WheatlandxTx432andB-YelPlxTx432hybrids 
generally flowered earlier than other susceptible parents. 

Male parent, IA 28, generally produced shorter hybrids 
than male parent, IS7254C. In the TxT group, all crosses 
expressed hybrid vigor. Generally, TxS hybrids of male 
parent, Tx430, were shorter than crosses from male parent, 
Tx432. In the SxT group, Wheatland had comparable means 
across locations. Hybrids were taller than their respective 
parents at all sites. In the SxS group, Wheatland x Tx430 
was the shortest across locations, 

Hybrid vigor was expressed for grain yield at MSU, 
Obambo, and Ukala. In the TxT group, it was observeu that 
crosses involving male parent, IA 28, had higher mean 
yields than crosses involving male parent, IS 7254C. In the 
SxT group, Wheatland x IA 28 and B-Yel PI x IA 28 hybrids 
performed better than other crosses across locations. In the 
SxS group, heterotic response was expressed more at 
Obambo and Ukwala than at MSU. 

Divergent Selection for Drought Tolerant Variables in 
Two Pearl Millet Populations. 

Pearl millet is mainly grown in semiarid areas of Kenya. 
Once established, millet is very drought tolerant. Therefore, 
drought escape or avoidance during the seedling stage is one 
of the mechanisms by which pearl millet establishment and 
production can be increased in semiarid Kenya. Selection 
for seedling root length and coleoptile length in pearl millet 
were two selection indices measurod as possible determi
nants of seedling drought avoidance. Tests to determine the 
effects of divergent selection for these two characters in 
pearl millet populations on yield and yield components were 
done under field conditions in Kenya after one cycle of 
phenotypic recurrent selection. 

The amaunt of rain received by the crop at Kiboko and 
Katumani in 1991 during the short rain season was 199.8 
mm distributed over 36 days and 294.6 mm distributed over 
41 days, respectively. This amount of rain was lower than 
average, but was well distributed. 

Mean performances of the SI and EDS populations for 
mature plant characteristics for the tests at Kiboko and 
Katumani in Kenya during 1991 are presented in Table 2. 
Analyses of variance (not shown) indicated significant dif
ferences (P 0.05) for anthesis dates, plhnt height, hundred 
seed weight, and grain weight anierg SI populations at 
Kiboko; and for plant height, and grain weight among S1 
populations at Katumani. No significant differences oc
curred for most traits among EDS populations at both loca
tions. This was expected because laboratory and greenhouse 
tests to evaluate the direct effect of selection among EDS 
populations indicated no significant selection responses. 

Comparisons between parents and their respective selc
tions, as well as, between the corresponding divergent se
lections were made using t tests. Siguificant differences 
(P 0.05) occurred between SI parent and SI-LC-TC 1,and 
between SI-LR-TCI and SI-SR-TCI for anthesis dates at 
Kiboko, but no significant differences occurred at Katu
mani; SI-SR-TCI for plant height at Kiboko, and S!-SR-
TCI at Kalumani; SI-SR-SCI for grain weight at Kitoko 
and S1-LR-SC I at Katumani; and SI-SR-TC 1and SI-LR-
TCI, and SI-SR-SCI for 100 seed weight (grain size) at 
Kiboko and SI-LR-SCI, SI-LR-TCl, and SI-SR-SCI at 
Katumani; and SI-SR-SCI and S1-LC-TCI for harvest 
index at Kiboko. No significant differences occurred be
tween SIdivergent selections at either location, except 
between SI-LC-TC1 and SI-SC-TCI, for anthesis dates, 
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Table 1. Means ofdays to 50% bloom, plant height aad grain yield of35 sorghum genotypes evaluated at Obambo 
and Ukwala, Kenya and Mississippi State University. 

50% Bloom Plant height Grain yield 

Genotype 0 U 
-----days ...... 

MSU 0 U 
cm -----

MSIU 0 U 
kg ha " I . ... 

MSU 

1) IS 7254C 59 70 54 121 120 145 1387 960 853 

2) IA 28 60 78 65 80 75 94 2880 160 1707 

3)T430 75 87 ol 82 76 106 53 80 1227 

4)Tx432 67 77 59 94 95 110 1067 347 1227 

5)Tx623 68 84 57 102 106 142 1040 160 1573 

6) Wheatland 57 72 53 88 80 89 1040 347 1440 

7) B-Yel PI 70 81 52 87 95 104 640 453 1253 

8) (ATI)-52-2 71 81 56 99 99 122 907 453 960 

9) (AT2)-10-6 71 77 57 92 98 124 773 453 1333 

10) (ATI)-36-4 71 87 56 102 92 ;22 1120 160 1227 

11) 5 x1 61 73 52 160 155 188 1893 667 1547 

12) 6 x 1 58 66 51 130 129 166 800 987 1653 

13) 7 x 1 63 74 52 140 140 183 1200 853 1467 

14) 8 x 1 62 72 52 143 154 183 880 800 853 

15) 9x 1 64 72 53 127 160 188 507 347 1680 

16) lOx 1 64 73 52 144 157 185 1093 747 1013 

17) 5 x 2 60 79 61 126 124 154 2533 373 2453 

18) 6 x 2 57 69 53 109 104 123 2320 1120 2107 

19) 7 x 2 64 74 55 101 111 136 2373 1227 2267 

20) 8x 2 65 76 57 116 110 140 3627 720 2453 

21) 9 x 2 63 74 57 111 112 146 1733 1093 2693 

22) 10 x 2 67 77 57 108 126 147 2827 1040 237/3 

23) 5x3 63 78 54 114 106 141 2160 347 1313 

24) 6x3 59 71 52 100 92 119 2000 747 1,113 

25) 7 x 3 64 75 51 106 105 128 1600 720 1413 

26) 8x3 64 75 51 105 109 135 2427 667 1573 

27) 9 x 3 67 74 55 107 114 140 2320 960 2000 

28) 10x3 66 80 52 108 111 138 2240 480 1467 

29) 5x4 63 82 55 126 115 152 3040 160 1627 

30) 6 x 4 58 67 52 101 98 120 1147 613 1467 

31) 7 x 4 58 73 50 129 127 145 2507 693 1120 

32) 8x 4 65 71 51 123 132 143 12PO 773 1707 

33) )x4 62 74 54 122 126 149 1547 640 1947 

34) 10 x 4 65 73 50 131 128 162 1760 507 1893 

35) Seredo 65 70 - 153 139 - 2667 1147 -

Mean 63.6 74.9 54.2 114.3 115.4 140.1 1733 640 1600 

LSD (0.05) 3.9 4.4 1.8 11.9 14.9 10.2 720 293 347 

CV% 4.3 4.1 2.4 7.3 9.0 5.2 29.0 30.9 15.8 

Adapted from disserution of Vincent Makumbi Zake, Grain Sorghum Tolerance to Acid Low Fertility Soils inKenya, Mississippi State University. 

and between S1-SR-SCI and SI-LR-SC1 for 100 seed one cycle of selection for this (root length) highly environ
weight at Kiboko. Few significant differences occurred mentally sensitive trait. The effects may be made more 
among EDS populations at either location, pronounced if the base population has high genetic variabil

ity and if more than one selection cycle is practiced on the 
Though differences between divergent selections were selections. 

not always significant, it was evident that the trend of 
performance of S1 populations, which were selected to- Other Sorghum and Millet Research in Kenya 
wards the long root length and short coleoptile length inboth 
media, was greater than for selections made toward short The accomplishments in Kenya during this year were 
root length and long coleoptile length. It appears that select- many, however, only a few will be listed. Progress was made 
ing for seedling root length and coleoptile length in sand in each of the seven Centers in which research for the 
culture and germination towels could have some effects on sorghum/millet (S/M) program was conducted, more in 
yield and yield components. This seems to occur even after some than in others. The sorghum/millet technical advisor 
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Talle 2. Mean performances of S1 and EDS populations during 1991 at Kiboko and Katumani in Kenya. 
Populations Anthesis date I Plant ht. 100 seed wt. Dry matter wt. Grain wt. Harvest index 

KIB KAT KIB KAT KIB KAT KIB KAT KIB KAT KIB KAT 
(days) (cm) (gn) (gi) (gin) 

SI PARENT 60 69 179 98 0.9 0.6 356 326 93 102 0.25 0.28 
SI-LR-SCI 59 67 195 101 1.0 0.8 394 432 111 177 0.28 0.37 
SI-SR-SCI 54 67 181 106 1.1 0.8 446 407 156 138 0.34 0.32 
SI-LR-TCI 55 65 173 97 1.0 0.8 311 412 100 153 0.32 0.37 
SI-SR-TCI 57 67 158 79 1.1 0.7 336 264 121 86 0.34 0.31 
SI-LC-TCI 54 63 169 89 0.9 0.6 314 284 104 93 0.38 0.32 
S I-S C-TC 1 58 66 189 109 1.0 0.7 364 339 108 115 0.29 0.29 

LSD (0.05) 2.8 7.4 21.0 16.6 0.09 0.13 115.7 127.6 46.5 54.8 0.09 0.93 

EDS PARENT 47 57 83 91 1.1 0.7 182 155 73 80 0.40 0.57 
EDS-LR-SCI 48 58 86 98 1.0 0.8 160 137 58 68 0.36 0.48 
EDS-SR-SCI 49 62 79 82 1.0 0.7 179 135 67 63 0.48 0.45 
EDS-LR-TCI 48 63 85 86 1.0 0.7 205 155 73 67 0.36 0.45 
EDS-SR-TCI 49 57 85 91 1.0 0.7 180 137 67 66 0.39 0.47 
EDS-LC-TCI 48 62 83 86 1.0 0.7 202 139 77 69 0.38 0.50 
EDS-SC-TC1 48 61 87 101 1.1 0.7 189 134 71 63 0.39 0.45 

LSD (0.0 ) 1.6 6.0 6.4 20.1 0.11 ns ns ns 17.8 ns 0.14 0.10 
SI and EDS = population designations, LR and SR= long root and short root length. LC and SC - long coleoptile and short coleoptile ',ngtli. SCI and TCI - sand culture 

cycle one and germination towel cycle one, and ns = not significant.
Adapted from dissertation of Lawrence M'Ragwa, Divergent Selection for Drought Tolerant Variable inTwo Pearl Millet Populations, Mississippi State University. 

feels that more progress will be made in the sorghum/millet Shortcourse by students, NSQCS staff and instructors. 
research program in the next year or two than was made in Thirty-two certificates of completion were given out to 
all of Phase I. He has therefore agreed to extend his assign- commercial and KARl breeders and seed technologists at 
ment to include the first two years of Phase II. the conclusion of the shortcourse. 

The most lcng-lasting accomplishment in the MIAC S/M On November 18-19, 1991, the sorghum/millet technical 
Project undoubtedly will be in KARl's human resource advisor assisted the INTSORMIL Director, Dr. John Yohe, 
development. The sorghum/millet resewach programs do not in meetings with KARl Directors to develop a KARI
have any depth in terms of trained personnel. Many of the INTSORMIL Memorandum of Understanding. Discussions 
M.Sc. degree students have returned to Kenya and are were also held with the MIAC Chief-of-Party, Dr. David 
developing their research programs. All sorghum/millet Daugherty, and the USAID Project Manager, Mr. Jim Dunn. 
progranis will be strengthened when the Ph.D. students 
return with their degrees, provided adequate funding is The sorghum/millet technical advisor works closely 
provided. with the sorghum/millet breeders and agronomists in the 

following four regions of Kenya: 
Another hopeful sign of sustainable progress was the 

planting of a total of 39 F2 sorghum populations at four sites Eastern Kenya - The sorghum breeding site at the Katu
this year. Without development of lines specifically bred for mani sub-Center, Kiboko, is the logical location to spur 
Kenyan conditions, a sustainable sorghum improvement expansion of the sorghum/millet production area into the 
program cannot be achieved. KARl now has complete sor- semiarid regions of Kenya. Collaboration with ICRISAT 
ghum/millet breeding programs in which selected parents and INTSORMIL scientists at this location has assisted the 
produce new lines and varieties, istead of just testing and KARl effort. Katumani breeders wiii prepare tie National 
retesting material from farmer's fields or from nther breed- Performance Trials (NPT's) for their area of responsibility 
ers. and for Embu, Perkerra and Mtwapa Centers. Entries in 

these trials will be mainly white or yellow seed colored types 
The first KARI/MIAC Seed Technology Shortcourse with some bird resistant brown seeded check varieties. 

was conducted at the Lanet National Seed Quality Labora
tory from March 2-20, 1992. It was judged a very successful 
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'3reeding programs in eastern Kenya are well developed 
and conducted. Breeding and evaluation of germplasm are 
difficult in this environment because of low and erratic 
rainfall, distances between test sites and frequent disease 
and insect outbreaks. The sorghum breeding program has 
competent leadership since Ben Kanyenji returned to Kenya 
with his M.Sc. degree. Adequate dryland test sites need to 
be developed at other Centers to evaluate drought tolerant 
germplasm. The pearl millet program is mainly in an evalu
ation mode until Lawrence M'Ragwa returns from the U.S. 
with his Ph.D. degie. 

Western Kenya - Sorghum breeding nurseries at Alupe 
are backed up with germplasm supplied from Kiboko and 
INTSORMIL breeding projects because of the difficulty of 
making hand-pollintions and production of quality seed 
due to the high rainfall and humid conditions. A large 
quantity of germplasm from the TA's INTSORMIL project 
in Colombia was evaluated at Alupe. From these nurseries, 
over 1000 new lines have been evaluated in variety trials and 
as hybrid combinations in hybrid trials. Bird and weather-
ing resistant varieties and hybrids are requied inthe western 
humid areas. 

Mr. Christopher Mburu has returned with his M.Sc. 
degree and has recently assumed the sorghum breeding 
activities. The sorghum breeding program at 
Kakamega/Alupe has lacked trained and experienced lead-
ership since Newton Ochanda left for Ph.D. training. New-
ton is expected to return to Kenya in February 1993. The 
finger millet breeding and evaluation program is strong and 
under the capable leadership of Mr. C. Oduri. This activity 
is directed from Kakamega and NPT's are prepared and sent 
out from this location. 

Highlands - Breeding activities at Lanet will be limited 
to selection and evaluation of sorghum and silage varieties. 
This research is supported by crosses made at Kiboko. The 
sorghum/millet staff at Lanet are experienced and are con-
ducting quality research. 

Cold tolerant sorghum varieties collected by 
SAFGRAD/ICRISAT were selected at Lanet for future 
grain and/or silage trials. High quality sorghum silage with 
low lignin genes will find a market in the Lanet area, 
provided cold tolerance can be incorporated into these va
rieties. Crosses to accomplish this breeding goal have been 
made at Kiboko and are being segregated at Lanet. 

Coastal - The sorghum/millet breeding activities for the 
eastern coast of Kenya are conducted by the breeders in 
Katumani. This region has received the least of the tcchnical 
advisor's attention to date. Inthe future, the different prob-
lems caused by the humid lowlands must be addressed. 

Networking Activities 

Workshops 

The MSU-104 PI helped organize and participated inthe 
first KARI/IAC Seed Technology Shortcourse conducted 
at the Lanet, Kenya National Seed Quality Laboratory from 
March 2 - 20, 1992. 

Dr. Susana Goggi consulted with the Mid-America Ag
ricultural Consortium and Kenya Agricultural Research In
stitute by lecturing at the 1st KARI/MIAC Seed Technology 
Shortcourse at the Lanet National Seed Quality Control 
Research Center, Nakuru, Kenya. March 2-20, 1992. 

Professor David Andrews consulted with the Mid-Amer
ica Agricultural Consortium and Kenya Agricultural Re
search Institute by lecturing at the 1st KARI/MIAC Seed 
Technology Shortcourse at the Lanet National Seed Quality 
Control Research Center, Nakuru, Kenya. March 7-20, 
1992. 

Dr. Susana Goggi attended and participated in the 38th 
Shortcourse for Seedsmen-Vigor Testing Workshop. Seed 
Technology Laboratory, Mississippi State University, April 
13-15, 1992. 

Dr. Susana Goggi attended and participated in the 13th 
Seed Improvement Course. Seed Technology Laboratory, 
Mississippi State University, June 1-July 11, 1992. 

ResearchInvestigatorExchanges 

Dr. Charles Campbell, the MIAC Training Coordinator 
and the sorghum/millet technical advisor had several meet
ings during his visits to Kenya concerning in-country 
(Kcn-fa) Ph.D. student research. Most of thc orghum/ni!let 
Ph.D. students will conduct all or a portion of their research 
at Katumani and/or Kiboko. 

On August 3 - 17, 1991, Dr. Clarence Watson professor 
at Mississippi State University and Lawrence M'Ragwa's 
major professor visited Kenya for the first time. The sor
ghum/millet technical advisor took them on a tour of KARl 
Centers in the East and West. 

Dr. Susana Goggi consulted with DeKalb Plant Genetics 
at Dumas, Texas on ways to improve effectiveness when 
using a gravity table during the seed cleaning process. She 
visited facilities and familiarized herself with the commer
cial sorghum breeding program while visiting breeding 
nurseries and production fields at Lubbock and Dumas, 
Texas. September 1991. 

In September 1991, the sorghum/millet technical advisor 
traveled to the U.S. where he attended several meetings with 
Mississippi State University International Programs staff 
and Department of Agtonomy staff. The technical advisor 
presented a sorghum pcoject report at a Departmental CSRS 
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review and drove to Missouri for consultations with MIAC 
Kenya Project staff. Some time was also spent visiting with 
Kenyan graduate students at Mississippi State and, by tele-
phone, with others at other universities. 

On November 18-19, 1991, the sorghum/millet technical 
advisor assisted the INTSORMIL Director, Dr. John Yohe,
in meetings with KARl Directors to obtain a KARI-INT-
SORMIL Memorandum of Understanding. 

Dr. Susana Goggi consulted with DeKalb Argentina on 
the analysis of possible causes for poor seed performance in 
Sudax sorghum and presented results to the technical and 
administrative committee. November 1991. 

Dr. Susana Goggi visited with Dr. Tony Sotomayor-Rios
and Mr. S. Torres-Cardona about the sorghum and maize 
programs at the USDA/ARS Tropical Agriculture Research 
Station at Mayaguez, Puerto Rico. She also consulted with 
Professor Jose A. Quinones, Dean and Director of the Col-
lege of Agiicultural Sciences at the Universidad de Puerto 
Rico, about sorghum and seed technology programs. Janu-
ary 1992. 

Dr. Susana Goggi visited Drs. John Axtell and GebisaEjeta's sorghum programs at Purdue University, West La-
fayette, Indiana. She attended an intensive personalized 
course on RFLP's at Dr. Benetzen's Molecular Biology
Laboratory. She was instructed on the use of the Gene Gun 
and the research of Dr. Usha Zeher. Dr. Larry Butler and 
Mrs. Tishu Cat, Department of Biochemistry, discussed 
their immature embryo tissue culture protocol and tech-
niques. January 6-17, 1992. 

Dr. Susana Goggi consulted with DeKalb Plant Genetics 
and submitted a written report and recommendations on an 
analysis of possible causes for poor seed performance in 
white sorghums underdifferent irrigation systems. February 
1992. 

February 23 - 25, 1992, the MSU-104 PI and Dr. Susana 
Goggi traveled to Lincoln, Nebraska and participated in the 

external evaluation of INTSORMIL Projects. 


Professor David Andrews visited several KAR sorghum 
and millet research Centers, consulted with sorghum and 
millet breeders and agronomists, and submitted a written 
report of observations and reci)mmendations. March 1992. 

Dr. Susana Goggi visited several KARl sorghum and 
millet research Centers and consulted with sorghum and 
millet breeders alnd agronomists. April 1992. 

Dr. Susana Goggi constulted with DeKalb Argentina on 
the analysis of possible causes for poor seed performance in 
sunflower seed lots and submitted a written report and 
recommendations. April 1992. 

In June 1992, the technical advisor was in the U.S. for 
meetings and home leave. He participated in the preliminary
examination of his graduate student at Mississippi State 
University, Mr. Vincent Zake. 

Germplasm and Research Information Exchange 

Hybrid sorghum seed from crosses made in this project
and MSU- 111 were imported into Kenya for evaluation at 
several locations. The hybrid entries were selected to be 
useful across several Kenyan ecological zones. 

Publications and Presentations 

Publications 

Gourley, L. M., A. S.Goggi, and E. 1.Montgomery. 1991. Mississippi 
Regional Cooperators, 1990 Regional Sorghum Yield Trials. MAFES
Bulletin.

Gourley, L. M. and A. S. Goggi. i991. l3rceding sorgnuin tor tolerance to 
infertile acid soils. pp. 91-99. In J. M. 'uaie and T. T. Schilling (Eds.) 
INTSORMIL Annual Report 1991 - Fighting Hunger with Research.. . A Team Effort. The University of Nebraska, Lincoln, NE.Gourley, L. M. and G. Munoz. 1991. Sustainable production of sorghum 
and pearl millet in fragile, tropical acid soils. pp. 51-56. In J. M. Yohe 
and T.T. Schilling (Eds.) INISORMIL Annual Report 1991 - Fighting
Ilunger with Research ... A Team Effort. The University of Nebraska,
Lincoln, NE. 

Gourley, L. M. 1991. Breeding sorghum for stress environments of the 
tropics. pp. 17-22. In F. Gaitan Gaitan (Ed.) Sorgo Pam El Futuro.Centro Intemacional de Agricultura Tropical (CIAT), Cali, Colombia. 
p.179. (Spanish) 

Goggi, 	 A. S., J. C. Delouche. and L. M. Gourley. 1991. Influence of 
weathering and immaturity on sorghum seed specific gravity and seed
morphology. p. 168. In Agron. Abs. October 27-November 1, 1991.
Denver, Colorado. 

Gourley, L. M., A. S. Goggi, C. Ruiz-Gomez, and R. B.Clark. 1C91. 
Mineral element concentration in 26 acid soil tolerant genotypes. p. 95.
In Agron. Abs. October 27-November 1. 1991. Denver, Coloradc,.

Gourley, L. M. 1992. Sorghum/millet breeding research prograr. pp.
19-25. In Kenya National Agricultural Research Project Fourth Annual 

Report of Activities and Progress. MIAC. Nairobi, Kenya.Vaughan, C. E.and A. S. Goggi. 1992. Report to Mid-America AgrculturalConsortium and Kenya Agricultural Research Institute on the Seed 
Technology Training Coupe. February 27-March 22, 1992, Lanet 
Center, Nakuru, Kenya. p. 15. 

Presentations 
Goggi, A. S., J. C. Delouche, and L. M. Gourley. 1991. Influence of 

weathering and immaturity on sorghum reed specific gravity and seed 
morphology. ASA Meetings. October 27-November 1, 1991. Denver,
Colorado. 

Gourley, L. M., A. S. Goggi, C. Ruiz-Gomez, and R. B. Clark. 1991.Mineral el- ;nt concentration in 26 acid soil tolerant genotypes. ASA 
Meetings. ( 'ber 27-November i. 1991. Denver, Colorado. 

Goggi, A. S. 1992. Seed development and maturation. 1992 Seed Improvement Training Course. USDA/OICD 1C-130-3. MSU, June 1992. 
Goggi, A. S. 1992. Producing hybrid seed. 1992 Seed Improvement Train

ing Course. USDA/OICDTC-12C-3. MSU, June 1992. 
Goggi, A. S. 19'2. Principles of sced separations. 1992 Seed ImprovementTraining Course. USDA/OICD TC-130-3. MSU, June 1992.
Goggi, A. S., 11. 0. Catano, and L. M. Gourley. 1992. Distribution of seeds 

in sorghum inflorescence according to differences in spe :ific gravity. 
AOSAJSCST 1992 Meetings. June 11-18, Oklahoma City, Oklahoma. 
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Summary 

The major focus of this project is to develop high yielding 
sorghum varieties with acceptable food quality and good 
nutritional value for utilization in developing countries. A 
great deal of progress has been made in two areas. 

We now understand many of the factors necessary for 
improving the nutritional value of sorghum through loc,l 
village processing. Sorghum flour is less digestible than 
most cereal flours unless it is processed using local village 
procedures that have evolved over hundreds of years. We 
now understand the scientific reasons why processing is 
important. This knowledge will help us modify and improve 
the traditional processing methods and develop improved 
processing methods for utilization in other countries in the 
world where sorghum is used as a feed or food grain, 

The International Division of the U.S. Census Bureau, in 
unique agreement with many other agencies, projects that 
the population of the world will double within the next40-50 
years (Jamison, E. 1989. World Population Profile. Bureau 
of the Census. Issued September 1989). This means that 
agricultural scientists will have to learn how *',produce as 
much food, feed and fiber in the next 5 decades as they have 
learned how to produce during the pasi 2,000 years. There 
is virtually no alternative scenario to this view short of a 
major human calamity. This fact poses an unprecedented 
challenge to plant and animal scientists around the world. 
Fortunately, at the same time new and powerful research 

tools are available from the explosion of knowledge in the 
biological and agricultural sciences. Crop and livestock 
yields must increase significantly to avoid a level of human 
misery in the world which is intolerable to civilized society. 
Some of this increase will occur on productive land with 
adequate rainfall, bui many of these lands are already 
stretched to capacity. Muchof the increase will havetocome 
from marginal agricultural lands with relatively poor soils 
and chancy rainfall, which are subject to frequent periods of 
drought. The goal of the INTSORMIL and McKnight Re
search Projects is to utilize the best basic information from 
recent advances in plant biology to understand the mecha
nisms of drought resistance incrop plants, and to apply this 
knowledge to the improvement of crop and livestock yields 
in the U.S. and throughout the world. The model crop used 
for these studies is sorghum, which has developed mecha
nisms which have allowed it to evolve in semi-arid regions 
of the world "averthe centuries. Sorghum is generally grown 
in those parts of the world where it is too dry to grow corn 
or othe!r cereals. Even though the drought resistance of grain 
sorghum has been known for centuries, relatively littleeffort 
has been expended in the study of mechanisms of drought 
resistance in sorghum at the genetic, physiological and 
molecular levels. The mission of our interdisciplinary pro
gram is to combine the resources of the International Sor
ghum Improvement Program at Purdue University, with the 
expertise of scientists in Stress Physiology and Plant Mo
lecular Biology, in a concerted effort toward an under
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standing of the mechanisms of drought resistance in sor-
ghum and to utilize this information for the improvement of 
sorghum and other crop species such as maize. An under-
standing of these mechanisms will provide better opportu-
nities for more efficient screening activities in cereal 
breeding programs. This research program will serve as an 
exceptional training ground for graduate students who will 
assume leadership roles in U.S. and international agricul-
tural research into the twenty-first century. 

Our research accomplishments include the identification 
of exceptionally drought resistant genotypes of sorghum to 
use as a model system to study mechanisms of drought
resistance. We have developed the first sorjhum genetic 
map (RFLP map) which will now allow us to define the 
location of the major genes involved in drought resistance 
in sorghum. We have mutagenized these major genes in 
order to determine ,heir individual contributions to the 
drought resistance trait. We are developing a system which 
will allow us to specifically "tag" and then isolate major
drought resistant genes. We are developing a system in 
which these genes can be reinserted into the sorghum 
genome (or the genomes of other cereal crops) in order to 
enhance the drought resistance of high quality sorghum
lines, or enhance the drought resistance of other crop spe-
cies. 

We have continued to develop our linkages with the U.S. 
seed industry and with developing countries. It has been a 
great pleasure these last eighteen months to hrivc, Lau' Dr. 
Yilma Kebede as a Fullbright Scholar working with the 
McKnight group at Purdue. Dr. Kebede has primary respon-
sibility for the National Sorghum Improvement Program in 
Ethiopia, and we look forward to continuing our collabora-
tive research relationships with him as the Pi(:neer Repre-
sentative in Africa. The students have especially enjoyed 
their interaction with Yilmi. and the view he has presented 
to them on the problems and prospects for third-world 
agriculture. Ile has presented seminars and led student dis-
cussion groups where he willingly shared his expertise on 
sorghum research in the context of a developing country
research program. Next year it will be our pleasure to host 
Dr. Subramanian from ICRISAT Center, who is principal 
sorghum research scientists for the ICRISAT laboratory 
programs (pending availability). He will be spending his 
sabbatical leave with the McKnight group at Purdue and will 
help consolidate linkages on our drought resistance research 
with the international sorghum research center program
(ICRISAT). Our collaborative research relationships with 
Dr. Osman Ibrahim, inSudan, and Mr. Issoufou Kapran and 
Dr. Mousa Adamou, ip Niger, will be continued. 

Objectives, Production and Utilization Constraints 

Objectives 

Identify, develop and evaluate sorghum lines or mutants 
with improved nutritional quality and superior food grain 
quality using both chemical and biological methods, 

Develop agronomically elite sorghum lines for Niger,
Sudan, and Ethiopia with good adaptability, good grain
quality, good drought and striga tolerance, and improved 
yield potential. 

Use new tools from molecular biology, genetics and plant
physiology to study the mechanisms of drought tolerance in 
sorghum. 

Investigate the potential for developing varieties of sor
ghum with high nutritional value and good food properties
for potential use as nutritional foods for young children, 
pregnant women and nursing mothers. 

Train LDC personnel in plant breeding and genetics. 

Constraints 

Nutritional value of sorghum has long been known to be 
different from other cereals. This includes the tannin prob
lem, the protein quality problem, the protein digestibility
problem, and the local processing methods involved in 
eliminating these problems inthe diets of sorghum consum
ing people. We have made significant progress in coopera
tion with Dr. Larry Butler on the tannin problem, and Sam 
Mukuru has now proven, in studies conducted in our labo
rzAory, that high tannin sorghums traditionally grown at high
elevations inEastern Africa are very satisfactory sources of 
digestible nutrients, if the grain is processed adequately by
traditional means. Protein quality improvement will be a 
major breeding objective during the next five years. We 
have identified good sources of modified quality protein 
sorghums which are comparable in yield potential and grain
quality to quality protein maize as developed by CIMMYT. 
The basiL high lysine gene, P-721 opaque has been com
bined with sources of vitreous endosperm to give the QPS 
(Quality Protein Sorghum). The high yield potential has 
been demonstrated by Emmanuel Monyo and the modified 
vitreous endosperm characteristics have been recently docu
mented. A major unresolved problem is the environmental 
stability of these modified endosperm sorghums. A recent 
breakthrough on OPM in maize by Brian Larkins and 
Mauricio Lopez has shown a strong relationship between 
the gamma-zein fraction and modified vitreous cndosperm
characteristics. An Elisa technique is being developed 
which will make selection for vitreous endosperm opaque-2
much more reliable and faster. The same technique will be 
adapted to sorghum P-721 modified lines in improvement 
programs. Trials will be conducted at several locations 
during 1992 to confirm the stability of te vitreous en
dosperm trait in these QPS lines across temperate and tropi
cal environments. It is interesting to note that the 
digestibiliiy of P-721 high lysine sorgihum is about 10% 
greater than that of most normal sorghum varieties which 
should be an additional benefit if it can be cenfirmed in the 
QPS lines. The digestibility problem can also be approached 
at this time by a better understanding of traditional process
ing technologies. We believe the identification of a low 
fraction III (cross-linked kafirin fraction) sorghum variety 
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in the World Collection has the potential to provide a genetic 
and breeding solution to the digestibility problem in sor-
ghurr, which would be a significant achievement in utiliza-
tion of sorghum as a food grain and also as a feed grain. 

A major priority will be the development of a vitreous 
endosperm high lysine ,,,rghum variety using germplasm 
developed from crosses with P-721 opaque. This will be a 
combined effort with Bruce Hamaker, Gebisa Ejeta, and 
Larry Butler. The modified endosperm high lysine sorghum 
parental materials will be tested in Niger, Sudan, and West 
Lafayette to verify environmental stability of the vitreous 
endosperm and the lysine content. An extensive second 
cycle breeding program will be initiated to further improve 
the protein quality, vitreous endosperm, and protein digest-
ibility of the new lines, 

Another major focus will be to continue to ascertain the 
nutritional value of thin fermented porridges, as used in 
eastern and southern Africa, and also to determine what 
genetic characteristics are necessary in a new variety to 
successfully prepare these porridges. For example, it is 
generally known that local varieties have a high diastatic 
power which is essential for fermentation with either yeast 
or lactobacillous. Many improved sorghum varieties lack 
this characteristic and this factor may be responsible for low 
adoption rate of improved varieties. Joe Mushonga's re-
search on developing rapid assays for diastatic power aid 
studying inheritance of diastatic activity in sorghum culti-
vars will be continued. Secondly, Dr. Sam Mukuru has 
comipleted his study at Purdue on the digestibility of thin 
fermented sorghum porridges in Uganda and has found that 
there is no effect of the tannins on digestibility after the 
traditional wood ash and fermentation treatments. Another 
focus of activity will be to pursue the development of cold 
tolerant sorghum lines wid markediy improved seedling 
vigor for higher elevations in eastern Africa and temperate 
zones. The sources of cold tolerance from northern China 
continue to be excellent for early spring seedling vigor, 
Finally, we have identified a sorghum line in the '!orld 
Collection (IS 2319) which has a significantly reduced 
cross-linked kafirin fraction and shows very good digest-
ibility results in rat feeding trials, whether cooked or un-
cooked. Since we believe this cross-linked kafirin is 
responsible for many of the digestibility problems in sor-
ghum weare giving this activity a very high priority. Studies 
include inheritance of the low fraction III trait and incorpo-
ration with this genetic characteristic into improved broadly 
adapted sorghum germplasm. 

DroughtResearch 

A major drought occurred across a section of the corn 
belt, including West Lafayette, Indian?, in 1991. While 
these droughts were not as extensive as in 1988, it was 
devastating to those corn growers who had the misfortune 
to farm within the affected regions. The drought in Eastern 
and Southern Africa in 1992 is reported to be the worst in 
living memory. Drought continues to be the major source of 

crop losses throughout the world. The relatively superior 
performance of grain sorghum under these stress conditions 
reiterates our hypotheses that sorghum contains some im
portant genes for drought i sistance. It therefore seems 
logical to use sorghum as both a model system and also as 
a source of genes for stress tolerance. We are now in a era 
when we can think realistically about identifying, isolating, 
and transferring genes between crop species. It is our opin
ion that the best place to seek and identify genes for drought 
resistance in cereal crops is sorghum. We believe that we 
have a unique opportunity to improve the drought resistance 
of maize, and other crop species, by conducting the kind of 
research being supported by the McKnight Foundation with 
INTSORMIL at Purdue University. The implications for the 
State of Indiana and the cornbelt, as well as for drought 
prone regions in developing countries, are significant. Our 
objective, simply put, is to use the best and most current 
technologies from the biological and agricultural sciences 
to solve one of the world's most important and heretofore 
most intractable problems, drought resistance. 

The mission of our interdisciplinary program is to com
bine the resources of the International Sorghum Improve
mcnt Program at Purdue University with the expertise of 
scientists in Stress Physiology and Plant Molecular Biology 
in a concerted effort toward an understanding of the mecha
nisms of drought resistance in sorghum and to utilize this 
information for .he improvement of sorghum and other crop 
species such as maize. An understanding of these mecha
nisms will provide better opportunities for more efficient 
screening activities in cereal breeding programs. This re
search program will serve as an exceptional training ground 
for graduate students who will assume leadership roles in 
U.S. and international agricultural research into the twenty
first century. 

During the past three years we have initiated a unique 
graduate training and research program which is designed 
to foster interdisciplinary research in basic plant sciences 
focused on a problem of extreme importance to both U.S. 
and third world agriculture; drought resistance. We have 
recruited 11 outstanding graduate students. These students 
have already earned a reputation (both on and off the Purdue 
campus) for their interdisciplinary zeal, their group activi
ties, their high quality research, and exceptional grades in 
ongoing course work. The philosophy that research can 
transcend discipline boundaries, and must transcend these 
boundaries, if we are to solve difficult and complex agricul
tural problems, has been rapidly grasped and implemented 
by our student group. The faculty, Department Heads and 
Deans view this as a major accomplishment of our training 
program. Internationalization of research through interdis
ciplinary activities has recently been identified as a priority 
at Purdue University. The INTSORMIL/McKnight pro
gram at Purdue serves as a model of what can be accom
plished in this area. 
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Research Approach ar Project Output 

Research Methods 

Much of the breeding activities will be conducted in 
Niger, Sudan, and also with the ICRISAT Southern Africa 
and East Africa regional centers. Gebisa Ejeta will continue 
his collaboration with Sudan and Niger on Striga tolerance 
and drought tolerance. John Axtell will focus on cold toler
ance screening in Kenya and the Highlands of East Africa. 
Considerable time and effort will be spent working with 
Sudanese and Nigerien scientists on grain quality using 
pedigree breeding, as weli as "opulation and hybrid devel-
opment. A major effort will be made to develop A&B lines 
with good grain quality, Striga tolerance and drought toler-
ance which are adapted to Sudan and Niger. 

Breeding for good grain quality and high digestibility in 
elite sorghum cultivars which also have African adaptabil-
ity, good yield and other needed agronomic traits will be 
continued. Characteristics, such as kernel hardness, have 
now been identified which will facilitate breeding for grain 
quality. This program also will be carried out jointly with 
Niger and Sudan. Much of the breeding work will be done 
in Niger with backup using laboratory facilities at Purdue. 
Screening and trials will be conducted at 3 locations in Niger 
zs well as in Sudan. 

Our approach to investigating the genetic determinants 
of the exceptional drought resistance of certain sorghum 
cultivars (P898012 and P954035) will firstly entail con-
structing hybrids between exceptionally resistant and sus-
ceptible (e.g. P72i-N) lines and evaluating F2, F3 and 
subsequent advanced progeny and their backcrosses to the 
original parents, using traditional plant breeding methods. 
Secondly, we propose to generate many susceptible rever-
tant lines by mutagenesis of drought resistant P898012 and 
P954035 sorghum. Seed of these pure line varieties were 
mutagenized at Purdue in the summerof 1988 and MI plants 
were self-pollinated to provide M2 seed to screen for 
drought sensitive revertants in Mexico under water stress 
conditions. Stress sensitive revertants will also be obtained 
by using a controlling element system in sorghum for 
transposon mutagenesis and tagging. The "candy stripe"
sorghum phenotype is analogous to the variegated pericarp 
controlling element system in maize. Candy stripe sorghum
is now being backcrossed to drought resistant sorghum lines 
to produce a pure line drought resistant sorghum variety 
which contains the mutable gene system. When this is 
available, it should be possible to select for genetic events 
involving transposition of the controlling element away
from the pericarp element by selecting seed from fully red 
sectors on the sorghum panicle. Plants grown from seed 
having red sectors will then be self crossed and their progeny 
screened for an alteration in drought resistance. Any drought
resistant gene identified can then be cloned using as a probe 
the candy stripe controlling element we are currently iden-
tifying. A genetic map of sorghum is being generated (cur-
rently 100 markers) using restriction fragment length 

polymorphisms, and this will be employed to define specific 
chromosomal regions containing drought resistance gr nes 
ana genes determining a range of morphological, physi
ological and biochemical characteristics of putative adap
tive significance in terms of sorghum shess resistance. 

Training M.S. and Ph.D. LDC students will continue as 
in the past. 

Research Findings 

The principal research accomplishments made d'iring the 
INTSORMLL/McKnight Foundation funding period for this 
program are as follows. Our approach to investigating the 
genetic determinants of the exceptional drought resistance 
of certain sorghum cultivars has been multidisciplinary, 
international in scope, and multifaceted. First, we con
structed hybrids between exceptionally resistant and sus
ceptible lines and evaluated F2, F3 and subsequent advanced 
progeny and their backcrosses to the original parents, using 
traditional plant breeding methods. A large number of F6
recombinant ii:bred families have been derived from one 
such cross. These families exhibit an exceptional range of 
genotypic variation for pre- and post-flowering drought 
stress resistance, as revealed in recent field evaluations of 
this germplasm during the drought of 1991 in Indiana. 

Second, we developed a sorghum RFLP genetic map and 
we are now uniquely poised to begin to screen the above 
recombinant inbred families forRFLPs which are associated 
with specific drought resistance/susceptibility traits. A ma
jor thrust of the proposed research has been to extensively 
characterize the recombinant inbred families above for mor
phological, physiological and biochemical traits, and to map 
the major genes responsible for drought resistance to spe
cific chromosome regions. The concomitant development
of sorghum cDNA libraries of constitutive and drought-in
ducible genes will likely further enhance the sorghum ge
netic map, and will assist in defining specific genes which 
are responsive to water deficits. 

Third, we generated many susceptible revertant lines by
chemical mutagenesis of drought resistant P898012 and 
P954035 sorghum. Seed of these pure line varieties was 
mutagenized at Purdue in 1988 and Mt plants were self-pol
linated to provide M2 seed. These M2 populations were 
screened for drought sensitive revertants in Mexico under 
water stress conditions. Inorder to provide a focal point for 
interdisciplinary activities in genetics, physiology and bio
chemistry, we have identified 38 independently occurring 
mutants in the epicuticular wax genetic system in sorghum. 
The latter mutant lines are now providing an exceptional 
source of genetic material for our multidisciplinary group to 
investigate the biochemistry and genetics of epicuticular 
wax synthesis and deposition, and to characterize the .;on
tribution of the waxy "bloom" trait not only to drought 
resistance, but also resistance to fungal pathogens. Bio
chemical analyses of sorghum sheath waxes indicate that 
wax loads range from as high as 7.4 mg/din2 in wild types 
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to as low as 0.3 mg/din2 in certain bloomless mutants. Wild 
t3 pe sheath waxes are predominantly (>90%) comprised of 
free carboxylic acids of carbon chain length C28 and C30 . 
Three bloomless mutants (bm-18, bm-8 and bm-15) result-
ing from chemical mutagenesis, as well as one bloomless 
mutant identified in the candystrip population (a putative 
transposon induced bloomless mutant), exhibit a 60 to 70% 
reduction in total wax load and accumulate free carboxylic 
acids of much shorter chain length (predominantly C22, C24, 
C26 and C28). These bloomless mutants appear to prema-
turely terminate fatty acid chain elongation. In contrast, one 
sparsebloom mutant (bm-28) accumulates substantially 
higher amounts ofcarboxylic acids of chain length C32 and 
C34 than the wild type. A tandem mass spectrometry method 
for determining the composition of epicuticular wax esters 
has been developed, and has been used to show that wild 
type wax esters range in total carbon number from C28 to 
C48 ; these esters are comprised of carboxylic acids of chain 
length ranging from C14 to C24, condensed with alcohols of 
chain leng, C14 to C28. Future studies will involve contin-
ued characterization of the ester, alkane, aldehyde, alcohol 
and acid fractions of the various bloomless and sparsebloom 
mutants. 

Fourth, we have characterized a controlling element sys-
tern in sorghum with the view to exploiting this system for 
transposon mutagenesis and tagging. The "candy stripe" 
sorghum variety issimilar phenotypically to the variegated 
pericarp controlling element system in maize. The Y gene 
has been identified as the mutable locus in sorghum. The 
candy stripe sorghum variety has been backcrossed to the 
drought resistant sorghum lines to produce a pure line 
drought resistant sorghum variety which contains the muta-
ble gene system. Now that this is available, it is possible to 
select for genetic events involving transposition of the con-
trolling element away from the pericarp element by select-
ing seed from fully red sectors on the sorghum panicle. A 
total of 100,000 independently occurring excision events are 
being collected. Plants grown from seed having red sectors 
will ther be self crossed and their progeny screened for 
drought susceptibility. In principle, any drought resistant 
gene so identified can then be cloned using the candy stripe 
controlling element probe which we plan to clone from 
sorghum. Apromising lead came recently from our discov
ery that one of the epicuiicular wax genes in sorghum is 
linked with waxy endosperms, so we may be able to 
transposon tag the waxy endosperm gene first and then later 
tag the epicuticular wax gene more readily because of the 
mechanics of transposition based on observations in other 
species. Utilizing the genetic map of sorghum generated 
using RFLPs, itwill be possible to define specific chromo-
sonal regions containing drought resistance genes. 

Fifth, we have sought genetic variability for a specific 
biochemical trait which may play an important role in os-
moregulation; the accumulation of glycinebetaine. Six gly-
cinebetaine-deficient sorghum genotypes have been 
identified by screening of the sorghum world germplasm. 
Genetic analyses of F2 and backcro.s progeny from crosses 

between glycinebetaine-deficient and glycinebetaine-con
taining sorghum lines have confimed that glycinebetaine
deficiency is conditioned to be a recessive allele of a single 
locus. Tracer studies indicate that glycinebetaine -deficient 
cultivars are capable of oxidizing 2H3-betaine aldehyde to 
2H3-glycinebetaine at the same rate as glycinebetaine-con
taining cultivars, suggesting that the metabolic lesion is at a 
step proximal to betaine aldehyde dehydrogenase in the 
glycinebetaine biosynthetic pathway. A sensitive new 
method for determining choline and glycinebetaine (by sta
ble isotope dilution plasma desorption mass spectrometry) 
has been developed, and is being applied to these investiga
tions. Future studies will focus on RFLP mapping this locus, 
testing whether glycinebetaine-deficiency is associated with 
an impaired capacity to oxidize choline to betaine aldehyde, 
and developing near isogenic glycinebetaine-containing and 
-deficient sorghum lines to determine if this trait affecL, 
drought resistance. 

Sixth, we have developed a sorghum tissue culture, re
generation and transformation system with the view !o 
exploiting many recent advances in the field of plant 
biotechnology towards sorghum improvement. A number of 
genes of putative importance in plant tolerance of abiotic 
and biotic stresses are currently being cloned from other 
plant scurces in anticipation that it may soon be possible to 
routinely transform soighum wilh such genes and their 
aniLsense equivalents. Specific genes of interest include 
genes encoding enzymes of proline biosynthesis, genes 
encoding H+-translocating ATPases, 6enes encoding pro
tehis involved in cell membrane-cell wall adhesion, and 
genes encoding pathogenesis related proteins. Currently we 
are in the process of selecting stable transformants using the 
herbicide bialaphos. The material will be selected in a 
step-wise fashion increasing gradually the concentration of 
the herbicide, starting at the stage of callus formation. As 
little as 2 mg/L bialalphos is enough to affect the growth of 
nontransformed callus, and at a concentration of5 mg/L kills 
all the tissue whether transformed or not. Bialaphos-resis
tant calli will be used to regenerate transformed sorghum 
plants. 

Networking Activities 

Workshops 

Organizer and part;cipant of "The Third Annual Purdue 
University McKnight Program Retreat." Presentation enti
tled "The McKnight Foundation Interdisciplinary Research 
Project on Mechanisms of Droul'ht Resistance." Turkey 
Run State Park, IN. April 10-1 1, 1992. 

ResearchInvestigatorExchanges 

INRAN Staff, ICRISAT Staff and INTSORMIL Staffare 
regularly involved in exchange visits at Purdue, as well as 
Pioneer and DeKalb seed company scientists. A partial list 
follows. 
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Dr. Osman Ibrahim, ARC/Gezira Research Station, Wad 
Medani, Sudan 

Dr. R. Jambunathan, ICRISAT, Patancheru P.O. Andhra 
Pradesh 502 324, India 

Dr. Dallas Oswalt, Training Ofc, ICRISAT, Andhra 
Pradesh 502 324, India 

Dr. D.S. Murty, Plant Breeder, ICRISAT, Andhra 
Pradesh 502 324, India 

Dr. Lee House, SADCC/ICRISAT Sorghum & Millet 
Prog, Bulawayo, Zimbabwe 

Mr. Joe Mushonga, SADCC/ICRISAT Sorghum &Mil
let Research Progrom, Bulawayo, Zimbabwe 

Dr. Vartan Guiragossian, Sorghum Breeder, ICRISAT, 
Nairobi, Kenya 

Dr. John Rogler, Animal Science, Purdue University, W. 
Lafayette, IN 47907 

Dr. Ed Ashworth, Horticulture, Purdue University, W. 
Lafayette, IN 47907 

Dr. Nick Carpita, Botany, Purdue University, W. La 
fayette, IN 47907 

Dr. Mike Hasegawa, Horticulture, Purdue University, W. 
Lafayette, IN 4797 

Dr. Dart-el Rosenow, Texas A&M University Agric. & 
Res. Ctr, Lubbock, TX 79401 

Dr. Lloyd Rooney, Soil & Crop Sci, Texas A&M Uni-

versity, C,-ollege Station,TX 77843 

Dr. Richard Frederiksen, Texas A&M University, Col-
lege Station, Texas 77843 

Dr. George Teetes, Entomology, Texas A&M Univcr-
sity, College Station, TX 77843 

Dr. William Stegmeier, Ft. Hays Experiment Station, 
Kansas State University, Hays KS 67601 

Dr. Bruce Maunder, DeKalb-Pfizer Genetics, Rt 2, Lub-
bock, TX 79415 

Dr. Kay Porter, Pioneer Seed Co., P.O. Box 1506, Plain-view, TX 79072 

Dr. Jerry Eastin, Department of Agronomy, University 
of Nebraska, Lincoln NE 68583 

Germplasm and Research Information Exchange 

Extensive germplasm has been provided to INRAN/Ni
ger, ARC in Sudan, ICRISAT/SADCC Zimbabwe, plus 
numerous seed lots in response to specific requests by both 
private and public sector institutions. 

Publications and Presentations 

Book Chapters 

Chemey, J.H., DJ.R. Chemey, D.E. Akin and J.D. Axtell. 1992. Potential 
of brown-midrib, low-lignin mutants for improving forage quality. In: 
Advances in Agronomy. Donald L. Sparks (ed.). Vol. 46. pp. 158-198. 

Publications 

Chemey, D.J.R., J.H. Chemey, J.A. Patterson, and J.D. Axtell. 1992. In 
vitro reminal fiber digestion as influenced by phenolic-carbohydrate 
complexes released from sorghum cell walls. Ani. Feed Sci. & Tech
nology 39:79-93.Mukuns, S.Z., L.G. Butler, J.C. Rogler, A.W. Kirleis, G. Ejeta, J.D. Axtell, 
and E.T. Mea. 1992. Traditional processing of high-tannin sorghum
grain in Ugand& and its effect on tannin, protein digestibility, and rat 
growth. J. of Agric. Food Chem. 40(7):1172-1175.

Jenks, M.A., P.J. Rich, P.J. Peters, J.D. Axtell, and E.N. Ashworth. 1992. 
Epicuticular wax morphology of bloomless (bin) mutants in sorghum 
bicolor. Int. J. Plant Sci. 153(3):311-319.

Mertz, E.T., J.D. Axtell, G. Ejeta, and BR. llamaker. 1993. Development
and recent impact of quality protein maize and sorghum. Proc. of the 
ICC International Sympositt i on Cereal Science & Technology: Im
pact on a changing Africa. 10-14 May 1993. Pretoria, South Africa. (InPress) 

Premachandra, G.S., D.T. Hahn, J.D. Axtell, and R.J, Joly. 1992. Leaf 
water relations, gas exchange and water-use efficiency in four bloom
less mutants of Sorghum bicolor.J. of Experimental Botany (In Press). 

Publishedabstracts 

Barwale Zehr, U. and J.D. Axtell. 1992. Use of candy stripe sorghum to 
tag agronomically important genes. Agronomy Abstr. p. 187. Amer. 
Soc. of Agron., Minneapolis, MN.

Peters, P.J., J.'). Axtell, and S.E. Wyatt. 1992. Association of epicuticularwax with disease resistance in sorghun bicolor. Agronomy Abstr. p.
110. Amer. Soc. of Agron., Minneapolis, MN. 

Jenks, 	M.A., E.N. Ashworth, P.J. Peters, and J.D. Axtell. 1991. Structure
 
of epicuticular wax in sorghum mutants. HortScience (abstract).
 

Presentations 

Premachandra, G.S., J.D. Axtell, and RJ. Joly. 1991. Leaf water relations, 
net C02 assimilation, stomatal conductance, and osmotic concentration 
as affected by water deficit in sorghum. In: Proceedings International 
Sorghum/Millet Conference, Corpus Christi, TX. July 8-12, 1991.

First International Crop Science Congress (ICSC). Presiding Chair forSession on "Strategies for Improving Crop Quality: The Next Chal
lenge". July 15, 1992. Iowa State University, Ames, Iowa. 

First International Crop Science Congress (ICSC). Paper presented 'The 
INTSORMIL/McKnight Collaborative Research Model for IntegratingBiotechnology with Sorghum Improvement" by J.Axtell and U. Bar
wale Zehr. July 20, 1992. Iowa State University, Ames, Iowa. 

Prest.ntation to Dean's Club and Dean's Advisory Council. "McKnight
Research Program: Collaborative Research Which Benefits Crop Improvement in Indiana as well as Third World Countries." Nov. 22, 
1992. 

47th Corn & Sorghum Industry Research Conference. American SeedTrade Meetings. Presentation on "Mechanisms of Drought Resistance 
in Sorghum." 1Z/8-11/92. 
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Development and Enhancement of Sorghum Germplasm 
with Sustained Tolerance to Drought, Striga, and Grain Mold 

Project PRF-107 and PRF-107A
 
Gebisa Ejeta
 

Purdue University
 

Principal Investigator 

Dr. Gebisa Ejeta, Department of Agronomy, Purdue University, West Lafayette, IN 47907-1150 

Collaborating Scientists 

Dr. Osman Ibrahim, El Obeid, Sorghum Breeder, ARC, Sudan
 
Dr. Abdeljabar T. Babikher, Striga Specialist, ARC, Sudan
 
Dr. Mohamed El Hilu Omer, Sorghum Pathologist, ARC, Sudan
 
Dr. Ahmad Abu El Gassim, NSA, Sudan
 
Dr. Omar Fadil, NSA, Sudan
 
Mr. Shadou Bawa, Director General of INRAN, INRAN, Niger 
Dr. Sam Mukuru, Sorghum Breeder, ICRISAT, Kenya 
Dr. Lee House, Executive Director, SADCC/ICRISAT, Zimbabwe 
Dr. John Axtell, Agronomy Department, Purdue University, West Lafayette, IN 
Dr. Larry Butler, Biochemistry Department, Purdue University, West Lafayette, IN 
Dr. Bruce Hamaker, Food Science Department, Purdue University, West Lafayette, IN 
Dr. Darrell Rosenow, Texas A&M University Agricultural Experiment Station, Route 3, Lubbock, TX 
Dr. Jerry Eastin, Department of Agronomy, University of Nebraska, Lincoln, NE 
Mr. David Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE 
Dr. Bruce Maunder, DeKalb-Pfizer Genetics, Route 2, Box 56, Lubbock, TX 
Dr. Kay Porter, Pioneer Seed Company 

Summary 

Breeding sorghum varieties and hybrids for ust, in devel-
oping countries requires proper recognition of the major 
constraints limiting production, knoA 'edge of germplasm 
and appropriate physical environment for evaluation and 
testing. Efforts in INTSORMIL Project PRF-107 are at-
tempts to meet these requirements. Through regular dia-
logue and interaction with colleagues in Niger and Sudan, 
the sorghum breeding program at Purdue provides the nec-
essary back-up both in terms of germplasm and information. 

In Year 13 we report on our latest findings on the role of 
ethylene in Striga germinatioi, genetic control of low pro-
duction of Striga seed germination stimulants, and on ge
netic and developmental studies on the accumulation of 
glycinebetaine in sorghum leaves, 

In a series of experiments conducted this past year, we 
demonstrated that the ultimate signal for Striga seed germi- 
nation is ethylene. We also Adentified key metabolic steps in 
ethylene biosynthesis possibly vulnerable to attack by ma-
nipulation of hormones and herbicides. Based on these 
observations, we screened an array of chemical compounds 
for their efficacy on ethylene biosynthesis. Commonly used 
compounds such as thidiazuron (cotton defoliant) and 2,4-D 
(herbicide) were found to be most effective in ethylene 
production and hence in Striga seed germination, 

In two separate inheritance studies conducted, we estab
lished that low production of Striga stimulant in selected 
sorghum cultivars is inherited as , single recessive gene. We 
also found that deficiency of glycinebetaine, an osmoregu
latory compound, is also inherited as a single recessive gene. 
In both cases, knowledge of their inheritance has been useful 
in transfer of these traits to breeding stocks of sorghum 
which are currently under development. 

Objectives, Production and Utilization Constraints 

Objectives 

To strengthen sorghum research capabilities of collabo
rating scientists in less developed countries, thereby accel
erating the rate at which the production and utilization of 
sorghum in enhanced. To achieve this objective, the techni
cal resources of sorghum research scientists at Purdue Uni
versity as well as other INTSORMIL institutions will be 
tapped. Research on specific topics will be undertaken pri
marily at Purdue University in West Lafayette, Indiana but 
collaborative applied field experiments will be conducted at 
the Gezira Research Station in Sudan and At INRAN, Niger. 

Research objectives for Year 13 are a continuation of the 
overall project's research objectives as listed below: 
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To develop sorghum varieties and hybrids with improved 
yield potential and broader environmental adaptation. 

To develop and enhance sorghum germplasm with in-
creased levels of resistance to drought, Striga, and grain 
mold infection, 

To study inheritance of traits associated with resistance 
to drought, Striga, and grain mold. 

To elucidate mechanisms of resistance to drought, Striga, 
and grain mold in sorghum. 

Constraints 

Moisture stress is perhaps the single most important 
constraint to sorghum production in both Niger and Sudan. 
Sorghum germplasm accessions with good levels ofdrought 
tolerance, while available in various programs around the 
world, had not been widely used in research programs in 
Niger and Sudan. Practical methodologies for screening 
sorghum germplasm for drought tolerance are also lacking, 
Breeding efforts to incorporate drought tolerance with 
higher than average yield potential are limite;d by lack of a 
rapid fieId screening proced.re, as well as lack of knowl-
edge of sources of sorghum germplasm processing usefil 
traits. 

Striga hermonthica, a parasitic weed, is a major produc-
tion constraint of sorghum and millets in both Sudan and 
Niger, as it is in many countries in tropical Africa. Various 
control measures including the use of resistant varieties, 
improved cultural practices, and use of high levels of nitro-
gen fertilization have been suggested. Few resistant sor-
ghum varieties have been identified. However, the 
inheritance and mechanism ofStriga resistance in sorghum 
are not known. The efficacy of integrating various control 
measures in alleviating Striga infestation has also not been 
investigated. 

One of the constraints limiting adoption and use of exotic 
early maturing, high yielding sorghum varieties in parts of 
West Africa is the susceptibility of exotic lines to grain mold 
causing fungi. Tall, late maturing, photoperiod sensitive 
local varieties completing their grain filling period after 
cessation of rains tend to escape grain deterioration prob-
lems in the field. 

Research Approach and Project Output 

Sorghum germplasm from vaious sources is inter-
crossed in specific combinations and evaluated for higher 
yield potential under optimum sorghum growing conditions 
at West Lafayette, Indiana. Advanced breeding lines with 
improved agronomic characteristics are then sampled to be 
evaluated for specific adaptation in various locations, pri-
marily in Niger and Sudan, in collaboration wi~h cooperat-
ing scientists. Knowledge of specific traits sought in Niger 

and Sudan is utilized in making elaborate crosses as well as 
in selection efforts in the breeding program. 

Through efforts of graduate students and a cooperative 
interdisciplinary team at Purdue, we undertake research 
leading towards better understanding of Striga, drought and 
grain mold resistance. As we gain improved knowledge on 
these and associated traits, the efficiency of our breeding 
program should be enhanced. 

Research Findings 

Striga- Role of Ethylene in Germination (A.G.T. 
Babiker) 

Understanding the physiological and biochemical 
mechanisms involved in Striga germination can lead to 
development of control strategies as well as better utilization 
of available control measures. Two of the mos: promising 
Striga control measurcs, suicidal germinalion and resistant 
varieties, are primarily concerned with mv'nipulating seed 
germination and seedling establishment. Recent report out 
of Europe indicated that endogenous ethyleie plays a key 
role in response of Striga hermonthica to rue strigol ana
logue GR24 and sorghum root exudatcs. Since differential 
response of Striga strains to germination stimulants has 
been known to exist, we -.ere interested in learning about 
the effect of strigol-induced ethylene instimulation of Striga
asiatica germination and the specific role of the ethylene 
biosynthetic pathway in effecting Striga seed germination. 

Dr. Abdel Gabar Babiker, Weed Scientist from 
ARC/Wad Medani and our major Sudanese collaborator, 
has been on sabbatical leave from ARC and working in our 
laboratories since January 1992. As part of his collaborative 
effoa, he initiated this study and made several contributions. 
Using gas chromatography in the laboratory of Dr. Randy 
Woodson, Horticulture Department, he showed very suc
cinctly that the ultimate signal for Striga seed germination 
is ethylene. Based on his excellent knowledge of chemical 
herbicides, plant hormones, and growth regulators, he char
acterized an array of plant hormones and growth regulators, 
as well as specific herbicides and inhibitors of protein 
synthesis, with respect to their effect on ethylene formation 
and Striga seed germination. He has not only demonstrated 
the crucial role of ethylene but also has provided insight into 
the early stages of the germination process and has illumi
nated metabolic steps in ethylene biosynthesis possibly 
vulnerable to attack (for controlling Striga) by manipulation 
of hormones and herbicides in combination. Furthermore, 
he screened chemical compounds for their effects on ethyl
ene biosynthesis. Rather than synthetic germination stimu
lants and their analogs, which have proved to be unstable in 
soil, chemic,,J compounds readily available in agriculture 
were used. Selection of compounds was based on prior 
knowledge of their ability to enhance ACC synthesis and/or 
co;,erion to ethylene. Dr. B,biker demonstrated that 
thidiazuron, a substituted urea with cytokinin like activity 
widely used as a cotton defoliant and auxin-type herbicides 
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such as 2,4-D readily stimulate Striga seeds to produce nation of Striga seeds is inherited as a single recessive gene 
ethylene and to germinate. This combination of chemicals suggesting that progress from selection could be made by 
could be used in cleaning up Striga infested fields by suici- screening progenies for Strigaresistance using the agar gel 
dal germination; they could also be used in the presence of assay. 
a host crop. Combining this chemical approach with Striga 
resistant crop varieties may delay the em'rgence of more Drought -Studies on genetics and developmental proc
virulent strains thus prolonging the life of the resistant esses for glycinebetaine accumulation in sorghum (E. 
variety. Grote) 

Striga -Genetic Control of Low-Stimulant Production Glycinebetaine (N,N,N-trimethylglycine; betaine) is 
in Sorghum (R.Vogler) known to accumulate in response to drought in many grass 

and chenopod species. This accumulation is thought to be a 
Strigaseeds have three requirements for germination: 1) metabolic response to osmotic stress which functions in 

after-ripening, 2) conditioning, and 3) stimulation. After- protection of enzymes during heat and dehydration. This 
ripening and conditioning allow the seed to mature and to study was undertaken to determine changes in glycinebe
become sensitized to host-exuded compounds that stimulate taine concentration during plant development, to establish 
the Striga seeds to germinate. These compounds are pro- the genetic control of glycinebetaine deficiency and to es
duced from the roots of host and non-host plants. Non-hosts, tablish associations between glycinebetaine and major ag
or false hosts, are plants that stimulate Siriga seeds to ronomic traits in sorghum [Sorgnum bicolor (L.) Moench]. 
germinate, but they are not parasitized by Striga. Sorghum In the first experiment, seven sorghum cultivars were sam
cultivars differ in the amounts of stimulant compounds that pled for glycinebetaine levels at 42 days after planting 
their roots produce. This variation is responsible in pan for (DAP) and continuing every ten days until 105 (DAP). The 
the resistance against Striga found in some sorghum culti- second experiment consisted of three crosses between sor
vars. A host plant that produces low amounts of stimulants ghum cultivars deficient (< 1 mol gfw-1) and normal (>20 
will cause fewer Strigaseeds to germinate, and thus will be mol gfw- 1)for glycinebetaine concentrations and their sub
subject to lower infestation pressure. sequent Fl, F2, and backcross progenies. The third experi

ment utilized over 40 F6 recombinant inbred (RI) lines 
Production of germination stimulants isrelatively simple derived from the cross K886 x CS3541. These lines were 

to assay, and studies have beein conducted with seeds of S. evaluated at Lafayette, Indiana (no stress) and Lubbock, 
asiatica on the genetics of low-stimulant production in Texas (moisture stress) and were characterized for glycine
sorghum. This study was conducted to elucidate the genetic betaine accumulation and agronomic characteristics. Ineach 
control and mode of inheritance of low-stimulant produc- of these experiments, a colorimetric assay was used to 
tion in sorghum. Because of its simplicity and rapidity, the quantify glycinebetaine levels in the leaves. Significant 
agar gel assay we had recently developed was used instead differences for glycinebetaine among sorghum cultivars 
of the more extensively used double pot technique used by was Seen at all sampling dates. The greatest differences for 
ICRISAT. The agar gel assay is useful in distinguishing glycinebetaine levels among sorghum cultivars, however, 
sorghum genotypes on the basis of stimulation of Striga was at the last sampling date. Segregation ratios were nearly 
seed germination, measured as maximum germination dis- 3:1 as expected for single gene control. Glycinebetaine 
lance. We found that germination distance an easier measure deficient cultivars had the capacity to synthesize glycinebe
than the counting of percentage of germinated Strigaseeds taine when supplied with labeled betaine aldehyde. Glycine
in the agar medium. Crosses made between our Striga betaine did seem to correlate with maturity, especially under 
resistant variety, SRN-39 (low stimulant producer) and two stress. These results suggest that sampling for glycine-
Chinese varieties, Shanqui Red and IS 4225, both high betaine among sorghum cultivars should be done at the 
stimulant producers were evaluated using the agar gel assay. post-flowering stage to detect the greatest differences. The 

data clearly showed that glycinebetaine deficiency is inher-
Our results showed that the means of germination dis- ited as a single, recessive, nuclear gene which is largely 

lances observed in the agar gel assay for susceptible and additive. Biochemical studies indicated that the deficiency 
resistant parents were significantly different. Moreover they is not due to a lesion at betaine aldehyde dehydrogenase. 
were found uniquely classed at extreme ends of the range of 
means observed among all lines. Susceptible parents germi- Grain Mold Resistance 
nated Striga seeds at distances greater than or equal to 1.0 
cm from their root, whereas resistant parents germinated This project has been partially suppoited by a gramt from 
Strigaseeds at distances less than 1.0 cm. TheFl population Pioneer HiBred International. We have sampled our sor
from low x high crosses had mean germination distances ghum germplasm collection and characterized 22 genotypes 
which were not significantly different from the means of for physical and chemical kernel characteristics. Our pre
their reciprocal FI population suggesting no maternal effect liminary results from this study confirm diur earlier finding 
for stimulant production. The segregation of F2 population that both physical and chemical kernel traits confer resis
and the distribution of the backcross progenies revealed that tance to grain mold. Among chem ,:at components, we find 
low production of water soluble stimulant eliciting germi- that high levels ot flavan-4-ol correlate strongly with grain 
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mold damage than concentration of 3-deoxyanthocyanidins 
or the more condensed tannins. Genetic studies show that 
these components are heritable and that progress from se
lection can be made. We have also developed a random 
mating population of sorghum made up of parents with 
enhanced grain mold resistance. This population could be 
used both as a source population to initiate selection experi-
ments as well as for basic biochemical studies, 

Networking Activities 

Workshop and Program Reviews 

Participant in the Summer Institute for African Agricul-
tural Research, University of Wisconsin, Madison, July 
1991. 

Member African Dissertation Internship Award Selec
tion Committee, Rockefeller Four lation, New York, NY, 
November 1991. 

Ataded the American Society of Agronomy Meetings
at Fort Collins, Colorado, November 1991. 

Treveled to Sudan, Agricultural Research Corporation to 
characterize the Sudan Sorghum Germplasm collection 
evaluated in cooperation with ARC, INTSORMIL and 
USDA. 

ResearchInvestigatorExchange 

Interactions with public, private and international sor-
ghumn research scientists continues to be an important func-
tion of our program. The following individuals have visited 

rworked in our laboratories during Year 13.or 

Dr. Laila Monawar, FRC, Sudan 

Dr. Sitt Badi, FRC, Sudan
Dr. Hilu Ome, RC, Suan 

Dr. Hilu Omer, ARC, Sudan 

Dr. Ouendeba Botorou, INRAN, Niger 
Dr. Sam Mukuru, SAFGRAD/ICRISAT, Kenya 
Dr. Fasil Reda, JAR, Ethiopia 
Dr. Paulo Magalhaes, EMBRAPA, Brazil 
Dr. A.T. Babiker, ARC, Sudan 

Germplasm and Research Information Exchange 

An effective mechanism has been developed for 
germplasm exchange with cooperators both in Sudan and 
Niger. Type and extent of germplasm introductions to both 
Sudan and Niger from our project is decided upon either by
specific request from the collaborators or based on prelimi-
nary evaluation of small sets of nurseries introduced the 
previous season. Such an approach has been found to be 
satisfactory and workable. A number of early generation as 
well as advanced breeding sorghum lines were introduced 
in both Sudan and Niger. Such germplasm consitutes a 
significant part of the core breeding program in both INRAN 
and ARC. Likewise, useful local sorghums from Niger and 

Sudan have also l',-n introduced for initial intercrosses to 
be made in the winter nursery in Puerto Rico. 

A significant networking activity involving information 
exchange is developing through the efforts of this project
and its collaborators. Using information accumulated on 
germplasm and environmental data from the INTSORMIL 
collaborative effort in Sudan, varieties and hybrids that 
showed potential in Sudan are suggested for testing in 
similar environments in Niger. Research methodologies (on 
drought tolerance for example), as well as results, therefore, 
are also shared across countries and zones. 

Information and germplasm is routinely contributed to 
national and international sorghum research programs. 
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The Enhancement of Sorghum Germplasm 
for Stability, Productivity, and Utilization 

Project TAM.121
 
Fred Miller
 

Texas A&M University
 

Principal Investigator 

Dr. Fred R. Miller, Sorghum Improvement Program, Department of Soil & Crop Sciences, Texas A&M 
University, College Station, Texas 77843 

Collaborating Scientists 

Dr. M. Traore, Physiologist, DAR/IER, Bamako, Mali 
Dr. A. Toure, Sorghum Breeder, DAR/IER, Bamako, Mali 
Dr. Marcel Galiba, Sorghum Program Leader, Global 2000, Accura, Ghana 
Dr. D.S. Murty, Sorghum Breeder, ICRISAT, Kano, Nigeria 
Dr. L. House, Sorghum Breeder, ICRISAT/SADCC, Bulawayo, Zimbabwe 
Dr. Vartan Guiragossian, Sorghum Breeder, ICRISAT/SAFGRAD/OAU, Nairobi, Kenya 
Ing. Rene Clara, Sorghum Breeder, ICR1SAT/CIMMYT, Mexico, D.F. Mexico 
Mr. L. Romero H., Sorghum Breeder-Agronomist, UANL Leon, Mexico 
Ing. Agra. Mercedes Alvarez, Sorghum Breeder/Program Leader, IAN, Asuncion, Paraguay. 
Ing. W. Giesbecht, Agro./Prgm. Leader, Servicio Agropecuario, Col. Mennonite, Loma Plata, Paraguay 
Dr. Laura Giorda M, Sorghum Program Leader, INTA, Manfredi, Argentina 
Dr. Francisco Gomez, Sorghum Breeder and Head, SRN, Zamorano, Honduras 
Dr. Dan Meckenstock, Sorghum Breeder, INTSORMIL/SRN,EAP, Zamorano, Honduras 
Dr. P. Morgan, Physiologist, Texas A&M University, College Station, TX 
Dr. R. Frederiksen, Pathologist, TAM-124, Texas A&M University, College Station, TX 
Dr. R. Toler, TAM-124, Texas A&M University, College Station, TX 
Dr. L. W. Rooney, Cereal Chemist, TAM- 126, Texas A&M University, Collegi. Station, TX 
Dr. R. Wariska, Cereal Chemist, TAM-126, Texas A&M University, College Station, TX 
Dr. D.T. Rosenow, Sorghum Breeder, TAM-122, Texas A&M University, Lubbock, TX 
Dr. R.R. Duncan, Sorghum Breeder, University of Georgia, Experiment, GA 
Dr. A. Sotomayor-Rios, Geneticist, USDA/TARS, Mayaguez, Puerto Rico 
Dr. G. Peterson, Sorghum Breeder, TAM-123, Texas A&M University, Lubbock, TX 
Dr. G. Teetes, Entomologist, TAM- 125, Texas A&M University, College Station, TX 
Dr. R. Smith, Tissue Culturalist/Physiologist, Texas A&M University, College Station, "IX 
Dr. G.Hart, Cytogeneticist, Texas A&M University, College Station, TX 
Dr. J. Mullet, Biotechnologist, Texas A&M University, College Station, TX 
Prof. Shi Yu Xue, Sorghum Breeder, Sorghum Res. Inst., Liaoning Academy of Agri. Sci., China 
Mr. D.J. Andrews, Sorghum/Millet Breeder, UNL- 115, University of Nebraska, Lincoln, NE 

Summary 

The prime objective of TAM-121 is to reduce the risks tation phenomenon was selected in more southern or tropi
of production ofsorghum for grain through the enhancement cal environments. 
of genetic potentials by creating germplasm pools, lines, and 
hybrids with good food quality, stable performance, and Anthracnose of sorghum is a major disease of concern. 
high potential yields while possessing resistance to signifi- SC599- IIE, a resistant cultivar, provides control by a single 
cant diseases, pests, and stress filctors. Particular emphasis dominant gene. In an attempt to determine if resistance 
is placed upon development of food quality grain in the reactions could be enhanced with phytoalexins, the 3-deoxy 
sustainable production system. anthocyanidin phytoaexins luteolinidin, apigeninidin, and 

caffeic acid ester of arabinosyl 5-0-apigeninidin have been 
Nurseries in stress environments were used to identify studied. These compounds accumulated to greater concen

segregates for drought resistance, downy mildew and trations in resistant and resistant x susceptible materials than 
headsmut resistance, and food quality grain. Tropiral adap- in susceptible materials. 
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The two non-senescent cultivars RTx430 and B35 do not 
produce the nonsenescent response for the same reasons. 
B35 has either lost the ability to export carbohydrates effec-
tively out of the leaf or never had it. This inability to move 
assimilate allows build up in the leaf blade and culm, 
whereas RTx430 effectively exports sucrose to the panicle. 
This inability to move sucrose in B35 may be the cause of 
its ability to osmotically adjust in times of water stress. Leaf 
export, whole plant partitioning and histological data sug-
gest RTx430 and B35 have two distinctly different assimi
late movement systems. 

West African guinea sorghums have stability of produc-
tion but at low yields levels. Study showed that yield genes 
as well as stability factors exist within these sorghums, but 
successful genetic movement of the traits was not encour
aging. Pairwise squared distance measureineins of taxo-
nomic groups showed that guinea sorghums were diversely 
different as a group than zerazera, caudatum, and cai'fro um 
(as a second group). 

Currently in Paraguay adequate high quality forage and 
grain (feed and food) sorghum seed is produced to plant 
20,000 acres. Because of the success of forage hybrids 
produced using INTSORMIL materials, it is now estimated 
that 50% of all dairymen in the Mennonite Colonies use 
sorghum silage. 

INTSORMIL/TAES materials produced yields 2.77 
times greater than the Indian hybrids CSH5 and CSH9. 
ATx635, ATx631, and ATx623 were high performers. 
A155 proved very productive in Senegal. Best performing 
males in Senegal were RTx436, R.8504, and R.8509. 

Increased usefulness of white or light colored sorghum 
grain in formulated feeds is being recognized. The market 
is capitalizing upon cosrnetic appeal of the light colored 
grain for feed and for export. There are currently some yield 
advantages associated with white grain hybrids. Some of the 
advantages should persist because of basic biochemical 
responses. Limitations exist in areas of high humidity due 
to discoloration of the grain. 

The INTSORMJL sorghum research program has and 
continues to conlribute sustainability to the commodity. The 
blend of practical field evaluations with basic research en-
deavors, as well as identification and utilization of exotic 
germplasm with protection traits, create an enhancement of 
traits to make products more ,iseful and economical for the 
grower and consumer. The INTSORMIL research efforts in 
sustainability are focused on in -reased yield of food energy 
per unit area, maintenance or increased yield of available 
protein, and diversification of germplasm to protect and 
sustain yield. 

Objectives, Production and Utilization Constraints 

Objectives 

Develop, through enhancement procedures, appropriate 
stable, high yielding, agronomically desirable sorghums 
with high levels of disease, insect, and agronomic stress 
resistance, high grain quality with weathering resistance and 
resistance to environmental stresses. 

Determine the heterotic germplasm pools (subspecies) 
within sorghum and characterize the constraints to yield 
improvement among West African cultivars (guinese types) 
and evaluate the germplasm availability suitable for en
hancement. 

Determine the relationship between yield and photosyn
thetic capability. 

Assessment and utilization of physiological measures of 
drought resistance to improve sorghum for local and inter
national utilization. 

Distribute improved lines, hybrids, and early generation 
populations possessing superior productivity to collaborat
ing LDCs where sustainable agricultuie is critical. 

Develop specific germplasm pools and resources for use 
in impacting productivity inLatin America, South America, 
and Africa. 

Constraints 

Sorghum originated in Northeastern Africa and is the 
primary cereal of choice in several parts of the world be
cause of its resistance to high temperature and water 
stresses. During tlh! past 35 years, following the introduc
tion of cytoplasmic-genetic male-sterility and the potential 
of hybrid seed production, yields have steadily increased. 
This has been accomplished by meeting the needs of pro
ducers and remaining ahead of yield limiting constraints 
(disease, insects, stresses, etc.). Much more progress has 
been made in some areas of the sorghum world than in 
others. Those areas where sustainable yield has not changed 
are these where this project impacts. However, impact in 
developed sorghum areas has been good. 

A sustainable agriculturai system is dependent upon an 
acceptable yield of sorghum in those areas of tite world 
which are constrained by risks, associated with unstable 
productivity and cultivars, which are incapable of offering 
solutions to th3se constraints where sorghum is considered 
a staple food resource. The overall objective of this project 
is to reduce the risks through the enhancement of genetic 
potentials by creating germplasm pools, lines, and hybrids 
with good food quality, stable performance and potentially 
high yield, and possessing a high level of resistance to 
significant diseases, pests, and stress factors while maintain
ing acceptance and nutritional quality. Sorghum is generally 
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grown under less favorable environmental conditions in 
areas of the world where human nutritional levels are at 
marginal levels of acceptability. The constraints to produc-
tivity which are addressed through this project are genetic 
limitations to yield, disease resistance, drought, inade-
quately developed germplasm resources, unimproved food 
quality, and inadequate availability of improved seeds. 

Because sorghum is a native species to much of Africa 
where natural resources must be conserved, it is evident that 
its hardy growth habits will have limited impact upon the 
envfronment as we enhance available germplasm. Quality 
of available food resources and increased economic return 
to producers should result. 

Sorghum production is expanding in Latin America be
cause of the recognition that it is a viable food, feed, and 
energy resource. Mexico has limited areas of high yield 
sorghums, but much of the country is marginal for produc-
tion of current materials where drought, both high and low 
temperatures and diseases are constraints. Similarly, major 
food limitations occur with maize production whereas sor-
ghum is a viable supplement to insuring a food supply in 
Mexico and throughout Latin America. Problems with 
drought, diseases, adaptation, high and low temperatures 
and limitations of food quality among existing materials 
necessitate involvement of INTSORMIL. Perhaps most im-
portant to the distribution of a broad base of sorghum 
technology is the role that Mexico can play as a collaborator. 
Through Mexico's adoption and assimilation of sorghum 
technology, such technology is made more easily available 
and accessible to the rest of Latin America Therefore, 
materials utilized in Mexico are evaluated for stepwise 
enhancement and transfer to Guatemala, El Salvador, etc. 
and are reinforced in Honduras (prime site) and collabora-
tion in other Latin American countries increases the success 
of our program of germplasm conservation, improvement, 
and utilization. 

South America offers anew horizon for sorghum produc-
tion. Brazil, Argentina, and a few others areas have devel- 
oped production potentials, but with constraints of grain 
quality, diseases, insects, grain weathering, and yield con-
sistency. Paraguay sorghum production is increasing and 
has significant potential. Availability of improved seed-
stocks with adequate disease resistance and acceptable food 
quality are major limitations to reasonable expansion. 
Downy mildew, anthracnose, and other diseases limit pro-
duction throughout South America and through collabora-
tion sources of resistance in higher yielding materials can 
be introduced. Enhanced germplasm pools which are evalu
ated cooperatively in this area are moved to other regions 
and programs. There exist highly virulent strains or biotypes 
ofanthracnose inBrazil which threaten sorghum production 
in the rest of South America. Control strategies are needed, 
which include development of improved cultivars with sta-
ble sources of resistance. 

In Kenya, Sudan, Mali, Tanzania, Zambia, and 
Cameroon the constraints to productio' are drought, tern
perature, diseases, insects, and sensitivity to photoperiod. 
Photoperiod sensitivity is a preferred trait to allow escape 
of grain weathering. Food quality is of paramount impor
tance. Materials possessing drought resistance, food quality, 
and disease resistance from Texas have shown good adap
tation in this area.Photoperiod sensitive materials from the 
Honduran breeding program should be very useful in giving 
broadened usefulness to elite ge.-mp!asm already working in 
these areas. Major constraints in Mali and Niger as well as 
Burkina Faso are head bugs for which there is limited 
germplasm possessing resistance. Combining food quality 
traits with an understanding of head bug resistance should 
have major impact. 

Breeding strategies are utilized by TAES sorghum breed
ers which are both qualitative and quantitative. Develop
ment of RFLP capabilities, tissue culture screening of 
germplasm, utilization of introduced exotic germplasm in 
elite line development, as well as characterization of biotic 
and abiotic stress phenomena, are used to insure the sustain
able production of sorghum for grain and forage. 

Materials from the Sorghum Conversion Program and 
breeding materials from other TAES sorghum projects are 
evaluated for resistance to internationally important dis
eases in a cooperative program throughout the sorghum 
growing world. Large nurseries at several locations in Texas 
using natural conditions are currently utilized, along with 
artificial inoculations to determine most useful sources of 
resistance(s) and economical gene deployment. Screening 
of advanced and selected items are done in Mississippi, 
Georgia, Arizona, Puerto Rico, Mexico, Honduras, Vene
zuela, Brazil, Paraguay, Argentina, Mali, Sudan, and other 
sites in Africa and Asia. 

Much of the sustainability ofproduction is dependent on 
performance in below optimum moisture conditions. Field 
evaluations and basic physiologic studies are carried out to 
either identify superior germplasm or mechanisms of resis
tance to drought. Working with collaborating physioogists, 
osmoregulation, heat tolerance, leaf wax concentration, and 
root development patterns are measured and transferred to 
elite germplasm. The importance of maintaining geen leaf 
area through nonsenescence, high levels of nonstructural 
carbohydrates in the stem, and the ability to differentiate a 
large number of seeds per panicle under stress, coupled with 
the efficient use of water to fill those seeds, give stability to 
production. 

The TAES/INTSORMIL sorghum research program has 
and continues to contribute sustainability to the commodity 
worldwide. The blend of practical field evaluations, with 
basic research endeavors, identification, and utilization of 
exotic germplasm with protaction traits, strengthens en
hancement of utilization traits to make products more useful 
and economical for the gower and consumer. This research 
effort in sustainability is focused on increased yield of food 
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energy per unit area, mainten, nce or increased yield of 
available protein, and diversification of germplasm to pro-
tect yield. 

Enhancing sorghums for productivity has received con-
siderable attention in the USA, but not until recently has 
food quality receivec recognition as a constraint. Stability 
of yield is important to all major constraints and to all 
sorghum productions whether in the USA or in LDC's. In 
order that progress can be made to improve sorghurns po-
tential for yield multiple diverse sites must be used in 
selections and screenings. This project, in cooperation with 
other INTSORMIL activities, evaluates germpiasm for 
yield, disease resistances and food quality across a wide 
range ofenvironments. Genotypes must be developed which 
need further evaluation and selection under sustainable ag-
riculture systems. By augnmenting this research with LDC 
collaboration in Mexico, Honduras, Niger, Mali, Cameroon, 
Uganda, Kenya, Zambia, Ghana, Paraguay, and other coun- 
tries, new superior maierials can be identified to reduce risk 
to productivity, 

Research Approach and Project Output 

Research Methods 

Germplasm resources from international breding pro-
grams were collected and evaluated in Texas and Puerto 
Rico. Those materials which possess merit for utifization in 
the TAES/INTSORMIL breeding program were routed into 
either the Sorghum Conversion Program or into the project 
crossing program. Basic plant breeding strategies were util-
ized which are both qualitative and quantitative to develop 
populations of individuals for evaluation and selection. Pro
ject involvement in the development of an RFLP map is 
basic to future use of this technology. Currently there is a 
program under way to use RAPD's to assist in the identifi-
cation and utilization of genes associated with height, ma-
turity, grain quality, and basic growth and development. 
Pedigree breeding with limited backcrossing, after identifi-
cation of constraints in the elite breeding lines, was used to 
insure sustainable production of sorghum for grain (feed and 
food) and forage (silage and pasture). 

Materials from the Sorghum Conversion Program and 
breeding selections from other projects are evaluated annu-
ally for resistance to interr.ationally important diseases and 
insects in a cooperative program throughout the sorghum 
growing world. An all disease and insect nursery (ADIN) 
with 70 entries and 2 replications includes critically selected 
materials from several TAES sorghum projects. Several 
other similar nurseries are cooperative in nature and these 
nurseries serve several purposes. Primarily, these 
germplasm evaluation nurseries are used to collect critical 
data on genetic/environmental responses which can be used 
in breeding activities. Secondly, the nurseries provide useful 
materials for collaborators where ever they are grown. 

Large nurseries at several locations in Texas using natu
ral conditions are currently utilized, along with artificial 
inoculations, to determine the most useful sources of resis
tance(s) and economical gene deployment. More than 
30,000 selections were made in these nurseries during this 
reporting period. Screenings and critical evaluations of ad
vanced and selected items were made in Georgia, Puerto 
Rico, Mexico, Honduras, Venezuela, Brazil, Paraguay, Ar
gentina, Mali, Sudan, Kenya, Guatemala, India and China, 
in addition to Texas based nurseries. 

Much of the sustainability of production of sorghum is 
dependent on performance in below optimum moisture con
ditions. Field evaluations and basic physiologic studies were 
carried out to identify superior drought tolerant germplasm 
and mechanisms associated with resistance to drought. The 
importance of maintaining green leaf area through nonse
nescence, higher levels of nonstructural carbohydrates in the 
stem, and the ability to differentiate a large number of seeds 
per panicle under stress with an efficient use of water to fill 
those seeds, give stability to production. These sorghums 
with these traits in combination were selected at field loca
tions possessing environmental characteristics to allow ex
pression of superior recombinations. 

New breeding populations were generated from specific 
crosses among elite food quality materials, disease resis
tance sources, nonsenescence types, lines with greater green 
leaf retention, and drought resistance. F2 evaluation and 
selections were made in 1991 in drought nurseries in South 
Texas. Field screening of selected populations and advanced 
lines for disease reaction, utiling natural infection, supple
mented artificial inoculations. 

Advanced evaluations of drought responses were com
pleted using field plots at Lubbock. Mechanisms of resis
tance and interactions with disease reaction were studied in 
dryland and limited water conditions. 

Evaluations of inbred lines and advanced hybrids were 
made inmulti-location trials to characterize yield ofparents, 
F1, 3-way, and double cross hybrids. Seed stocks were 
prepared for trials of similar materials in Kenya for use in 
1992. 

Numerous trials with both broad based and specific ob
jectives were provided to collaborating LDC's for evalu
ation and use. 

Several collections of sorghum germplasm were made 
and introduced into the U.S. through cooperating plant 
quarantine agencies. These materials will be evaluated for 
response to photoperiod and subsequent use the breeding 
program. 

ResearchFindings 

The basic operating activity of this project is to create a 
base yield among elite sorghums that is sustainable across 
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varying environmental conditions and to add mechanisms 
and traits that increase value and performance. There is 
much interaction and exchange of information and 
germplasmn with TAM-122 and TAM-124. The cooperation 
and evaluations from TAM- 126 insures the inclusion of new 
sourcesoffoodqualityandsorghum types fornew food uses 
which are placed into the breeding enhancement program. 

In 1991 there was drought and high temperature stress in 
the large nurseries at Corpus Christi, Robstown, Beeville, 
and College Station. Disease expression was relatively high 
in the natural field inoculations. Expression of tropical and 
temperate adaptation was less than normal because of the 
drought and temperature extremes experienced in the sea-
son. Excellent selection was possible for both biotic and 
abiotic stresses in the nurseries. More than 7,000 selections 
from advanced and early generation materials were made at 
Corpus Christi, Robstown, and Beeville. 

At College Station more than 10,000 selections were 
,nade from various levels of breeding populations for seed 
number per panicle, green leaf retention, tropical adaptation, 
and yield potential. In the female development program 
there were 1082 sets of A/B lines backcrossed. Selected 
advanced females were top crossed to elite tester males for 
evaluation in F1 hybrid combinations, 

Anthracnose Colletotrichum graminicola is a major dis-
ease of sorghum in much of the higher production areas of 
the world. Efficient field selection of resistance in sorghum 
to anthracnose depends on adequate inoculum pressure and 
a favorable environment during critical stages of the host 
pathogen interaction for phenotypic discrimination of test 
cultivars. Since such requirements are not always fulfilled 
in the field, one method for distinguishing among reaction 
types is the determination, under controlled conditions, of 
the biochemical potential for expression of resistance. Ex-
periments were conducted in Indiana and Texas to deter-
mine the developmental characteristics of the sorghum 
anthracnose interaction and their relationships to adult plant 
resistance. Resistant (R) cultivars SC326-6 and SC599-1 IE 
and susceptible (S) cultivars BTx623 and B35-6 and RxS 
progenies were grown in a growth chamber and in the 
greenhouse. All were inoculated at 7,21,35,49, and 63 days 
after emergence. The 3-deoxy anthocyanidin phytoalexins 
luteolinidin, apigeninidin, ind caffeic acid ester of arabino-
syl 5-0-apigeninidin were ctracted from inoculated tissues 
and analyzed by HPLC. These compounds accumulated to 
greater concentrations in R and RxS materials than in S 
materials. These relationships were unaffected by the devcl-
opmental stage of the host. Thus, analysis of phytoalexins 
in juvenile plants appears to be a potential tool for identifi-
cation and incorporation of host resistance to C.graminicola 
in adult plants. 

Field experiments were conducted inthe summer of 1991 
at College Station to determine adult plant resistance to 
anthracnose in families derived from crosses between the 
resistant cultivar SC599- 11 E and susceptible cultivars B35-

6 and BTx623. Parents, Ft, and F2 derived F3 progeni:-s 
were grown in single rows and inoculated eight weeks after 
emergence. Reaction type and symptom severity were rated 
at maturity. Data showed that resistance to the isolate tested 
is controlled by a single dominant gene. Additional experi
ments will be conducted in 1992 at College Station, in 
Georgia, and in Puerto Rico to determine if this response 
pattern holds for races of anthracnose predominate in other 
locations. 

In an effort to use RFLP markers to identify resistance to 
anthracnose, DNA was extracted from two populations de
rived from the crosses of SC326-6(R) * BTx623(S) and 
SC599- 1E(R) * BTx623(S). Genomic clones from maize 
and sorghum are being selected on the basis of their ability 
to discriminate between resistant and susceptible parents 
digested with the restriction endonucleases EcoRI, EcoRV, 
HinII, BanH, and XbaI. Five clones were shown to reveal 
polymorphisms among the parents. Refinement of proce
dures are underway. 

Two nonsenescent (RTY.430 and B35) and two senescent 
(BTx378 and RTx7000) sorghums were used to identify 
variations in 14C assimilate export from leaves, partitioning 
patterns, nonstructural carbohydrate concentrations, and 
anatomical differences. Histological results showed that 
RTx430 had significantly smaller distances between minor 
vascular bundles and significantly smaller minor bundle 
phloem areas than the oher cultivars studied. Specific ra
dioactivity and concentrations of sucrose within the leaf 
punches of B35 were greater than RTx430, RTx7000, and 
BTx378 at all growth stages. Partitioning data supported the 
conclusion that B35 retained higher levels of 14C assimilate 
and sugars within leaf punches and the leaf exposed to 
14CO 2. Partitioning data within labeled leaves showed that 
sucrose concentrations increased gradually within labeled 
leaves of B35, BTx378, and RTx7000 over growth stages, 
but were unchanged for RTx430 at the different growth 
stages. When the whole plant partitioning of 14C assimiiate 
is considered, itappears that B35 has lost, or does not have, 
the ability to export carbohydrates out of the leaf effectively 
and allows buildup in both the leaf blade and culm. RTx430 
effectively exports sucrose to the panicle out of the leaf and 
culm. The percentages of 14C-label captured in the grain of 
RTx430, RTx7000, and BTx378 were significantly greater 
than that in B35 during grain fill. Conversely, the percentage 
recovery of 14C assimilate in the labeled leaf of B35 was 
greater. This may reflect the ability of B35 to osmotically 
adjust in times of water stress as shown by Khizzah. On the 
other hand, RTx430 showed consistently higher export rates 
than either B35, BTx378, or RTx7000. Leaf export, whole 
plant partitioning, and histological data suggest that RTx430 
and B35 have two distinctly different physiological and 
anatomical characteristics that are involved inphoto assimi
late export and partitioning and these are related to differ
ences in the stay-green characteristics of B35 and reduced 
progressive senescence in RTx430. This study suggests the 
opportunity to genetically manipulate physiological and 
anatomical differences between B35 and RTx430 to pro
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duce a plant with the ability to tolerate drought and charcoal 
rot and still produce a larger panicle and grain yield. 

West Africa guinea sorghums have stability of perform-
ance under very adverse production constraints. However, 
yield level of the guinea type is low on a unit basis. Do these 
sorghums possess genes for stability or is their low yield
performance providing stability? Convc,-ted guinea types
were used to study performance in contrast to zerazera, 
caudatum, and caffrorum types. Although the true architec-
ture of the guinea in Mali, etc. was not exl ressed in U.S. 
trials, plant type appeared to be important to performance. 
Extending the data from these ,horter converted guinea
plants to the tall photoperiod responsive types, guinea sor
ghums appear to have the ability to mature grain under stress 
environments by removing higher concentrations of nutri
ents and water from the culm (base upward removal). This 
both limits yield because of amount of nutrients and water 
available and provides stability because some grain is al-
ways matured. Although indications were obtained that 
yield genes and stability traits exist within guinea sorghums, 
the success of moving these into other sorghum types was 
not encouraging. However, ATx631 appeared to combine 
well with guinea sorghums. Pairwise squared distance be-
tween taxonomic groups was used to show diversity. This 
measure suggested more diversity between guinea sor-
ghums and three other groups studied, zerazera, caudatum, 
and caffrorum, than between any of the latter three when
paired. Therefore, these guinea sorghums appear to have 
evolve2 in at least restricted isolation. 

In Honduras, the hybrid ATx626*R.8503 was entered 
into PCCMCA multi-site trials by Dr. Francisco Gomez. 
This hybrid appears to be well adapted to short season 
sorghum production areas in Honduras, particularly in Olan
cho. The 1991 ITAT (International Tropical Adaptation
Trail) was grown at Comayagua 2'id Zamarano. Best 
adapted hybrids were ATx626*R.8503, ATx629*R.8503, 
ATx631*R.8504, ATx631*RTx436, ATx631*R.8510, 
A8106*RTx434, A8106*R.8504, A8618*RTx430, 
A8618*RTx436, ATx631*86EON366, AI*RTx430. and 
AI*R.8503. It appeared that A8618 was providing dcni
nant resistance to SDM at Comayagua. At Olancho, lie 
1991 IFSAT (International Food Sorghum Adaptation
Trial) expressed very high yield. Incidences of rust, zonate 
leaf spot, leaf blight, and anthracnose were high in the area. 
There were significant differences among hybrids for dis-
ease response. Of 40 hybrids in the trial, 20 had overall 
desirabilities of 1.6 or better. Those hybrids with the best 
ratings were ATx635*R.8606, ATx631*R.8510, 
ATx63 1*RTx436, ATx631 *R.8504, ATx63 I*(ADN55*B.
8204), and ATxARG-1*R.85 10. 

INTSORMIL involvement continues to grow in Para-
guay thanks to continuing support by Mennonites, Ministry
of Agriculture, USAID, and INTSORMIL. Currently the 
Mennonites produce hybrid sorghum seeds for grain, silage
and pasture, as well as an open pollinated variety for human 
food use. Everything from planting, to rouging, to harvest-

ing seed production fields, to cleaning seeds, drying, treat
ing, and bagging seed for sale is a functioning activity. We 
began with the production of a hybrid forage for grazing in 
1985 and have now progressed to the more difficult produc
tion of grain hybrid seeds. Now we are exploring production
of female parental basic stockseeds, the most difficult actv
ity. 

The trials which are a critical part of keeping current in 
new parental stocks and monitoring disease, etc. changes are 
on-going. We have scaled back on some of these and are 
modifying to look for better adapted females and males for 
the hybrid seed scheme. 

Sorghums used in Human Food 

Dorado (food use) 10T 
Hegari (food use) 10T 
Alex Red (food use) 2T 

Seed Sold (approximated) 

Alex Red 15T grain type (ATx378*RTx434)
 
Chaco-i 60T silage (ATx623*Hegari)
 
Fredy 801T pasture (modified 623*Grcenleal)

1844 22T duel purpose (1844*TMTx430)
 
Chaco 101 - silage & food (Mennonite Hegari)
 

Because of the success of Fredy and Chaco-i (and Chaco 
101), it is now estimated that 50% of all dairymen in the 
Mennonite Colonies use sorghum silage. Quality of the 
dairy animal feed is so good now that no longer is feed the 
limiting constraint to production of milk -but the constraint 
is the genetics of the milking cow. 

Because sorghum pasture types (Fredy) grow so well 
there are new uses emerging for these sorghums, especially 
as green manure. Drought tolerance and regrowth make the 
combination a very useful component in the farmer's sys
tems. We will be looking at some new types of sudan grass

derivatives to expand their usefulness in Paraguay.
 

Both parental A/B and R-lines and several Fl hybrids
 
were sent to India for evaluation from the project. Results
 
obtained and returned showed that ATx623, ATx629,
 
ATx63 1, and ATx635 were superior to 261 A and 2007A
 
Indiaji lines for performance in hybrids and overall desir
ability. ATx631*Dorado and ATx635*Dorado produce
 
more than 275% or 2.77 times the mean yields of CSH5 and
 
CSH9. 

Forty food quality hybrid sorghum!, (including the vari
ety checks of Sureno and Dorado) wc.e evaluated in Bom
bay and Fanaye, Senegal. Two trials provided the following
information. Based upon agronomic data and yield re.. 
sponse, eight hybrids appeared to fit the rainfall d171-ibution: 
AI55*RTx2817, A8610*R.8504, ATx635*80C2241, 
Al55*RTx4ji6, Al55*R.8504, AI*RTx436, A8606* 
RTx436, and ATx63 I*RTx436. Five of the ten best hybrids 
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had A155 as their female while the best males were RTx436, 
R.8504, and R.8509. In general, these hybrids were 2.3 days 
later than local types andweretan plant colorand goodwhite 
grain color (planted 8/2, harvested 11/2). In the second 
seeding the hybrids were again later than local checks and 
produced at heights of less than 1.5m. The most desirable 
hybrids in this trial were ATx631*80C2241, Al*RTx436, 
ATx631*R.8607, A8610*R.8607, ATx630*R.3338wx, 
A155*RTx436, A155*RTx2817, A155*80C2241, 
A8610*R.8504, and A155*R.8504. 

Significant variety/hybrid improvement of sorghums is 
underway in the U.S. which has implications worldwide. 
Improved food quality sorghums are useful as food re-
sources and as improved quality feed stocks. Research con-
tinues to d-efine the uses of white color grain produced on 
tan, red, or puple plants. Eight genes have been identified 
which affect quality of the grain when destined for food-
product usages. The absence of distracting color in the 
finished product is of utmost importance. Yield of usable 
grits, flour, or starch particles from harvested grain is also 
important. Until the present, there has been very limited 
market development in the U.S. for a quality sorghum. 
However, because of a favorable price to the manufacturer 
of food products and the increased availability of improved 
quality, sorghum is receiving more attention. Foremost at 
the present time is the increased demand of food quality 
sorghums for export where previously the U.S. could not 
meet the quality criteria imposed by some importei. 

Increased usefulness of white or light colored sorghum 
grain in formulated feeds is being recognized. There is 
research evidence supporting improved poultry and swine 
economics with white grain when compared to maize. How-
ever, therm are only scattered results which show pericarp 
color to be of importance in either efficiency of gain or rate 
of gain (except where tannins are involved). Basically the 
market is capitalizing upon cosmetic appeal of the light 
colored grain in producing a much lighter colored feed 
formulation. 

There are currently some yield advantages associated 
with white grain hybrids. These may persist because o basic 
biochemical reactions However, there are limitations to 
white grain hybri,!s alo, especially those associated with 
grain weatherin- and discoloration inhiglher humidity envi-
ronments. 

Valued added characteiistics and traits are just now mak-
ing their way into new hybrids for producers. Food quality 
giain, insect resistance, disease resistance, drought toler
ance, stubble grazing quality, mineral use efficiency, water 
use of efficiency, etc. are valed-added traits that go hand 
in hand with market deelopment. Without a high quality 
grain none of the other traits really contribute to a more 
viable product (resource). 

Wit. this basic statement of need and importance, Table 
1provides yield performance of the 1991 IFSAT at selected 

U.S. and international locations. ATx635, ATxARG- 1,and 
ATx631 continue to provide very high yielding hybrids 
when crossed to a wide array of good R-lines. Stability of 
performance is evident when looking at the rank of hybrids 
in the top 10 overall locations. 

In 1991-92 more than 24 IFSAT trials were sent to 
collaborators. This trial contains only materials which have 
white pericarp color and tan plant color with a few red plant 
color checks. ATx635 is a jointly developed and released 
female coming from ICRISAT, ICRISAT (Mexico), El 
Salvador, and Texas. ATxARG-1 is jointly released by 
Argentina and Texas. All the males used in these hybrids are 
from the Texas program except Dorado. Most of these 
hybrids did not only have excellent yield but also possess 
extraordinary leaf disease resistance and tropical adaptation. 

Sustainability of production is z.measure of a crop's 
success over time and across locations. To monitor 
germplasm usefulness and select unique combinations for 
exploitation, this oroject has established the ITAT (Intema
tional Tropical Adaptation Trial). In 1991-92 the trial con
tained 49 entries of which 10 were parental stocks. Thegoal 
of this tiial is to determine the type of germplasin best 
adapted to various climatic conditions. The 1991 ITAT was 
sent to 32 collaborators of which 22 were international. This 
set of discriminating parents and hybrids contain both feed 
grain hybrids and hybrids which possess food quality. 

Networking Activities 

Workshops 

To Liaofing Institute of Sorghum Research to train 75 
chinese sorghum workers iamodem sorghum plant breed
ing. Sponsored by UNDA. Aug. 26-Sept. 6, 1991. 

To Honduras, December 4-9, 1991 to evaluate INTSOR-
MIL/SRN/EAP collaborative research program and plan 
future research. 

To Australia, January 31-February 19, 1992 to participate 
in 2nd Australian Sorghum conference, Gatton College, 
Queensland, and to present discussions with farmers and 
sorghum growers at various field locations throughout 
Queensland. 

To Paraguay, March 9-14, 1992 to evaluate research 
activities and interact with collaborators on sorghum for 
human food, animal feed, etc. 

To Colon, Argentina, March 14-22, 1992 to collect data 
on coll,'orative trials and discuss research needs and long
range objectives. 

Worked with Mr. Farno Green (now deceased), Southern 
Baptist Convention, based in Mississippi, to develop a mis

sionary outreach activity in Zimbabwe. Developed a plant
ing guide and instructions on production. Interactioi, was 
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Table 1. 	 Performance ofwhite grain food quality sorghum hybrids (with two variety checks) at selected U.S. and
international locations using the 1991 IFSAT. 

Entry Pedigree C D E 	 F 0 H37 ATX635*86EON361 6421 8347 5709 	 6888 6841 132 ATX635*R8606 6956 	 7058 3714 9192 6730 230 ATX635*DORADO 6567 	 8082 6204 6048 6725 339 ATX635*87EON366 6919 7719 5015 7018 6668 422 ATX63 I*("X430*TX2816)-1-1-5-3-1-CI.CK.C 6619 6272 4692 8980 	 6641 59 ATXARGI*R8510 7659 6968 5587 	 6314 6632 621 ATX63I*(RTX435*V" 146)-CF2-CI-Ci-CI 7675 	 7825 3149 7719 6592 729 ATX635*84C7730 6645 7238 4974 	 6965 6449 85 AIXARGI*DORADO 7384 7539 3643 6747 6328 938 ATX63I*87EON366 6489 	 6916 4553 6674 6158 	 1023 ATX631*(TX435*TX430)-14-/2-L5.B1 6700 7096 4220 	 6466 6121 1113 ATX630*R3338wx 5880 7226 4935 	 6384 6106 1227 ATX63I*RTX436 5756 5701 4123 8706 6072 1319 ATX631*((TX430*TX2816)-1-1-5-3-1*X435). 5693 	 6518 4248 7608 6017 1414 ATX630*RTX436 5916 	 6828 4580 6417 5935 1524 ATX631DORADO 4823 	 6554 6053 6222 5913 1631 ATX635*RTX436 6324 6535 3738 7008 5901 	 1716 ATX631*((SC120*TX7000)*TX7000).10-4.6-2. 6621 6221 3469 	 7111 5856 1826 ATX63I*86EON361 4205 7066 4803 	 7260 5834 1917 ATX631*((SC120*TX7000)*-X7000).10-4.6. 
2. 5432 6431 4538 6797 5800 2040 ATX635*87EON366SIS 6939 5774 3975 6403 5773 	 211 SURENO 
 5896 	 5697 4376 7099 5767 2228 ATX631*R8510 5013 	 6120 3780 7520 5608 2333 ATX635*R8608 5456 7041 3593 	 6219 5577 2434 ATX635*80C2241 6058 6056 3565 6314 5498 2520 ATX631*(ADN55*B820)-F2-BI-BI-B2.BI.T6.C 4694 6623 3138 7173 5407
18 ATX631*((SC120*TX7000) *TX7000). 2. 4786 

26
 
0.4 .6.	 6245 3662 6815 5377 274 MALISOR-84-7 5104 5790 3632 	 6518 5261 2835 A155"((SC120*TX7000)TX430)-4-1-1.2.OP.2* 4965 6113 3406 6179 5166 297 ATXARG1"R8504 5076 	 6481 2901 6181 5160 3010 ATXARGI*R8511 4347 	 6975 2635 6648 5151 3115 ATX63I*((SC120*TX7000)*TX430).4-1.3.1. 

3 4959 5500 3311 6584 5089 	 3211 ATXARGI*R8605 4509 6174 2166 7451 5075 336 ATXARGI*RTX435 4427 6562 2673 6435 5024 3412 ATXARG1"*10C2241 3842 	 6374 2398 7322 4984 352 DORADO 4022 6122 2928 6569 4910 368 ATXARUjI*RTX436 4153 6343 2392 6697 	 4896 3725 ATX63 I*RTX435 5494 	 4974 3348 5487 4826 	 3826 ATX631*R8504 3684 	 4334 3075 7776 4717 393 VG53 4567 4628 1962 6530 4422 40 
C = College Station, IX F = Guatamala
 
D = Lubbock, TX 
 G = Mean kg/ha
 
E = Zanarano, Honduras 
 11= Rank of means 

established with local villages, ICRISAT, and U.S. based Dr. Vartan Guiragossian, ICRISAT, Nairobi, Kenya, Aumissionary programs. gust 18, 1991 (study leave) 

Research InvestigatorExchanges Five Mexican Cattlemen - Ja!isco Cattleman's Union, 
November 12, 1991Mr. Ian Jarvie, Pannar Seed Company, Greytown, South

Africa. August 7-8, 1991 Mr. Antonio Christian, Guatemala, discussed sorghum 
inbred lines for hybrids.


Mr. Dries Booyens, Pannar Seed Company, Klerksdorf,

South Africa. August 7-11, 1992 Germplasm andResearch Information Exchange 

Mr. Eliseo 	Juncos, Colon, Agrentina, Augumt
1991 

11-17, In 1991, 27 sorghums were introduced from Kenya
which Dr. Vartan Guiragossian had identified with resis
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Table 2. Seed stocks distribution from College Station, TX durin 1991-1992. 
International Domestic
 

Materials No. of accessions No. of requests No. of accessions No. of requests
 

627 55Varieties 279 28* 

F2 populations 20 1 

17 289 18Breeding stocks 1184 

Hybrids seeds 68 6 30 9
 

Trials 48 20 23 10
 

1599 72 969 92 

*24 diffcrmt countries 

lance to Striga, aphid resistance, and drought resistance. Sorghum selections were made and entered into coopera-
Most of these are tan plant color with white translucent tive international trials including the ADIN, IDIN, GWT, 
seeds. Twenty inbred lines were provided by Queensland IDMN, IAVN, UHSN, and several drought screening nurs-
Primary Research. These materials were basically drought eries. 
resistant B35 derivatives and some possess very good levels 
of midge resistance. One of the excellent examples of Provided leadership as major professor to seven graduate; 
germplasm exchanges come from the seed distribution from students in plant breeding and served on graduate commit-
Liaoning Academy of Agricultural Sciences. Fifteen B-lines tees for six other graduate students at Texas A&M Univer
were received and all had one parent in their parentage from sity. 
Texas A&M. In addition, 14 R-lines were received, all had 
one PRC parent and the other parent was from Texas A&M Developed field lectures for international and domestic 
or ICRISAT. Useful genes for maturity and leafiness were exchanges of information in Beeville, Corpus Christi, Rob
introduced from Honduras, 31 lines. Forty-nine S.verticil- stown, Weslaco, Lubbock/Halfway, and College Station, 
liflorum collections were introduced from ICRISAT in an TX. Presented field tours to delegations from Mexico, Co
effort to broaden the base of germplasm available among lombia, South Africa, China, Argentina, Mozambique, 
pasture type sorghums (sudangrass). Twenty-six elite low- Kenya, and Uganda. 
land inbred ines were introduced from Mexico in early 
1992. Fifty-nine highland cold tolerant short season sor- Publications and Presentations 
ghuni inbred lines and breeding populations were obtained 
from ICRISAT. These materials will be evaluated for seed Publications 
set capability, disease response, and earliness before cross
ing into theTAM- 121 breeding stocks. During this reporting Rood, S.B., J.E. Witbeck, DJ. Major, and F.R. Miller. 1992. Gibberellins 

and hrtcrosis in sorghum. Crop Sci. 32:713-718.
period, 241 introductions were obtained for use in the breed- Duncan, R.R., PJ. Bramel-Cox, and F.R. Miller. 1991. Contributions of 
ing program of TAM- 121. introduced sorghum germplasm to hybrid development in the USA. In 

Use of Plant Introductions in ("ultivar Development (Part 1)ed Shands, 
H.L. and L.E. Wiesner. Crop Science Special Publication Number 17;

Witbin the projct, basic breeding stocks were increased Chapter 5,pp. 69-102. 
for distribution. The old line nursery, new germplasm Beall, F.D.. P.W. Morgan, L.N. Mander, F.R. Miller, and K.. Babb. 1991. 

stocks, breeding lines, F2 populations, converted lines from Genetic regulation of development in Soighum bicolor. V. The ma3R 
allele results in gibbercllin enrichment. Plant Physiol. 95:116-125. 

the Sorghum Conversion Program, several cytoplasm Wanous, M.K., F.R. Miller, and D.T. Rosenow. 1991. Evaluation cf visual 

sources, and numerous experimental hybrids were increased rating scales for green Icaf retention in sorghum. Crop Sci. 31:1691

for distribution to international and domestic collaborators. 1694 
More than 2500 different sorghum cultivars were distrib- Pietsch, D., R. Gass, D.T. Rosenow, F.R. Miller, and G.C. Pcterson. 1991. 

1990 Grain sorghum performance tests in Texas. Texas A&M Univer

uted during this reporting period. These materials included sity, Dept. of Soil & Crop Sciences. Technical Report 91-2. 

both old and new enhanced stocks possessing resistances to Tenkouano, A., F.R. Miller, and D.T. Roscnow. 1991. Genetic control of 
nonsenescence, a post-anthesis drought resistance d,aracter, in sor

various diseases, insects, drought stress, temperature stress, ghum. Crop Sci. (TA-30027). 
genetic stocks for maturity, height, seed and plant charac- Esele, J.P., R.A. Frederiksen, and F.R. Miller. 1991. The association of 

teristics, tropical adaptation, and other breeding traits. Dur- genes controlling caryops*s traits with grain mold resistance in sor
ghum. Phytopathology. (accepted) 

.ng the winter greenhouse crossing program, 268 different Tenkouano, A., F.R. Miller, R.A. Frederik.en, and D.T. Rosenow. 1991. 

crosses were made and F1 progenies of 2750 plants were Dominant and recessive gene interactions determine resistance to char

coal rot in sorghum. Theo. and Appl. Genetics (in press)established. Currently 236 F2populations were available for 
Theu, MP.KJ., R.W. Toler and F.R. Miller. 1992. Increased host range of 

distribution to collaborators. In addition, 30 International sorghum yellow banding virs in sorghum cultivars. Tex. Agri. Exp. 
Tropical Adaptation Trials, 12 International Food Sorghum Sta. MP-1739. 

Miller, F.R., T.F. Dusek, K.L. Prihoda and L.W. Rooney. 1992. Registra-Adaptation Trials, 3 International Sorghum Virus Nurseries 
tion of RTx436 sorghum parental line. Crop Sci. (in press)

and many sets of other materials were distributed. Table 2 Miller, F.R., T.F. Dusek, K.L. Prihoda. 1992. Registration of A2IBZTx636 
shows the distribution of materials from the program. Dur- and A2/B2Tx637 sorghum. Crop SCi. 32:511-512. 

Miller, F.R., Christian Domanski and Laura M. Giorda. 1992. Registrationing the year, 164 eparate seed requests were handled. 
of A/BTxARG-I sorhum. Crop SCi. (in press). 
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sity, Department of Soil & Crop Sciences Technical Report. 92-2. 
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Star Vol. _. U.S. Agency for International Development, Washing
ton, D.C. 
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bicolor (L.) Mo,ich] under induced drought stress. Ph.D. dissertation, 
Texas A&M University, College Station, TX. 

Dahlberg, Jeffery. 1992 Variation of 14C assimilate export and partitioning 
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bicolor (L.) MoenchJ and the potential use of anatomical features as a 
genetic marker for variation in sorghum. 1992. Ph.D. dissertation, 
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Summary 

The principal objectives of TAM-122 are to identify and 
develop disease resistant and drought resistant sorghum 
germplasm in genetically diverse backgrounds for use by 
host country and U.S. scientists, and to collaborate with host 
country scientists, especially those in Mali, Honduras, and 
Sudan, in all aspects of their crop improvement programs. 

The disease and drought resistance breeding program 
continued to develop excellent germplasm for use in the 
U.S. and host countries. New cultivars were introduced into 
the U.S. and evaluated for useful traits. New breeding 
germplasm was developed from new crosses. This new 
segregating material plus other sorghum lines, germplasm, 
and hybrids was used in the U.S. and distributed to LDC 
collaborators. 

Ten white seeded or yellow endosperm male parental 
lines were jointly released by Purdue and Texas A&M, and 
were developed partially in cooperation with the Sudan 
sorghum program. 

From the cooperative TAMIJ-TAES/USDA-AAS Sor
ghum Conversion Program, 110 new fully converted lines 
were released, providing new diverse germplasm for use in 
sorghum improvement programs worldwide. 

Over 3,100 sorghum cultivars of known Sudan origin 
were planted in Sudan in 1991 for seed increase, classifica
tion, description, evaluation, and correcting. Seed and de
scriptive traits will be made available to all sorghum 
researchers. 

Resistance to the head bug in Mali is inherited as a 
recessive trait and appears to be multigenic in nature. Cor
neous endosperm alone does not appear to give resistance 
to head bug. 

Two new sources of good resistance to the head bug were 
identified in Mali, R6078 and BTx635(BVar). 

F2's involving Maicillos Criollos from Honduras segre
gated well for a broad range of maturity in southern Mali, 
providing a useful source of late maturity for long rainy 
season regions. 

The resistance to Striga in SRN-39 appears to be ex
pressed under natural field Striga infestations in Mali. 
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Objectives, Production and Utilization Constraints 

Objectives 

Enhance the germplasm of LDC's by developing and 
distributing early generation breeding germplasm involving 
genetically improved disease and drought resistance and
other desirable traits for use and selection in host countries 
with emphasis on Honduras, Sudan, Mali, and Niger. 

Develop high yielding cultivars for LDC's and the U.S. 
with genetically enhanced resistance to internationally im-
portant diseases with emphasis on downy mildew, charcoal 
rot, grain mold/weathering, anthracnose, head smut, head 
blight, viruses, and acremonium wilt. 

Develop through breeding and selection, high yielding,
agronomically desirable types with superior combination of 
pre- and post-flowering drought tolerance for use in the U.S. 
and host countries, 

Identify, in basic sorghum germplasm lines, new sources 
of drought tolerance and resistance to diseases of impor-
tance in the U.S. and LDC's. 

Collect new sorghum germplasm and evaluate for traits 
needed in the U.S. and developing countries, and introgress
these traits into improved lines, 

Constraints 

Drought is the major constraint to sorghum and millet
production around the world. Large differences have been 
demonstrated among sorghum cultivars in their reaction to 
drought and performance under drought stress. Texas has a 
semiarid environment and high temperatures and isideal for 
large scale field screening and breeding for improved 
drought tolerance. Sorghums with identified high levels of 
specific types of drought tolerance in Texas, such as pre-or
post-flowering drought tolerance, perform as expected re-

garding drought response in other countries of the world,

including Sudan, Mali, and Niger. However, other adapta-
tion traits such as grain quality and disease resistance must 

be combined with drought resistance to make a new cultivar 

useful. 


Diseases are important worldwide but specific diseases 
are often region or site specific, and on-site evaluation is 
necessary to determine severity and possible race differ-
ences. Most of the internationally important diseases are 
present and are serious constraints in Texas, especially
downy mildew, charcoal rot, grain mold/weathering, head 
smut, head blight, and MDMV. Many other diseases such 
as anthracnose, leaf blight, rust, zonate, and gray leaf spot
are also present in Texas. The Texas environment, particu-
larly South Texas, is ideal for screening and breeding sor-
ghums with high levels of resistance to most internationally 
important diseases, 

In Sudan, the major constraint is drought, and drought
related production problems. Moisture-stress related car
coal rot and subsequent lodging is a serious disease problem.
Many U.S. sorghums perform quite well in Sudan, but 
improved drought resistance, local adaptation, and kisra 
food quality are needed. 

Mali and Niger are both drought prone areas. Thus,
drought tolerance, including both the pre- and post response, 
is extremely important to both countries. Foliage diseases
such as anthracnose and sooty stripe are important in the 
central and southern parts of Mali. Long smut is very im
portant in Niger and in the drier northern portion of Mali. 
High yielding improved introductions often fail in West 
Africa due to the head bug - grain mold - grain quality
complex, stand establishment problems, improper maturity, 
or lodging, whereas the local sorghums appear well adapted.
Head bugs appear to be the major constraint for the use of 
nonguineense type sorghums in much of West Africa. Head 
bug damage is often compounded by grain mold resulting
in a soft and discolored endosperm, rendering it unfit for 
tmditional food products. The early maturity of introduced 
types also compounds the grain deterioration problem.
Therefore, head bug resistance, grain mold/weathering re
sistance, and proper maturity are essential. In southern Mali,
later maturing, photoperiod sensitive sorghums are needed 
to assure grain maturity after the rainy season. In the drier 
northern areas of Mali and in Niger where drought stress is 
severe, earlier, less photosensitive material can be used, and
drought tolerant Durra and Feterita sorghums generally 
perform well. 

Striga is a major constraint in Mali, Niger, and Sudan,
and soil toxicity problems are important in Mali and Niger.
Genetic sources of resistance to Striga and soil toxicity
problems are used whenever possible in crosses involving
disease, drought, and head bug resistance to develop breed
ing progeny for selection in host countries. 

In Honduras, diseases are a major constraint, including

downy mildew, fbliar diseases, acremonium wilt, and the
 
grain mold/weathering, food quality complex. Drought is 
also important in Honduras and the Central American Re
gion. Improvement in the photoperiod sensitive, food-type
maicillos cdollos grown in association with maize on small, 
hillside farms in southern Honduras (as well as insoutheastGuatemala, El Salvador, and northwest Nicaragua) is a 
unique chdlenge, and the breeding and selection must be 
done under the specific daylengths and environment in the 
host region. Improvement in the nonphotoperiod sensitive 
combine-type sorghums used over much of Central America 
can result directly from introduction of Texas adapted cul
tivars or hybrids. 

There is a constant need for new diverse germplasm 
sources of resistance to pests, diseases, and environmental 
stress. New collections can provide new sources of desirable 
traits. 
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Research Approach and Project Output 

Research Methods 

Introductions from Mali, Sudan, Niger, Honduras, Zim-
babwe, Zambia, Botswana, Somalia, Senegal, and ICRISAT 
with desirable drought or disease resistance, or specific 
desirable grain or plant traits, were crossed in Texas to 
appropriate elite U.S. lines and elite breeding materials. 
Seed of the early generations was sent to LDCs, particularly 
Sudan, Mali, Niger, and Kenya, for selection of appropriate 
traits and adaptatior. Technical assistance is provided, as 
timeand travelpermitted, in the selection and evaluation and 
use of such breeding material in the host country. 

New breeding material was generated from crosses 
among various disease resistant sources, agronomicallyelite 
lines, and new sources of resistance. Advance generations 
of breeding lines also were selected in 1991. Initial screen- 
ing was done in large disease screening nurseries utilizing 
natural infection in South Texas, supplemented by artificial 
inoculation in the field and laboratory screening. Selected 
advanced materials were sent to LDC's for evaluation and 
incorporated into various standard replicated trials for ex-
tensive evaluation at several locations in Texas and host 
countries. 

New breeding crosses among various sources of drought 
tolerance (i.e., pre- and post-flowering drought tolerance) 
and elite, high yielding lines were made. Progeny were 
selected under field conditions for pre- and post-flowering 
drought tolerance, yield, and adaptation at several locations 
in West Texas in the Lubbock area and at Chillicothe. The 
locations vary in their degree and time of moisture and heat 
stress. Selected advanced materials were sent to LDC's for 
evaluation and use, as well as incorporated into standard 
replicated trials for extensive evaluation at several locations 
in Texas and host countries. 

Converted and partially converted lines from the Sor-
ghum Conversion Program, exotic lines, new introductions, 
and breeding materials were screened and evaluated in 
Texas for new sources of resistance to internationally im-
portant diseases and resistance to drought. 

New sorghum germplasmn was collected from several 
countries, introduced into the U.S. through the quarantine 
greenhouse, and evaluated in Puerto Rico and Texas for 
useful traits. Selected cultivars were designated for entry 
into the cooperative TAES-USDASorghum Conversion 
Program. Cultivars that were not photoperiod sensitive and 
with known merit were incorporated directly into the regular 
breeding program. 

ResearchFindings 

A large number of new crosses and new sorghum breed
ing material was generated for use both in the U.S. and Host 
Countries. The crosses involve lines with sources of drought 

and disease resistance as well as otherdesirablc traits includ
ing head bug resistance, Striga resistance, lodging resis
tance. improved grain quality, sugarcane aphid resistance, 
and resistance to the acid soil/toxicity problem of West 
Africa. Much of the resulting F2 and early generation 
germplasm was planted and selected in Texas as well as sent 
to various host countries for selection and use. Some of the 
breeding progeny involving Malisor 84-7 and such lines as 
Sureflo, Dorado, M90318, 86EON361, and 87EON366 
show outstanding potential in Texas for use in the U.S. and 
Latin America as improved food type sorghums. 

In Texas, the disease resistance and drought resistance 
breeding programs continued in 1991 with large field 
screening nurseries for disease and adaptation in South 
Texas, and large field screening drought nurseries in West 
Texas. The disease nurseries were excellent while the 
drought nurseries had moderate stress. Major diseases 
evaluated were downy mildew, head smut, grain 
mold/weathering, charcoal rot, and anthracnose. 

Recombinant F 6 inbred lines involving the "stay green" 
(post-flowering drought resistant) line, B35, were devel
oped for use in RFLP and RAPD genome analysis of the 
"stay green" and other drought tolerant traits. 

Ten white-seeded, tan-plant or yellow endosperm male 
parental/breeding sorghum lines developed cooperatively 
with Dr. Gebisa Ejeta, Purdue University were jointly re
leased by Purdue and Texas A&M in late 1991. These lines 
are designated 89001 through 89010. These lines resulted 
from crosses of elite U.S. parental lines with sorghum lines 
identified by Dr. Ejeta as drought resistant in Sudan. The 
released lines were selected on the basis of evaluation of 
lines and in hybrid combinations in Texas, Indiana, and 
Sudan, and should be useful as pollinator parents of hybrids 
in the U.S. and in Sudan. 

One hundred and ten new fully converted lines from the 
cooperative TAMU-TAES/U.S.DA-ARS Sorghum Con
version Program were released. One set of 60 was released 
in January, 1992 and a set of 50 was officially released in 
mid-summer, 1992. A listing of the released lines is shown 
in Table 1.They should be useful sources of diverse pho
toperiod insensitive germplasm for boih public and private 
sorghum improvement programs throughout the world. 

In Honduras, rust was severe at Zanorano, but several 
entries in the TAES All Disease and Insect Nursery (ADIN) 
and Grain Weathering Test (GWT) showed excellent resis
tance. Data on selected lines from those tests with good rust 
resistance or excellent agronomic desirability are presented 
in Table 2,along with the numberof downy mildew infected 
plants in the Pathotype 5Downy Mildew Nursery at Comay
agua. Some of these lines appear to possess resistance to P5 
downy mildew. 
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Table 1. Converted sorghum releases from the Sorghum Conversion Program and information on the original 
exotic cultivars. 

Designation' SC No.2 Group 3 Fertility4 

reaction Origin Designationl 
2 

SC No. Group3 
Fertility4 

reaction Origin s 

Group A (Set of 60) IS11443C 1014 DurDoc R Ethiopia 
IS121C 770 CauKaf R Swaziland IS11549C 1017 SubDurDoc R Ethiopia 
S219C 635 Caffr B U.S.A IS11624C 1022 Sub R Ethiopia 

IS 1044C 817 Durra R India 
IS1186C 435 Rox R India IS11637C 1025 Sub P Ethiopia 
IS1213C 609 NervKaol B China IS11792C 975 Sub R Ethiopia 

IS12156C 982 Zeta R Ethiopia 
IS2225C 659 CaffRox B U.S.A IS12170C 1038 DurDoc R Ethiopia 
S2510C 259 Consp R Sudan IS1217 1C 1039 SubDurDoc R Ethiopia 

IS2615C 951 Rox P Sudan 
IS2618C 600 Rox R Sudan IS12604C 99 Consp R Nigeria 
IS2748C 598 S.virg B Uganda IS17208C 1069 CauKaf R Nigeria 

IS17209C 1070 CauKaf R Nigeria 
S2821C 649 CaffBprf B Rhodesia SC970C 970 CauNig R Uganda 
S2840C 673 CaffFet B Rhodesia SC1056C 1056 Caud R Sudan 

IS2856C 650 Caffr B So. Africa 
IS2368C 620 Doch B So. Africa Group B (Set of50) 
IS2872C 851 Durra B Egypt IS399C 935 SubMilo - U.S.A? 

IS648C 950 CauBic B U.S.A 
IS2904C 568 Caud B Nigeria IS 1105C 192 Cem R India 
IS2990C 593 Sub P Ethiopia 1S 1596C 213 DocLeoti P India 
S3138C 627 Caffr B So. Africa IS2454C 682 NigFet R So. Africa 
S3155C 700 Caud R So. Africa 

IS3196C 941 Sudan Seg U.S.A IS2463C 42 Ni&Guin P Ethiopia 
IS2562C 734 CauKaf B Sudan 

IS3201C 937 Sudan P U.S.A S2655C 113 CauNig R Uganda 
IS3212C 942 Sudan R U.S.A IS2681C 324 Nigr R Uganda 
S3340C 755 Svaim R U.S.A IS2820C 797 Zea - Zimbabwe 
S3389C 773 CauKaf R China 

IS3402C 757 CauKaf B Botswana IS3056C 430 Durr B Ethiopia 
1S3515C 323 Nigr R Sudan 

IS3511C 774 CauKaf R Sudan IS3693C 632 Caffr B U.S.A 
IS3546C 751 CauKaf R Sudan S4307C 1085 Cern B India 
S3568C 716 Call R Sudan IS4370C 826 Durra B In,-'ia 

IS3587C 731 Caud R Sudan 

IS3623C 350 Caud R Nigeria IS4382C 827 Durra P India 
IS4572C 831 Durra P India 

IS4430C 863 Durra B India IS5457C 1109 DocRox R India 
S4822C 875 Durra P India IS5651C 839 Durra R India 

IS5037C 910 DurMemb B India IS5839C 919 Nand P India 
IS5066C 958 Durra R India 
IS5146C 454 Durra R India IS6213C 516 Rox R India 

1S6893C 1111 Nigr R Sudan 
IS5437C 762 CauKaf R India IS6899C 913 DurBic R Sudan 
IS6057C 782 CauNig B India IS6948C 730 Caud R Sudan 
S6153C 902 Durra R India IS7017C 339 Caud R Sudan 

IS6164C 624 DocDur B India 
IS6330C 842 CauNig B India IS7072C 779 CauKaf P Sudan 

IS7302C 1116 Caud R Nigeria 
S6920C 756 CauKaf R Sudan IS7590C 1229 Consp - Nigeria 

IS7098C 784 CauNig R Burkina Faso IS7649C 956 Consp B Nigeria 
S7156C 807 CauDur R Rhodesia IS7797C 1123 Consp R? Nigeria 

IS7243C 781 CauKaf R Nigeria 
S8088C 712 Caud B Japan IS7801C 1124 Consp P Nigeria 

IS7808C 1125 Consp R Nigeria 
IS8120C 749 CauBic B Japan IS8093C 705 Caud R Japan 
S8264C 680 Dobbs R India IS8136C 422 Zea R India 
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Fertility4 Mali
3
1 Origin 5 

Designation SC No.2 Group reaction 

IS9370C 1080 Caffr B So. Africa Head bug resistance appears to be inherited as a recessive 
trait and to be quantitative in nature. Several Malisor 84-7 

ISI1365C 1046 Durra R Ethiopia derivative breeding lines selected in Texas for grain hard-
IS11343C 1049 Durra R Ethiopia ness and grain mold/weathering resistance were evaluated 

Ethiopia in Mali under severe head bug pressure. Only a few showed 
IS11894C 1033 SubDur R 
IS11894C 1033 SubDDoc R Etopia acceptable levels of head bug resistance, indicating that 
1S12018C 1160 Sub Seg Ethiopia endosperm hardness alone does not result in head bug 

resistance. It also indicates that the trait tends to be recessive 

IS1251C 979 Za R EtSioa and multi-genic, and that the most efficient method of 
1512571C 61 Consp R Sudan 

selection for resistance is under head bug infestations. Ex-
R KenyaIS12582C 73 Sumac 

Ethiopia perimental hybrids planted at Sotuba and Cinzana with 
IS12631C 140 DurDoc B 

CauKaf Senegal Malisor 84-7 and the Malisor 84-7 derivatives mentioned 
IS17206C 1067 R 

above indicated the recessive nature of head bug resistance. 

1072 Caffr Seg Nigeria However, many hybrids showed excellent expression of 
IS17211C 


Zera R Nigeria yield, indicating a good potential for increasing yield
SC1103C 1103 

SCII04C 1104 CauKaf R Uganda through the use of adapted hybrids. 
SC1172C 1172 CauBic B U.S.A 

Results from two years of intensive screening of a broad
SCI203C 1203 NigGuin R Brazil 

i-ange of sorghum germplasm for head bug resistance by Dr.'Designation of converted lines was obtained by addiing C to the IS number used 
inthe World Sorghum Collection. Those without an ISnumber were given aC Y.Doumbia in Mali indicate that the most resistant geno
following the SC number 

types include Malisor 84-7, as well as R6078 (SC170-6
7'rheSCnunberisthe erialnumberdesignation given to theexotic variety used in 

the Sorghum Conversion program during conversion. 17 *MR4-4671), a red seeded, veathering/grain mold 
3Ihe group number and name of the exotic variety isbased on a Modified resistant line developed in Texas, and BTx635 (BVar), a 

Snowden's Ca ,sification used to classify the World Sorghum Collection. See B.R. 
Murty, et &l., 1967. Classification and catalogue of a world collection of sorghum white-seeded, n-plant parental line cooperatively released 
ndia 1. Gm &Pl. by Texas and ICRISAT/LASIP. This line also has excellentBreeding 27:1-312. 

4'he fertility reaction as determined from crosses between amilo-kalir genetic- head smut resistance in Texas, a moderate level of stay green 
cytoplasrmic, mile sterile (Ai) plant and the exotic line: R=Restorer (progeny all 
male fertile);B an.aintainer(progeny all male sterile); P-partial rcstorer (progeny) (post-flowering drought tolerance), and produces high 

from 5-80% weed ae Seg-pogeny segregate male sterile and male fertile, yielding, agronc Tically desirable hybrids in Central Ainer
'"Origin" indicates the indigenous country of origin ofeach exotic line insofar as ica and Mali. 

records indicate. 

Table 2. Data on selected entries from the ADIN and GWT, Zamarano and Comayagua, Honduras, 1991. 
Desirability' Rust2 Down mildew 

Designation (ZAM) (ZAM) IOMA 

87BI18606-6/((Tx433*(SC748*SC630)) 1.8 2.8 0 

88B IOI6/(Tx43U*RI0)-15 1.6 4.0 17 

MB 108B 1.5 3.5 46 

286EON361 1.7 3.0 

0
Sureno 1.8 3.0 
01.9 3.0R6078 

387EON366sia 2.0 2.0 

BI 1.9 3.0 0 

2.3 2Tx2883 2.0 
2.4 4SC326-6 2.5 

90EON328/(Sureno*BDM499) 1.9 3.5 0 

86EON362 2.0 2.8 0 
087EON366 1.6 1.9 

0
82BDM499 1.9 4.5 

B86 18 2.0 3.2 0 

90CW8147/(BDM49*87E0N366) 2.0 2.1 0 

88BD 1749/(R4317"1SC425) 2.3 2.4 0 

TxT078(Check) 2.5 4.5 8 

TAM428(Check) 1.7 3.0 1 

3.5 7SC414-12E(Check) 2.0 
2.2TP2IR02-106.3 1.8 
2.1SC 1123-11 E 3.8 

85C13082/(CS354 I1TAM428) 1.8 1.9 

90BE3533/(R6078dcr.) 1.8 2.2 

'Desirability rating 1-very good, 5-very poor 
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Table 3. Performance of selected entries from the International Food Sorghum Adaptation Trial (FSAT) at 
Cinzana, Mali, 1991. 

Days to Plant Desirability' Sooty stripe3 Grain quality2 Dehull yield4 Grain yields
Hybrid/Cultivar 50%flower Height (In) rating rating rating (%G (ilda) 
ATx63 IDorado 62 2.2 1.9 3.0 3.2 49 5.02(1)
AAig34*orado 60 1.9 1.8 2.8 3.5 52 4.84(2) 
ATx635(A Var)*Dorado 61 1.81.9 3.0 3.0 67 4.11(3)
ATx630*R8505 58 1.6 2.6 4.0 3.2 68 3.84(4) 
ATx635(A Var)487EON366 59 1.7 2.0 3.5 3.0 74 3.36(5)
AVar*R8608 60 1.7 2.0 3.5 3.0 51 3.15(6)
ATx630*R3338wx 60 1.5 2.5 2.0 3.0 64 3.09(7) 
ATx631*87EON366 60 1.5 2.0 3.5 3.2 51 2.98(11) 
AVar*86EON361 62 1.71.7 2.5 3.0 56 2.97(12)
ATx631 *86EON361 64 1.71.5 2.5 3.0 48 2.89(13) 
AVar*0C2241 56 1.7 2.9 4.5 594.3 2.77(15)
VGI53 66 2.4 2.6 3.0 2.5 64 2.73(16) 
AVar*R8505 57 1.8 3.0 4.2 4.0 68 2.73(16) 
ATx631"R8505 55 1.5 3.2 4.5 4.2 49 2.31(26)
Dorado 65 1.5 2.5 3.5 2.5 76 2.31(26) 
Sureno 66 2.1 2.3 3.0 2.3 63 2.27(29) 
Malisor 84-7 66 1.3 2.6 2.5 2.0 70 2.04(34) 
AArg34*R8505 56 1.4 3.2 4.8 4.8 1.51(39)
AArg34*8(C2241 56 1.3 3.4 4.5 4.8 52 1.38(41) 

Mean yieid=2.59 t/ha; CV-23% 
tPlanted July 16, 1991. Cooperative IERANTSORMIL trial. Ratings by D.T. Rosenow on one replication only. Other data taken on three replications. 
2Rating:l -very good, 5-very poor. Grain quality rating is on combined head bug and grain mold, but primarily head bug.3
Rating: 1-very resistant, 5-very susceptible.

4Dehulling (decortication) yield inpercent (higher=heurer) by IER Cereal Technology Laboratory.

3Number inparetnkiasii is rank inyield of 42 entries.
 

Malisor 84-7 continues to show excellent potential as a range of maturities present among individual plants. The 
source of head bug resistance in Mali, with several progeny Maicillo derivatives should be a useful source of late matur
of direct crosses with Malisor 84-7 looking very good. They ity for southLrn Mali. It appeared, however, that the grain of 
combine head bug resistance with other desirable traits such the progeny were very susceptible to the head bug/grain 
as tan plant and appropriate height, maturity, and head type. mold complex. F3 progenies were planted in southern Mali
 
Several will be extensively tested innational yield trials over in 1992.
 
Mali in 1992.
 

Forty F3 selections from the cross (SRN-39*Malisor
Grain yield from the International Food Sorghum Adap- 84-7) were sent from Texas and evaluated under natural


tation Trial (IFSAT) at Cinzana, Mali was excellent in 1991, Striga infestation at Katibo'igou in Mali in 1991. Ten F3's

with the top three yielding entries being hybrids 
 with were selected for further use based on Striga infestation and
Dorado (Table 3 ). However, head bug/grain mold damage grain yield. It appears that the resistance of SRN-39 is 
was severe, along with sooty stripe. The overall field grain expressed under natural Striga infestations in Mali. 
quality ratings generally correlate well with the dehulling
yield, with poor quality (high rating) giving low dehulling Sudan 
yield. The head bug resistance of BVar (BTx635) consis
tenly expressed itself in the grain from its hybrids, as The Sudan Sorghum Collection of over 3100 items was 
compared to grain from comparable ATx63l or AArg34 grown at Wad Medani, Sudan in 1991, as a collaborative
hybrids. This line may be very useful a source of head bug effort among the ARC, INTSORMIL, ICRISAT, and 
resistance in B-line breeding programs in West Africa. The U.S.DA/ARS. This included all sorghur . ltivars of known
lines Sureflo, Dorado, and VG153 show some resistance to Sudan origin, including those in fie World Sorghum Col
head bugs, along with Malisor 84-7, based on grain quality lection at ICRISAT, from various sorghum researchers in
ratings and decortication yields. Sooty stripe probably re- the U.S., as well as those held in various collections in 
duced yield in the highly susceptible entries. Sudan. The items were described, classified, and evaluated 

for possible inclusion in a Working Collection. Seed was
Several F2 populations involving tie late-maturing, pho- increased, with a set of the seed and the data and notes are 

toperiod sensitive Maicillo Criollo or Improved Maicillo to be made available to the USDAand the GRIN system in
Criollos developed by Dan Meckenstock, INTSORMIL the United States. Professor Mahmood, retired Sudanese 
breeder in Honduras, were planted in southern Mali near breeder, and K.E. Prasada Rao, ICRISAT Genetic Re-
Sikasso. Segregation for maturity was excellent with a wide 
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sources, assisted in the classification, description, and resistance of sorghum at three producer meetings in sor
checking of correctness of entries. ghurn production areas of Queensland. 

The drought screening nursery at Wad Medani was ex- Coordinated six week sorghum breeding training session 
cellent in 1991 with strong pre- flowering drought stress for Aboubacar foure, Malian sorghum breeder, Aug. 28
along with moderate post-flowering stress in the same nurs- Oct. 6, 199 1, at Lubbock (included travel to Nebraska and 
cry. The most drought resistant lines were: Tx7078, Koro Purdue), and paid for his travel to Lubbock, Oct. 21-25, 
Kollo, Ajabsido, P954035, P898012, 82BDM499, SC414- 1991 for breeding selection and training. 
12E, CE151-262-A1, SC701-14E, SC56-14E, SC23-14E, 
TP4-5, (Tx430*Rio)-15, P37-3, P40-1, and El Mota. The To College Station, TX, Feb. 19-21, 1992 to participate 
best F1 hybrids were Al*P37-3, A35*P37-3, Al*P46-1, and make presentations at the INTSORMIL External Evalu
AI*P33-1, A35*P33-1, A35*P69-2, Al*Karperl597, and ation Panel (EEP) Review. 
AI*82BDM499. Also, several A.BON23 and A.BON34 
hybrids performed well, and particularly in the irrigated To Puerto Rico, March 19-27, 1992 to harvest winter 
trials. Both BON34 and BON23 have a waxy endosperm, nursery, and evaluate new introductions with Dr. Jeff 
and its effect on common Sudanese food products is being Dahlberg, new USDASorghum Collection Curator. 
evaluated. 

To College Station, TX May 11-13, 1992 to discuss Latin
 
Networking Activities America collaborative program with ICRISAT, Drs. Lewis
 

Mughogho, Dan Meckenstock, Francisco Gomez,
 
Workshops Guillermo Munoz, John Yohe, and other INTSORMIL PI's.
 

Led field tours of research plots at the International To INTSORMIL joint EZC/FC meeting July 29-30, 
Sorghum and Millet CRSP Coaiference, July 8-12, 1991, 1991, at Kansas City, MO., and EZC meeting April 16-17, 
Corpus Christi, TX. 1992 at Lincoln, NE. 

Presented talks on drought resistance in sorghum at To Purdue University, October 26-28, 1991, to review 
growers seminars for sorghum producers in sorghum pro- collaborative research and plan future breeding research 
duction area in Queensland, as part of the Second Australian with Dr. Gebisa Ejeta. 
Sorghum Conference, Gatton, QLD, Feb. 7,8,9, 1992. 

Investigator visits to Lubbock 
Research InvestigatorExchanges 

Dr. Paula Bramel-Cox and graduate students, Sept. 13-
Participated in the International Sorghum and Millet 14, 1991. 

CRSP Conference, July 8-12, 1991, where presented paper 
on sustainability, led field tours and interacted with U.S. and Mr. G. Trouche, Senegalese sorghum breeder, Sept. 22
host country P1's regarding research findings and future 25, 1991. 
plans. 

Drs. Fred Miller and Vartan Guiragossian, Sept. 30-Oct. 
Traveled to Mali, Oct. 6-19 1991, to evaluate the INT- 2, 1991. 

SORMILI1ER collaborative research program, plan future 
collaborative research, and coordinate research with the Dr. Gebisa Ejeta, Oct. 3-4, 1991. 
ICRISAT/Mali Program and the ICRISAT West African 
Regional Sorghum Progrnam. Dr. Fred Miller, Mr. George Ombakho (Kenya M.S. 

student), and Mr. Aboubacar Toure (Mali Ph.D. student), 
Traveled to Sudan Nov. 6-16, 1991 to evaluate the INT- Oct. 20-25, 1991. 

SORMIL/ARC collaborative research program, plan future 
research, and evaluated and classified the Sudan Sorghum Dr. Yilma Kebede (Ethiopia sorghum breeder), Oct. 30-
Collection growout of over 3,000 cultivars. Nov. 2, 1991. 

Traveled to Honduras Dec. 4-10, 1991 to evaluate the Mr. Jack Eberspacher, Nat. Grain Sorghum Producers, 
INTSORMILISRN/EAP collaborative sorghum research Reed Richardson, Rod Preston, and L.W. Rooney, March 
program, plan future collaborative research activities, and 16, 1992. 
coordinated INTSORMIL research in the area. 

Other Collaborating/CooperatingScientists 
Traveled to Australia Jan. 29-Feb. 17, 1992 to participate 

in the Second Australian Sorghum 2,nference at Gatton, Cooperation or collaboration with the following scien-
QLD, present poster paper, and present talks on drought tists, in addition to the collaborating scientists previously 
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listed, was important to the activities and achievements of 
Project TAM-122. 

Dr. Oumar Niangado, Millet Breeder and Head, Plant 
Breeding Section, SRCVO/DAR/IER, Cinzana, Mali. 

Mr. Issoufou Kapran, Sorghum Breeder, INRAN, Ma-
radi, Niger 

Mr. G. Trouche, Sorghum Breeder, CNRA, ISRA, Barn-
bey, Senegal 

Dr. A. Tunde Obilana, Sorghum Breeder, SADCC/ICRI-
SAT, Bulawayo, Zimbabwe 

Dr. Vartan Guiragossian, Sorghum Breeder, ICRI-
SAT/SAFGRAD/OAU, Nairobi, Kenya 

Dr. Sam Z. Mukuru, Sorghum Breeder, ICRISAT, Na-
robi, Kenya 

Mr. Ben Kanycnji, Sorghum Breeder, Katumani Station, 
Machakos, Kenya 

Mr. Alejandro Palma, Sorghum Breeder, EAP, Zamo-
rano, Honduras (M.S. student, TAMU) 

Dr. Compton Paul, Agronomist, ICRISAT/CIMMYT, El 
Batan, Mexico 

Ing. Rene Clara, Sorghum Breeder, ICRISAT/CIM-
MYT, El Batan, Mexico 

Dr. Guillermo Munoz, INTSORMIL/CIAT, Cali, Co-
lombia 

Dr. Manuel Terregroza, Director of Annual Crops, ICA, 
Bogota, Colombia 

Dr. A. Sotomayor - Rios, Geneticist, Tropical Agricul-
ture Research Station, Mayaguez, Puerto Rico 

Dr. L.E. Claflin, Pathologist, KSU-108, Kansas State 
University, Manhattan, KS 

Dr. L.M. Gourley, Sorghum Breeder, MSU-104, Mi:,sis-
sippi State University, Mississippi State, MS (Currently 
Sorghum Breeder, MIAC/KARI Project, Nairobi, Kenya) 

Prof. D.J. Andrews, Sorghum/Millet Breeder, UNL- 115, 
University of Nebraska, Lincoln, NE 

Dr. J.D. Eastin, Physiologist, UNL-116, University of 
Nebraska, Lincoln, NE 

Dr. R.R. Duncan, Sorghum Breeder, University of Geor-
gia, Experiment, GA 

Dr. K.F. Schertz, Geneticist, Texas A&M University, 
College Station, TX 

Dr.John H. Mullet, Biochemist, Texas A&M University, 
College Station, TX 

Dr. A.B. O'iken, Soil Scientist, Texas A&M University, 
Lubbock, TX 

Dr. Henry Nguyen, Geneticist, Texas Tech University, 
Lubbock, TX 

GermplasmandResearchInformationExchange 

Germplasm Conservation and Use 

Seventy-six new exotic sorghum cultivars from Western 
Kordofan in Sudan, Somalia, the dry northern region of 
Nigeria, Zambia, Malawi, Ethiopia, Gambia, Niger, Mauri
tania, Ghana, Mali, Benin, and ICRISAT were entered into 
the cooperative TAMU/U.S.DA-ARS Sorghum Conversion 
Program. Nineteen of these lines were aluminum tolerant 
exotics identified in Georgia. Twenty-six elite breeding 
lines from the Mali program and from the ICRISAT West 
African Program were also introduced into the U.S. 

Seed Production and Distribution 

A large number of sorghum breeding and germplasm 
lines, including F2 to advanced generation breeding prog
eny, A, B, and R lines, converted lines, and experimental 
hybrids were increased and distributed to numerous interna
tional and domestic collaborators. These contained sources 
of desirable traits such as disease resistance, pre- and post
flowering drought resistance, grain mold and weathering 
resistance, and lodging resistance. Also, seed was increased 
and many sets of standard replicated trials containing elite 
germplasm and source lines were packaged and distributed 
in the U.S. and internationally. These include the ADIN (All
Disease and Insect Nursery), IDIN (International Disease 
and Insect Nursery), GWT (Grain Weathering Test), DLT 
(Drought Line Test), DHT (Drought Hybrid Test), CLAT 
(Converted Line Anthracnose Test), and the UHSN (Uni
form Head Smut Nursery). Countries to which large num
bers of germplasm items were distributed include Mali, 
Sudan, Niger, Kenya, Honduras, Zimbabwe, ICRI-
SAT/LASIP, Colombia, and Botswana. 

Sureflo, the white seeded, tan plant sorghum cultivar 
released in Honduras is now being grown by a large number 
of small farmers in southern Honduras. It is estimated that 
perhaps 15% of the crop area of the small farmers of south
em Honduras is now planted to Sureflo. It is grown because 
its grain makes excellent tortillas, and its stover makes good 
livestock feed. 
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Onken, A.B., G.C. Peterson, M.D. Doumbia, A.A. Sow, and D.T.Assistance Given 
Rosenow. 1991. Interaction effects of sorghum genotypes, water level, 
and nutrient level. p.263. In: Proc. International Sorghum and Millet 

Joint evaluation of germplasm was done collaboratively CRSP Conference, July 8-12, 1991. Corpus Christi, TX. INTSORMIL 
Publication No. 92-1.with national scientists in Mali, Honduras, and Sudan. This 

Tenkouano, A., F.R. Miller, R.A. Frederiken, D.T. Rosenow and J.T. 
included tr'aining in disease and drought screening and 	 Cothren. 1991. Sugar partitioning and resistance to charcoal rot in 

rating methodology, as well as information on sources of 	 sorghum. p.265. In: Proc. International Sorghum and Millet CRSP 

new useful germplasm and sources of desirable traits. Simi-	 Conference, July 8-12, 1991. Corpus Cluisti, TX. INTSORMIL Pubii
cation No. 92-1. 

lar training was provided to LDC graduate students in the Rosenow, D.T. 1992. Drought resistance in sorghum-Concepts and breed

breeding and disease nurseries in Texas. 	 ing procedures. In: Proc. Second Australian Sorghum Conference. Feb. 
4-6, 1992, The University of Queensland Gaiton College, Gallon, QLD. 
(Abs). (InPress).

Publications and Presentations Matches, A.G., J.W. Keeling, and D.T. Rosenow. 1992. Yield and quality 
of grain sorghum stover. p.21-24. In: Proc. Total Forage Management 

1992, Texas A&M Research and ExtensionSymposium, Feb. 18,Publications Center, Amarillo, TX, AREC-SP-92-1. 
Frederiksen, R.A., and D.T. Rosenow, F.R. Miller, and G.N. Odvody. 1992. 

Rosenow, D.T. 1992. Using germplasm from the world collection in Disease resistance in sorghum. Abstr. D-9. In: Proc. of Durable Resis
breeding for disease resistance. p.319-324. In: Sorghum and Millet tance, a Symposium on Durability or Disease Resistance, Feb. 24-28, 
Diseases: A Second World Review. (de Milliano, W.A.J., Frederiksen, 1992. ICA Wageningen, Netherlands. 
R.A., and Bengston, G.D., eds). Patanchens, A.P. 502324, India: Inter- Gorman, C.Tennant. 1992. Characterization of drought resistance of exotic 

national Crops Research Institute for the Semi-Arid Tropics. 3 7 8p. sorghums. M.S. Thesis, Texas Tech University, Lubbock, TX 144p. 
M.K. Wanous, F.R. Miller, and D.T. Rosenow. 1991. Evaluation of visual Isbell, Verne. R. 1992. The lodging complex in sorghum [Sorghum bicolor 

rating scales for green leaf retention in sorghum. Crop Sci. 31:1691- (L.) Moenchl: Morphological, chemical, and anatomical stem features 
1694. asso:iated with lodging in sorghum. Ph.D. Dissertation, Texas A&M 

Clark, L.E. and D.T. Rosenow. 1992. Off-type sorghum plants. Texas University, College Station, TX. 182p. 
Agric. Exp. Stn. MP-885 (Revised). 7 p. Toure, Aboubacar. 1992. ttetrosis, combining ability, and breeding poten-

Pietsch, D.R., R. Gass, D.T. Rosenow, F.R. Miller, and G.C. Peterson. tial studies for grain yield and yield components in Guinea sorghums 
1992. 1991 Grain sorghum performance tests in Texas. Dept. of Soil [Sorghum bicolor (L.) Moench]. Ph.D. Dissertation, Texas A&M Uni

and Crop Sciences Departmental Technical Report No. 92-2. 11 lp. versity, College Station, TX. 22 4p. 
Mecknstock, D.H., F. Gomez, D.T. Rosenow, and V. Guiragossian. 1992. 

Registratin of 'Surcfio' sorghum. Crop Science (accepted). 
Ejeta, Gebisa, and D.T. Rosenow. 1992. Registration of 10 fertility restorer Presentations 

parental lines of sorghum. Crop Science (accepted). 
Collins, D., R.A. Frederiksen. and D.T. Rosenow. 1992. Registration of Rosenow, D.T. 1991. Breeding sorghum and millet for sustainable produc-

Tx2891 sorghum. Crop Science (accepted). tion systems. International Sorghum and Millet CRSP Conference, July 

Jorgensen, J.A., D.T. Rosenow, and II.T. Nguyen. 1992. Genotypic corn- 8-12, 1991. Corpus Christi, TX. 
parison of heat-shock protein synthesis in sorghum. Crop Science Rosenow, D.T. 1992. Droult resistance in sorghum. Presented to three 

(accepted). Sorghum Growers Seninars at Dalby, Emerald, and Biloela, Queens-

Gilbert, M.L., N.W. Kramer, D.T. Rosenow and H.T. Nguyen. 1991. land, Australia, Feb. 7, 3, & 9. 1992, respectively. 
1 1 14 

Strategies for sorghum inbred development in th- 90's. p. - . In: Rosenow, D.T. 1991. Use ,f exotic sorghuns and breeding for drought 
Proc. 17th Biennial Grain Sorghum Research and Utilization Confer- resistance in sorghum. At Chillicothe/Vemon TAES Field Day, Sept. 
ence, Feb. 17-20, 1991. Lubbock, TX. 26, 1991. 

Collins, S.D., D.T. Rosenow, and R.A. Frederiksen. 1991. Progress ofhead 
sm'lt resistant sorghum populations. p.94. In: Proc. 17th Biennial Grain 
Sorghum Research and Utilization Conference, Feb. 17-20, 1991. Lub
bock, TX. (Abs). 

Isbell, V.R., D.T. Rosenow, and G.G. McBee. 1991. Stem anatomical 
features related to lodging in sorghum. p.58. In: Proc. 17th Biennial 
Grain Sorghum Research and Utilization Conference, Feb. 17-20, 1991. 
Lubbock, TX. (Abs). 

Khizzah, B.W., RJ. Newton, F.R. Miller, and D.T. Rosenow. 1991. Post
flowering osmotic adjustment and dehydration tolerance response of 
four sorghum [Sorghum bicolor (L.) Moench] cultivars to induced 
water stress. p.27. In: Proc. 17th Biennial Grain Sorghum Research and 
Utilization Conference, Feb. 17-20, 1991. Lubbock, TX. (Abs). 

Tenkouano, A., F.R. Miller, R.A. Frederiksen, D.T. Rosenow, and J.T. 
Cothren. 1991. Nonsenescence snd resistance to charcoal rot in sor
ghum: Genetics and relationships to nonstructural carbohydrates. p. 28. 
In: Proc. 17th Biennial Grain Sorghum Research and Utilization Con
ference, Feb. 17-20, 1991. Lubbock, Tx. (Abs). 

Xiang. Z., H.T. Nguyen, and D.T. Rosenow. 1991. Tagging drought 
tolerant genes in sorghum using molecular markers. p.27. In: Proc. 17th 
Biennial Grain Sorghum Research and Utilization Conference, Feb. 
17-20, 19Q1. Lubbock, TX. (Abs). 

Khizzah, B.W., R.J. Newton, F.R. Miller, and D.T. Rosenow. 1991. A study 
of physiological components of drought resistance in some inbred 
sorghum [Sorghum bicolor (L.) Moench] lines and progenies subjected 
to prolonged water stress. p.261-262. In: Proc. International Sorghum 
and Millet CRSP Conference, July 8-12, 1991. Corpus Christi, TX. 
INTSORMIL Publication No. 92-1. 

Mansuetus, S.B.A.. G.N. Odvody, R.A. Frederiksen, J.F. Leslie, and D.T. 
Rosenow. 1991. Investigation of the mating groups of Fusariu-n section
 
Liseola on Sorghum in Texas. p.275. In: Proc. International Sorghum
 
and Millet CRSP Conference, July 8-12, 1991. Corpus Christi, TX.
 
INTSORMIL Publication No. 92-1.
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Germplasm Enhancement through Genetic Manipulation for Increasing
 
Resistance to Insects and Improving Efficient Nutrient Use in Genotypes
 

Adapted to Sustainable Production Systems (Joint with TropSoils)
 

Project TAM-123
 
Gary C. Peterson and Arthur B. Onken
 

Texas A&M University
 

Principal Investigators 

Dr. Gary C. Peterson, Sorghum Breeding and Genetics, Texas Agricultural Experiment Station, Route 3, Box 
219, Lubbock, TX 79401 

Dr. Arthur B. Onken, Soil Chemistry and Fertilizer, Texas Agricultural Experiment Station, Route 3, Box 219, 
Lubbock, TX 79401 

Collaborating Sciendsts 

Dr. Francisco Gomez, Midge Resistance, EAP/SRN, Honduras 
Dr. Dan Meckenstock, Midge Resistance, INTSORMIL, Honduras 
Dr. C.S. Manthe, Sugarcane Aphid, DAR, Botswana 
Dr. Aboubacar Toure, Efficient Nutrient and Water Use, IER, Mali 
Mr. Zoumana Kouyate, Efficient Nutrient and Water Use, IER, Mali 
Mr. Samba Traore, Efficient Nutrient and Water Use, IER, Mali 
Mr. M.D. Doumbia, Junior Scientist (Mali), Graduate Student, Efficient Nutrient and Water Use, Texas A&M 

University, College Station, TX 77843 
Dr. G.L. Teetes, Entomology, Texas A&M University, College Station, TX 77843 (TAM-125)
Dr. D.T. Rosenow, Sorghum Breeding, Texas Agricultural Experiment Station, Route 3, Box 219, Lubbock, TX 

79401 (TAM-122) 
Dr. R.A. Frederiksen, Pathology, Texas A&M University, College Station, TX 77843 (TAM-124) 
Dr. F.R. Miller, Sorghum Breeding, Texas A&M University, College Station, TX 77843 (TAM-121) 
Dr. B.R. Wiseman, Entomology, USDA-ARS, Tifton, GA 
Dr. R.R. Duncan, Sorghum Breeding, University of Georgia, Griffin, GA 30223-1797 
Dr. A. Sotomayor-Rios, Sorghum Breeding, USDA-ARS, Puerto Rico 
Dr. J. Dahlberg, Sorghum Germplasm, USDA-ARS, Puerto, Rico
 
Dr. A. Juo, Cropping Systems, TAES/TAMU/TROPSOILS, College Station, TX 77843
 

Summary 

Additional sources of resistance to sorghum midge, Con- interactions for a wide range of climatic and input condi
larinia sorghicola, have been identified. The new resistance tions. 
sources offer the potential to broaden the genetic diversity 
of improved sorghum for this trait and to develop parental Objectives, Production and Utilization Constraints 
lines with uniquely different sources of resistance. Sources 
of resistance to biotype Igreenbug have been identified and Objectives 
are beii.g used to develop new breeding populations. Genes 
for resistance to sugarcane aphid have been recovered in Obtain and evaluate ge.rmplasm for resistance to arthro
temperate photoperiod insensitive germplasm. pod pests. Determine the resistance source or mechanisms 

most useful to sorghum improvement.
Data presented clearly shows the potential synergistic 

effects of interactions between soil fertility, available water Determine the inheritance of insect resistance. 
and sorghum genotypes. It also shows a number of impor
tant responses of sorghum to moisture stress, soil fertility Develop and release high yielding, agronomically im
and applied inputs to be under separate genetic control, proved sorghum resistant to selected insects including the 
Consequently, there is great potential for exp!hitation of sorghum midge. 
available germplasm resources for develkprnent of multiple 
stress tolerant sorghums to take advantage of synergistic Identify and define potential sources of more efficient 

plant nutrient extraction and/or utilization in sorghum. 
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Develop agronomically elite sorghum with improved 
nutrient use efficiencies. 

Develop new methods for determining nutrient use effi-
ciencies and study responsib,1 echanisms when appropri
ate. 

Determine the effects of nutrient use efficiency on water 
use efficiency in sorghum. 

Develop analytical procedures for determining chemical 
and physical properties of Sahelian soils and diagnostic 
techniques to use in predicting crop response and need for 
fertilizers or corrective amendments. 

Identify and defime sorghum genotype3 with varying 
levels or tolerance to drought and chemical stress of Sa-
helian soils and determine how each trait is inherited. 

Constraints 

Sorghum production and yield stability is constrained by 
numerous biotic and abiotic stresses. Insects pose a produc-
lion risk in all areas of sorghum production, the severity of 
damage depending on the insect and local environment. To 
reduce the impact of stress, research is needed to develop 
crop genotypes with enhanced environmental fitness suit-
able foruse inmore sustdinable production systems. Genetic 
resistance to multiple stresses in a single genotype will 
fuither reduce envhonmental risk and contribute to im-
proved productivity in LDC and DC production systems. 
This is particularly important as local production ecosys-
tems (relative to cultivars and technology) experience in-
duced change with natural balance between ct.tivars and 
biotic stresses also being changed and insect damage be-
coming increasingly severe, 

Sorghum midge, Contarinia sorghicola, is the only cos-
mopolitan sorghum iasect pest and is among the sorghum 
species destructive insect pests. As LDC programs cross 
exotic germplasm with improved agronomic traits to indige-
nous genotypes, progeny and eventually cultivars will be 
developed which are more photoperiod insensitive and 
midge damage will become increasingly severe. Cultivars 
resistant to insects will readily integrate with other required 
inputs as part of an integrated, ecologicadly sound produc-
tion ard stress control strategy with large potential benefits 
in subsistence and mechanized agriculture. Host plant resis-
tance to insects is acontinual effort in response to a dynamic 
evolving production agroc osystem. 

It has long been assumed that water was die first limiting 
factor to plant growth in much of the semiarid tropics. 
However, Stroosnijder and his associates from the Univer-
sity of Wageningen have shown, conclusively, that due to a 
lack of nutrients, principally Nand P, usable water isleft on 
the soil profile even by native range plants. We have deter-
mined that on Aflisols in Texas (same soil family as many 
in SAT areas of Africa) usable water is left in soil zones of 

low nutrient supply. Consequently, increasing grain produc
tion under simultaneous low soil water supply and low soil 
fertility is important as well as conditions of low soil fertility 
with adequate water. 

Research Approach and P'oject Output 

Research Methods 

Germplasm is evaluated for resistance to insects of eco
nomic importance in the collaborative breeding/entomology 
program in field nurseries or greenhouse facilitie.s, depend
ing on the insect mode on infestation. Sources of germplasm 
for evaluation are elite accessions from other programs 
(including ICRISAT), introductions, and partially or fully 
converted exotic genotypes from the sorghum conversion 
program. 

New sources of resistance are crossed to elite material in 
the breeding program and to other germplasm lines with 
superior trait(s). Studies to determine the genetics of resis
tance and the resistance mechanism are conducted when 
possible. Advanced elite materials are evaluated at diverse 
locations for stability of resistance, adaptation, and reaction 
to additional stress factors. Based upon data collected, 
crosses are made among elite lines to produce additional 
germplasm for subsequent evaluation. Improved adaptation, 
other stress resistance (disease resistance ,-jd/or drought 
tolerance), and additional favorable traits are incorporated 
into insect resistant germplasm whenecer possible. 

Elite lines and hybrids are provided to LDC cooperators 
for evaluation in indigenous envitonments. The germpiasm 
is evaluated under the local production system (fertilizer, 
tillage, plant population, etc.) and agronomic and yield data 
collected. TAM-123 will assist in evaluation at maturity. 
Larger quanlities of germplasm are provided to cooperators 
based upon initial observation. 

For insects important in LDC's but not in the U.S., an 
array of germplasin is provided to the LDC cooperator. The 
germplasm will be evaluated for resistance to the specific 
insect by the cooperator. Based upon experimental results 
crosses are made to produce relevant populations for inheri
tance and entomological studies. These populations are 
provided to the cooperator for further evaluation. 

Diverse cultivars of grain sorghum from the breeding 
programs at Lubbock, and introductions from LDC's are 
screened for N, P, and Fe use efficiencies in nutrient culture 
in greenhouse studies at Lubbock and field nurseries in 
Mali, West Africa and at Beeville and Lubbock, Texas. 
Priority is given to lines that have shown promise in pre
vious tests including nurseries in LDC's. Lines from the 
sorghum conversion prograrn are also evaluated. Genotypes 
relatively different in Nand/or P nutrient use efficiency will 
be grown in a greenhouse insoil deficient in the respective 
nutrient. Water use will be determined and water u' -ffi
ciency defined as dry weight production per unit of ava,.,ole 
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water. Water use efficiency for selected genotypes differing
in N use efficiency will be determined in an N deficient soil 
under field conditions based on grain and forage yields,
available water, and water used. Water use will be deter-
mined by neutron probe. Particular attention will be given
to determination of scil chemical and physical charac-
teristics for nurseries in Mali. 

Crosses will be made among lines forpreliminary assess-
ment of heritability. Based on heritability studies, crosses 
will be made among cultivars with high nutrient use effi
ciency and elite lines to produce breeding lines with high
nut;. ,nt use efficiency and favorable adaptation and agro-
nomic characteristics. Verification of selection will be made 
in the progeny of improved lines under field and solution 
culture screening, 

Research Findings 

Evaluation of germplasm developed in TAM- 123 contin-
ued at domestic and international locations. In addition to
developing and distributing tests for resistance to sorghum
midge and biotype E greenbug, TAM-123 contributed en-
tries and germplasm to the ADIN (All Disease and Insect 
Nursery), ITVAN (International Tall Variety Adaptation
Nursery), TAT (Tropical Adaptation Test), IFSAT (Interna-
tional Food Sorghum Adaptation Test), EON (Elite Obser-
vation Nursery), and BON (B-line observation nursery).
The ADIN, ITVAN, TAT, and IFSAT are evaluated at many
locations, domestically and internationally. 

Selections for resistance to sorghum midge were made in 
populations from tte F2 through advanced generations. 

Progress was again hindered by harsh environmental condi
tions in the Texas Coastal Bend (too wet early in the season 
which delayed planting and then post-flowering drought 
stress late in the season). Based upon replicated trials at three 
locations (Corpus Christi, TX, College Station, TX and 
Experiment, GA) three pollinators (R-lines in Al cyto
plasm) were selected for advanced yield testing in 1993. The 
midge resistance of each line is at least as good as Tx2767 
(resistant check) and each line exhibits good yield potential. 

Twenty female (B-lines in Al cytoplasm) lines were 
selected for further evaluation and yield testing. Hybrid seed 
was produced during 1992 on nine of the lines for yield
testing in 1993. The remaining lines are being sterilized as 
rapidly as possible, and hybrid seed will beproduced in 1993 
for subsequent yield testing. The lines possess midge resis
tance equal to Tx2755 and better agronomic characteristics. 
Seed set in hybrid seed production appears to better than that 
of Tx2755. 

The second year of testing fifty-two new convertedexotic 
sorghum lines for resistance to midge was completed in 
1992 .Mean of selected lines over two years (at two locations 
per year) is given in Table 1.Based upon the data additional 
potentially useful sources of resistance to midge are present
in the world collection. Lines w;ti pote:i.'!"y leful resis
tance include IS8179C (SC752-14), 1"6919C (SC846-14),
IS2655C (SC113-14), IS3693C (S-C632- 14), and IS 172 ILC 
(SC 1072-14). Twoines, IS6919C and IS3-693C,are B-lines 
in Al cytoplasm and offer the potential of using different 
genes in female parents of resistant hybrids. Additionally, 

Table 1. Mean midge damage rating of selected converted exotic sorghum lines, 1991-92. 
1991 1992 Mean 1991-92 midgeIS Number SC Number Group MDR MDR damage rating

TAN12566 7.00 3.50 5.25 
5803C 892 Dur 6.75 3.75 5.25
9370 Caf 8.25 5.00 5.001080 
8120C 749 CauBic 6.25 3.25
0(2 1103 ZZ 

4.75 
4.75  4.75

7156C 807 CauDur 5.25 4.00 4.63
12153C 979 ZZ 6.25 3.00 4.63 
Tx2767 
 5.00 3.00 4.c00 
Tx2755 
 5.00 3.00 4.00

17211 C 1072 
 Caf 4.75 3.25 .100
3693C 632 Caf 4.25 3.75 4.00
2655C 113 CauNig 4.75 3.25 4.00
 
Tx378 
 3.25 3.25 
Tx2782 
 3.00 2.50 2.75 
Tx2A72 
 3.00 2.25 2.63

6919(2 
 846 Dur(aZZ) 2.50 2.00 2.33 
Tx2878 
 1.25 2.00 2.13
8179C 752 CauKaf 7.25 2.00 2.13
 
X 
 7.15 5.90 6.55 
LSD.o
5 1.64 1.68 1.34
CV 16.49 19.27 20.07 
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IS6919C is a tan plant line and offers that potentially useful 
trait in B-line germplasm. 

Partial results from the initial evaluation of seventy-five 
additional converted exotic sorghum lines and four intro-
ductions from ICRISAT are given in Table 2. Based upon 
initial evaluation at one location, additional potentially use-
ful sources exist. Lines that could possess useful resistance 
include; IS3568C (SC716-14), IS8179C (SC752-14), 
SC970-14, IS8264C (SC680-14), IS6893C (SC111-14), 
IS 1215R! (SC982-14), IS5437-C(SC762-14), and IS3546C 
(SC751-14). The experiment will be repeated in 1993 at two 
locations to confirm the existence of additional resistance 
sources. 

Table 2. Mean damage rating of selected converted 
exotic sorghum genotypes of 1992 converted 
line midge test #2. 

Midge damage 
A5Number SC Number Group rating 

4.5TAM2566 

3693C 632 Caf 4.5 


2856C 650 Caf 4.5 

2820C 797 ZZ 4.5 


7017C 339 Cau 4.5 

1104C 1104 CauKaf 4.5 


4.5 


3511C 774 CauKaf 4.0 


80Z8C 712 Cau 4.0 


11549C 1017 SuDuDo 4.0
 

PM13613 	 

4.011065c 1046 	 Dur 

Nig 3.5
2681C 324 

3.0Tx2755 
3.0Tx2767 	 

3546C 751 CauKaf 3.0 

5437C 762 CauKaf 3.0 
zz 3.012156C 982 

3.06893C 1111 	 Nig 
3.0PM13668 	 

- 3.0
PM15929 

PM15936 - 3.0 

Tx2872  2.5 

Tx2878 
 2.5 

8264C 680 	 Dob 2.5 

970C 970 CauN-g 2.5 

8179C 752 CauKaf 2.0 
3568C 716 	 Cau 2.0 

Tx2782 

6.02 

LSD.05 	 1.49 
CV 	 12.30 

Germplasm resistant to sorghum midge was provided to 
Honduras and to Dr. Guillermo Munoz, the INTSORMIL 
P.I. in Colombia. Data had not been received when this 
report was prepared. 

Diverse germplasm resistant to biotype E greenbug was 
evaluated in segregating generations and selected at several 

locations. Superior resistance to biotype E greenbug is being 
combined with wide adaptation and other useful traits (re
sistance to head smut, pathotype three downy mildew, an
thracnose, rust, and other leaf diseases; resistance tc 
insecticide phytotoxicity; and phenotypic traits such as tan 
plant and white pericarp). Advanced germplasm, R-lines in 
Al cytoplasm, is being presently selected for final testing 
based upon adaptation and combining ability in hybrid 

finalcombination. The lines will be released following 
testing. 

The presence of a new greenbug biotype, designated as 
biotype I, was confirmed in Texas during 1991-92. Two 
sources of resistance, P1550607 and P1550610, have been 
confirmed in the cooperative breeding/entomology project. 
Crosses to introduce this gene into adapted germplasm were 
made during the summer of 1992. Seed will be sent to a 
winter nursery in Puerto Rico for generation advance and 
backcrossing to adapted germplasm to develop resistant 
germplasm as quickly as possible. 

During the summer of 1991 flowering was induced at 
Lubbock by controlling day-length in two photoperiod sen
sitive lines, P1457709 and P1453951. Both lines a:eresistant 
to yellow sugarcane aphid, Siphaflava. Seed resulting from 
crosses was grown in Puerto Rico during 1991-92 and 12 
progenies were grown at College Station in 1992. From the 
F2 populations short, early plants were selected for evalu
ation for resistance. Preliminary evaluation indicated that 

recovered in short insensitivethe resistant gene(s) were 
genotypes. Six resistant selections were selected for inclu

sion in the 1992-93 winter nursery for generation increase 
and additional crossing. 

Flowering was induced in several photoperiod sensitive 
Mali. Theintroductions from West Africa, principally 

germplasm was crossed with MB9-41, a line used in nutri
ent/water use efficiency studies, and with selected lines 
resistai,! to sorghum midge. F2 seed from the populations 
was sent to Dr. A. Toure, sorghum breeder with IER in Mali, 
for use in his program. Germplasm from additional crosses 
(made during the 1992 growing season) will be sent to Dr. 
Toure in June 1993. 

Data in Table 3 are results of a study conducted in 
cooperation with TropSoils in which the objective was to 
determine the effects of soil fertility on transpiratioal water 
use efficiency (WUEr). Previously we have reported in
cre',.ses in WUETr in grain sorghum due to increases in soil 
fertility from lysimeter studies. The most popular current 

theory for soil fertility increasio,: evapotranspirationa! 
water use efficiency k,'!UEnT) is that improved nutrient 
status results in increased leaf area and soil shading, thus, 
reducing evaporation (E) and leaving more water for tran
spiration (T). Recently, a model 	has been developed that 
allows separation of E and T under field conditions. We 
obtained the necessary data under field conditions for the 
breeding line MB9 and working 	with TropSoils scientists 
utilized the model to calculate T and E in Table 3. 

153 



GermplasmEnhancementand Conservation 

Table 3. Water and nitrogen level effects on evapotranspirational and transpirationalwater use efficiencies of 
field grown grain sorghum. 

Water Grainlevel N rate yield ET(%ET) lbs/a) (bs/a) (inches) 
50 0 3300 13.9 
50 80 5900 14.2 
100 0 3190 20.6 
100 80 6410 21.4 

50 0 2970 16.3 
50 80 5040 17.7 
100 0 3460 19.7 
100 80 5660 20.9 

[Applied weekly.
 
ltaculated on grin weight.
 

Water level had large effects on ET and lesser effects on 
grain yield while fertilizer level had only small effects on 
ET and large effects on grain yield. As a result, increasing 
water level reduced WUEET while fertilizer N increased 
WUE.... Increased water level increased both E and T and 
with one exception increased yield. However, the increased 
T was proportionally greater than the increase in yield and 
WUET decreased wiih increased water level. On the other 
hand, E decreased with N application and grain yield in-
creases were proportionally greater than increases in T
which resulted in increased WUE r . Therefore, wbile fertil-
izer N did decrease E and increase T, it also resulted in grain
sorghum metabolically utilizing water more efficiently. 

After a number of studies we have hypothesized that 
nitrogen use efficiency for sorghum is, at a minimum, a three 
component system from an agronomic perspective. We have 
defimed nitrogen use efficiency as follows: 

Gw/Ns = (Gw/Nt)(Nt/Np)(Np/Ns) 

where:Gw/Ns =nitrogen use efficiency - grain weight

(Gw) per unit of available soil N (Ns). 


Gw/Nt =metabolic N use efficiency -grain weight per

unit of N in above ground tissue (Nt). 


Nt/Np =translocation efficiency - proportion of total 
plant N (Np) in the above ground tissue. 

Np/Ns =uptake efficiency -proportion of available 
soil N taken up by the plant. 

In a lysimeter stidy with two diverse sorghum genotypes
of similar maturity (MB9 and B35), we determined that at 
low to moderate soil N levels, significant differences existed 
between gcat types for each of these components. Differ-
enc.s tended to disappear at very high N levels. 

A new project to be conducted coperadP""y between 
INTSORMIL and TropSoils, in collaboration wiLh the IER 

T E WUEffr 2 
WUET(inches) (inches) lbs/in lbs/in 

7.8 6.1 237 423 
8.9 5.3 415 663 

11.4 9.2 155 280 
15.0 6.4 300 427 

9.8 6.5 182 303 
11.8 5.9 285 427 
12.8 6.9 176 270 
14.7 6.2 270 385 

in Mali, has been approved by all entities and has been 
initiated. This project is entitled "Screening Sorghum Geno
types for Nutrient or Water Stressed Soils in Mali." As the 
title implies, this project will be conducted in its entirety in 
Mali. Test locations have been selected at Cinzana and 
Samanko. As resources permit, a third location will be 
selected at Bema. 

Networking 

Research InvestigatorExchanges 

G.C. Peterson - Sudan, Nov. 4-16, 1991. Evaluated and 
worked on classification of the Sudan sorghum collection at
Wad Medani. Evaluated cooperative ARC/INTSORMIL
research activities at the Gezira Research Station. Evaluated 
hybrid seed production conducted by the Gezira Board. 

G.C. Peterson - Honduras, Dec. 4-9, 1991. Evaluated
cooperative SRN/EAP/INTSORMIL research at Zamarano, 
Danli, Olancho, Choluteca, and Comayagua. Evaluated on
farm research in Choluteca region conducted by LUPE 
program. Discussed collaborative research program activi
ties with representatives of the Ministry of Natural Re
sources (SRN), USAID/Honduras, and the Pan American 
School (EAP). 

GermplasmandResearch InformationExck2nge 

Participated in classification and description of the Sudan
sorghum collection at Wad Mecdmi.Germplasm was distrib
uted to the following countries: Honduras, Colombia, Mali, 
Niger, Uruguay, India, Senegal, South Africa, Botswana,
Peoples Republic of China, and Japan. Germplasm was sent 
to several individuals or companies domestically.
Germplasm distributed was released lines and/or hybrids 
developed in TAM-123. 

Cooperator in release of 110 converted exotic genotypes
from the sorghum conversion program. 
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Efficiency UnderField Conditions. Annual Meetings American Society 
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Tropical Sorghum Conservation and Enhancement 
in Honduras and Central America 

Project TAM-131
 
Dan H. Meckenstock
 

Texas A&M University
 

Principal Investigator 

Dr. Dan H. Meckenstock, Texas A&M University, Department of Soil & Crop Sciences. Stationed at Escuela 
Agricola Panamericana (EAP), P.O.B. 93, Tegucigalpa, Honduras 

Collaborating Scientists 

Dr. Francisco Gomez, Head, National Sorghum Program (NSP), EAP, Department of Agronomy, P.O.B. 93, 
Tegucigalpa, Honduras 

Ing. Guillermo Cerritos, Agronomist, EAP, Department of Agronomy, P.O.B. 93, Tegucigalpa, Honduras
Ing. Hector Sierra, On-farm research, EAP, Department of Agronomy. Stationed at Choluteca, HondTas
Ing. Alberto Mordln, Agronomist, EAP, Department of Agronomy. Stationed at the La Lujosa Experiment 

Station, Choluteca, Honduras 
Mr. Manuel Granadoc, 4th yLcar student, EAP, Department of Agronomy, P.O.B. 93, Tegucigalpa, Honduras
Mr. Leonel Molina, 4th year student, EAP, Department of Agronomy, P.O.B. 93, Tegucigalpa, Honduras
Ing. Patricio Gutierrez, M.S. degree candidate, University of Nebraska, Agronomy Department, Lincoln, NE
Ing. Julio Lopez, M.S. degree candidate, Mississippi State University, Department of Entomology, Mississippi

State, MS 39762 
Iug. Hector Portillo, Ph.D. degree candidate, Mississippi State University, Department of Entomology,

Mississippi State, MS 39762 

Summary 

Sorghum breeding project TAM-131, "Tropical Sor-
ghum Conservation and Enhancement in Honduras and 
Central America," has operated in Honduras since October 
1981. Its overall objective is to improve the quality of life 
of farm families in Honduras that produce sorghum. This is 
accomplished through in situ conservation and enhance-
ment of local landrace sorghum populations and the devel-
opment and promotion of advanced technology intended to 
shift sorghum production from a tradition led enterprise to 
a science based industry. The transfer of new sorghum
technology is accomplished primarily through on-farm 
demonstrations and publications of research results and 
educational materials. 

Screening of 54 broomcom varieties for resistance to 
pathotype 5 of Peronosclerospora sorghi at the Intema-
tional Sorg,.in Downy Mildew Nursery in Comayagua 
indicates that five varieties (Acme, ISIl, IS13, IS24, and 
IS18132) have good resistance to this pathotype, the most 
virulent reported in the Americas. 

The average crop growth rate (CGR) and net assimilation 
rate (NAR) of an enhanced maicillo hybrid (Hi 105) to a 
popular commercial hybrid (DK64) was compared. Al-
though both hybrids had similar maturity, the enhanced 
maicillo hybrid, which has pedigree ATx63l x 
[(SC326*SC103)SB 111]-12-1-2-2-8 or 25% maicillo 
genome, was associated with greater productivity. The CGR 

of HI 105 was 44.8 g m-2 d compared to 36.1 g m-2 d- of 
DK64. Average net assimilation rate of the H 1105 was 9.3 
g m-2 d"I whereas DK64 was 8.1 g m-2d-1.As a result, total 
dry matter accumulation was greater in the enhanced 
maicillo hybrid (21.0 vs. 17.1 t/ha) compared to the com
mercial hybrid. The greater NAR in HI 105 suggests a more 
efficient assimilation system is at work in the enhanced 
maicillo hybrid and that maicillo germplasm has the poten
tial to make a significant contribution to the hybrid sorghum 
industry. 

The TropSoils CRSP has signed a Memorandum of 
Agreement with the MNR and will begin working in the 
Cholutzca area with LUPE and INTSOiMIL. Enhanced 
maicillo cultivars will be used to help measure the benefits 
derived from stone wall barriers with leguminous trees and 
grass strips at LUPE work site. 

Objectives, Production and Utilization Constraints 

Objectives 

Determine the resistance of 54 introduced broomcom 
varieties to pathotypes I and 5ofPeronosclerospora sorghi 
(Weston & Uppal) C.G. Shaw. 

Determine the difference in dry matter acL iulation, 
crop growth rate, and net assimilation rate between an 
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enhanced maicillo hybrid (Hi 105) and a commercial hybrid 
(DK 64). 

Coordinate Inter-CRSP activities in Honduras. 

Constraints 

According to the 1oG9 FAO agricultural production year-
book, sorghum is grown on about 350,000 ha in Central 
America. This regioa has undergone a net increase of some 
50,000 ha since 1981, with Guatemala and Honduras adding 
about 35,000 ha oach and Costa Rica reducing production 
to practically nothing. The two largest producers of sorghum 
are El Salvador (123,000 ha) and Honduras (90,000 ha). 

Conservation and Evaluation of Maicillo Diversity. 
'Maicillo Criollo' is the local name for tropical landrace 
sorghum populations found in semiarid regions of Central 
America which range along the Pacific side of the isthmus 
from southeastern Guatemala through El Salvador and 
southern Honduras, south to Lake Nicaragua. Maicillo is the 
last remnant of tall, photoperiod sensitive sorghum brought 
to the new world and for the most part is an unexplored gene 
pool that covers some 235,000 ha or 67% of the sorghum 
acreage in Central America. Although maicillo is of Afiican 
descent, it possesses unique traits for adaptation to tradi
tional maize intercropping systems and local food process-
ing customs. These changes have come about through 
allopatric differentiation and artificial selection by small 
farmers in Central American,. As the need to boost sorghum 
productivity increases in Central America, maicillo is 
slowly being replaced by higher yielding but uniform sor-
ghum cultivars like 'Sureflo'. This process not only threat-
ens the extinction of many undiscovered useful genes, but 
increases the probability of an epidemic occurring. 

Low Yield Potential. National sorghum yield in Hondu-
ras is less than one metric ton per hectare. Not only is this a 
reflection of the adverse environment in which sorghum is 
grown, but it is also a resuh of the preponderant use of 
landrace sorghum populations which have low but stable 
yield. The inability of maicillo criollo to respond to manage-
ment practices with increased grain yield is the primary 
constraint to sorghum production. Before new technologies 
like soil and water conservation interventions can improve 
soil fertility and become economically feasible, the genetic 
potential of traditional cultivars to respond with increased 
grain production must be enhanced. 

Traditional Farming Systems. Maicillo is an old world 
crop that has adapted to neo'-opical slash and burn agroeco-
systems. More than 90 percent of the sorghum planted in 
Honduras and El Salvador is late maturing landrace popula-
tions which are intercropped with early maturing maize. 
Although maize is the preferred staple, it is ofte inter-
cropped with sorghum by subsistence farmers in hot, erratic 
rainfall areas as a hedge against drought. Maicillo's sensi-
tivity to photoperiod and its ability to withstand shading are 
essential for its adaptation to traditional maize intercropping 

systems. In contrast, introduced cultivars require genetic 
modification before they can be used in these systems. Study 
of sorghum/maize intercropping systems is necessary to 
develop an understanding of how they work and what agro
nomic and genetic changes will increase their productivity. 

Photoperiod Sensitiviy. Maicillo Criollo has an acute 
sensitivity to photoperiod and day lengths of 12 h or less are 
required for floral initiation. In Honduras, floral initiation 
occurs during the first fortnight of October fegardless of 
spring planting date. Because of maicillo's short day re
quirement, it fails to flower before the first frost in the 
United States. Consequently, its improvement must be car
ried out within its domain in the Tropics (12-150 N at.). 

Insect Pests. An early season lepidopterous pest complex, 
called the langosta by Honduran farmers, is an important 
constraint to sorghum and maize production in the region. 
The fall armyworm, along with other lepidc pterous larvae--
S. eridania, Metaponpneumata rogenhoferi, and Mocis la
tipes-wreck havoc each spring by chaotically attacking 
seedling fields with little or no warning. Understanding the 
complex, its species diversity, density, time of occurrence, 
and origin, is necessary to develop an adequate control 
strategy. 

Sorghum Downy Mildew. Sorghum Downy Mildew is a 
recently introduced disease that is endemic in the region. 
Not only is maicillo susceptible to SDM, but the threat of 
this disease is compounded by the existence of the most 
virulent pathotype, P5, of Peronosclerospora sorghi re
ported in the Americas which was discovered at Las Playitas 
Experiment Station, Comayagua, Honduras in 1986. Be
cauy,: maicillo and most sources of resistance in the United 
States are susceptible to P5, the pathogen threatens the 
stability of sorghum production in Honduras. The introduc
tion and deployment of resistant genes offers the best alter
native for control. 

Research Approach and Project Output 

The Honduran sorghum program is a small program 
consisting of a national coordinator, an INTSORMIL coun
terpart, three Ingeniero Agrononrros, and a secretary. In spite 
of its size, the program has been very productive. Much of 
its success stems from the continuity and stability provided 
by the union of its three composite institutions--INTSOR-
MIL, MNR, and EAP--and extensive collaboration with 
other sorghum researchers. Dr. G6mez shares an office with 
Dr. Meckenstock at the EAP and this daily collaboration has 
been instrumental in the success of the program. The pro
gram has established an elaborate network of collaborators 
in Honduras that includes both GOH and PVOs. At present, 
six sites are used to evaluate commerci:d hybrid perform
ance. Four of these sites--Choluteca, Comayagua, Rapaco, 
and Zamorano-are also utilized to screen maicillo breeding 
materials for an array of biotic and abiotic stress factors 
(Figure 1). Numerous other collaborators and sites are used 
to validate new sorghum cultivars and other technologies 
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Figure 1. Sorkhum work sites in Honduras, 1991. 	 local landrace populations which are then returned to farm
ers fields. 

13ELIM 	 It is diflicult to place a value on maicillo genes lost byreplacement, since these genes disappear before they are 
Gui/of c.0 Caribbean Sea discovered. However, since we began working with .ondura o, maicillo, useful traits that contribute to acid soil tolerance, 

drought tolerance, antibiosis to fall armyworm, resistance to 
GU A Ca ac.mas multiple diseases (anthracnose, ladder spot, and rust), and 

HONDURAS r .shade tolerance have been found. Although tie value of 
these genes are still not known, ltey ar genetic resources 

0 *Ra .mo.. that would have been lost had we disregarded maicillo.am Ran a 1~A~AU These traits were found through a team effort forged by the' ELSALVA.R Cho lteca INTSORMIL scientist network. 
• /" a Capital 

PnWork Sites Of course, the argument can be made that maicillo came....Ocean . -.. 100 kin _ 	 from Africa, and that these same genes can be found there 
as well. However, we believe that some traits, such as fall 
armyworm antibiosis and shade tolerance, evolved as a 
direct result of intercropping with madze over the yearson-farm. Multilocation testing is essential for developing (Note: 	 Other researchers have reported antibiosis to fallcultivais with broad adaptation and resistance to multiple armyworm in sorghum, but evidence suggests antibiosis isdiseases, manifested differently in maicillo, Environ. Entomolo. 
20:1259-1266). Therefore, the only place these traits can beTwo technical thrusts which TAM-131 has initiated are found is in Central America. Similar events of rapid evoluconservation of local landrace sorghum populations and tion have been reported elsewhere. For instance, an aquatictheir enhancem-nent Both thrusts deal with maicillo or pho- relative to the earthworm developed resistance to toxicoperiod sensitive sorghum and the success of one depends nickel-cadmium pollutants in Foundry Cove on the Hudson upon the other. Our approach to conservation is a passive, River in less than 30 years (Scientific American 267:84-91).

in-situ approach, whereas enhancement is an active, more
aggressive approach. The goal of our conservation effort is to create a mosaic 

of maicillo, enhanced maicillo, and improved variety fieldsConservation in which genes flow freely among these different kinds of 
sorghum. Ostensibly, an informal network of villac levelThe success of all breeding programs depend on available landrace custodians will care for this germplasm as theygenetic resources. When working with unique cropping have cared for maicillo. The creation of enhanced maicillo
systems, such as sorghum-maize inwercropping, it is essen- cultivars and their subsequent deployment on-farm, not only
tial to have access to germplasm that is adapted to these 
 is intended to increase genetic diversity in situ, but to stavepeculiar conditions. Central America accommodates an ar- off maicillo's replacement by introduced cultivars.
 

ray of such genetic resources which is cared for in a gene

pool that spans some 235,000 ha.Our objective is to con- To date, enhanced maicillo 
 varieties with exotictinue to conserve, evenenhance, this genetic diversity in situ gen.,plasm from GPRI48, TAM428, SC414, and SPV346
where it will continue to evolve and serve man. 
 inbred lines have made their way on-farm (Table 1). All of 

these enhanced maicillos carry elite genes for yield and/orThe greatest perceived thicat to maicillo diversity is loss insect 	and disease resistance. Two of the non-recurrentby replacement. Consequently, our approach to sorghum 	 exotic parents, TAM428 and SC414, came from the sor 
enhancement breaks with traditional development strate
gicr, which have stressed creating widely adapted cultivars 	 Table 1. Enhanced maicillo cultivars deployed onthat can be disseminated around the world. Although the farm.
introduction and rekase of elite germplasm impacts yield Year DMV Pedigrec
almost immediately, we believe this p.roess causes irre-	 1989 150 (8LUL691*Pon niJr)-6 tanversible damage to our genetic resources in regions where 	 1989-1990 134 (TAM428*Porvenir)-20-2.6
primitive cultivars predominate by narrowing the 1989 143 ([AM428*San Bemardo 111)-23germplasm base, which, in turn, increases the potential to 1990-1992 179 (SPV346*Gigant)-l-l-2 tandestabilize crop production over time. Our approach strives 1990 1so l(TAMA28*GPRI482)Bilyl-24-l tanto conserve maicillo in situ and is relevant to areas of crop 1990-1992 198 TAM428*Porvcnir)-29-1
origin 	or where landrace populations dominate traditional 1991 194 (SC414-12*Plano de Namnasigle)-53farming systems. Its success hinges on our ability to upgrade 1Q90 106 (81LL691 *Porvenir)- 16tan 
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ghurn conversion program Ironically, our means of conser-
vation has taken the sof"ghum conversion program full cir-
cle, by introgressing elite genes back into primitive 
cultivars. 

Enhancement 

Our enhancement work is based on a set of short-, mid-
and long-term goals. Each time frame is concerned with a 
different kind of srghm. Short-term goals deal with the 
introduction and release of elite cuitivars, whereas mid-term 
goals deal with the development of enhanced maicillo va-
rieties. Long-term goals concentrate on developing maicillo 
hybrids. 

Introductions. Previous near-term goals have been met 
with the introduction and release of three food type culti-
vars: Tortillero, hybrid Catracho, and Sureflo. Our present 
short-term goals are to round out our sorghum portfolio with 
the release of a sorghum-sudangrass forage hybrid 'Ganad-
ero' (ATx623*Tx2784), a red seeded grain sorghum hybrid 
(ATx626*R8503), and a broomcern variety. Both hybrids 
are ready for release, but work on the broomcorn variety is 
just beginning. This next generaticn of releases reflects a 
change in our attitude towards development which is shift-
ing from self-sufficiency to self-relia ice. 

Ganadero. This forage hybrid has been tested exten-
sively in production fields at the EAP. Fresh weight silage 
yields have ranged from 28 to 40 t/ha.Since the EAP began 
to use Ganadero to meet its annual production goal of 2,000 
tons of silage, it has significantly reduced the amount of land 
it normally reserves to meet this need, from 91 to 64 ha. 
Much of the land that Ganadero has freed up at the EAP has 
been put into seed production. It is this kind of intensifica-
tioi of land use that Ganad.ro is intended to assist through-
out Honduras. 

Broomcorn. At the request of the MNR, the national 
sorghum program introduced 54 broomcorn varieties from 
the World Collection via ICRISAT/Mexico. Our goal is to 
release 1 or 2 broomcorn varieties with resistance to sor-
ghum downy mildew. Preliminary tests conducted by 
Leonel Molina in his Ingeniero Agronomo thesis in 1991 
indicates that five varieties (Acme, IS11, IS13, IS24, and 
IS18132) have good resistance to P5 of P. sorghi. Acom
plete listing of PI and P5 infestations are published in 
Sorghum Newsletter 33:38-39. Data on resistance to PI was 
collected at Zamorano whereas resistance to P5 was ob-
tained at CEDA, Comayagua. As expected, P5 devastated 
most of the broomcorn varieties. 

The A.I.D mission inHonduras estimates that broomcorn 
has a potential 800,000 dollar annual market in Honduras. 
Although the ministry's interest is in developing that mar-
ket, it is now evident that broomcor can also play an 
important role in the integrated pest management of mel-
ons-cantaloupe and watermelon-in southern Honduras. 
Because broomcorn is harvested immature (= 80 d) itcan be 

planted in the spring (May-June)--the melon off-season
and harvested in time to plant melons in August-September. 
Once sufficient seed of an acceptable broomcom variety is 
available, the rotation of broomcorn with melons is an IPM 
strategy we plan to test in Choluteca. We hypothesis that 
such a rotation would help break aphid and white-fly insect 
life cycles wl.ich threatens the lucrative melon export indus
try. Presently, the IPM work with melons is conducted by 
the Honduran Integrated Pest Management Project (MIPH) 
at the EAP. Ms. Lorena Lastres, who received her M.S. 
degree at TAMU with Frank Gilstrap, is the IPM specialist 
who leads this work. Already, sorghum is recommended for 
live barriers with melons, as a means to reduce the spread 
of viral diseases carried by aphids. Broomcorn can be read
ily substituted into this system. Another positive aspect of 
farming broomcorn is -hat its harvest is labor intensive and 
this will create more jobs. 

Enhanced Maicillo Varieties. Development of enhanced 
maici!lo varieties or photoperiod sensitive sorghum domi
nates our mid-term goals. This activity is the crux of our 
conservation effort because it creates the plant vectors that 
will further the introgression of new genes into the maicillo 
popul-tion in situ, while simultaneously improving crop 
yields. 

Specific maicillo breeding objectives are: 1)reduce plant 
height which, in effect, shifts the stem to panicle sink ratio 
in favor of producing more gain; 2) add tan plant color 
which reduces the amount ofpolyphenols inthe pericarp and 
thereby improves grain quality for making tortillas; 3) in
crease resistance to foliar discases like rust and Cercospora 
which enhances forage quality, as well as, grain yield; 4) 
incorporate resistance to sorghum downy mildew whch is 
endemic in the region and threatens stable maicillo produc
tion; 5) select for longer panicles and better head exertion 
which augments yield through increased seed number; and 
6) maintain several important maicillo characteristics such 
s maturity, white seed color (w/o testa), and shade toler

an,.e. Other characteristics which have carried over from 
majcillo, but that we have not directly selected for are 
resistanc.. to anthracnose and an increased level of soluble 
carbohydrates (brix) in the stem. Because photoperiod sen
sitivity is maintained in enhanced maicillo cultivars, this 
work can only be done in the region. 

We use the pedigree breeding method to develop our 
materials because it allows us to concentrate on specific 
traits and because maicillo generally has good combining 
ability. As the enhanced maicillo lines progress through the 
system, F2 and F3 selections are made to stabilize desirable 
height, maturity, pericarp color, and plant color traits. Be
cause we us, three locations to screcn this material, we also 
select for drought stress and shade tolerance at Rapaco, 
resistance to sorghum downy mildew at Comayagua, and 
resistance to foliar diseases at Choluteca. As superior lines 
are identified in more advanced generations, F5-F7, they are 
placed in our International Improved Maicillo Yield Trial 
(IIMYT). This multilocation yield test, referred to as EIME 
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Table 2. Performance of 37 enhanced maicillo cultivars in the 1991 IIM YT at five locations 
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plant coioo and T-Tan plant color. 
2 Yield in pure stand, mean of four locations: LALujosa, Choluteca; CEDA, ComayaguaF.ENA, Olancho; El Zamorano, Francisco Morazin. 
3 Yield Intercroppod with maize in aporque system, Rapaco, El Paralso. Maize 'Mhicitj', planted 19 Jul., sorghum planted 5 Jul.4 Date of flower, mean of two locations: Rapaco and Zarnorano (planted - 23 Aug.). 
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"Taken at La Lujosa. 

in Spanish, is used to select materials for on-farm demon- Choluteca, Comayagua, Rapaco, and Zamorano (Table 2).
stration plots. The 1990 IIMYT consisted of 40 entries and In the past, this test has been distributed to collaborators in 
was planted at five locations in Honduras: Catacamas, El Salvador and Guatemala. 
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Since 1990, enhanced maicillo hybrids have represented 
about half of the tmntries in the IIMYT. Two general conclu-
sions can be made about the performance of this test: 1) 
maicillo hybrids have consistently out yielded varieties, and 
2) little progress has been made in pushing varietal yield 
beyond (TAM428*Porvenir)-29-2. Of course, one of the 
reasons for this varietal yield plateau is that we are dedicat-
ing most of our energy to developing hybrids and shade 
tolerant cultivars. Shade tolerance, we believe, adds a new 
dimension to the role of sorghum in sustainable agricultural 
systens-paricularly alley cropping systems designed to 
check deforestation and desertification. 

Hybrid Maicillo. Heterosis is the best tool sorghum 
breeders have at their disposal for increasing yield. Our 
long-term goal is to develop pholoperiod sensitive food type 
hybrids for hillside farmers. We believe that hybrids not 
only will maximize forage and grain yield, but will enhance 
shade tolerance and help farmers defend against drought. 
Although there is skepticism whether small farmers will 
purchase hybrid seed, it is our position that the sorghum 
project should not be the limiting factor to this end, and, 
therefore, it is our responsibility to make this technology 
available for farmers to choose. Contrary to popular belief, 
many small farmers procure seed each season, mostly from 
neighbors, and these seed buyers are a target group for 
maicillo hybrids. Also, those farmers who have adopted 
other technologies, such as soil and water conservation 
practices, are seeing their incomes rise as a result and they 
are also a target group. 

Although sorghum hybrids have been with us since the 
mid-fifties, developing photoperiod sensitive 2-dwarf hy-
brids breaks new ground. There isa whole new set of options 
that must be considered. Some of these options obviously 
deal with setting the industry standard for heightand matur-
ity genotypes,just as theDw2 and mat genes set the standard 
for conventional hybrids. 

In order to make 2-dwarf hybrid maicillo seed production 
economical, one breeding objective is to develop combine-
height (3-dwarf) parental lines that make use of complemen
tary genes to restore height in their hybrids. This way, seed 
producers can mechanize seed production and small farmers 
can reap the yield advantage of 2-dwarf sorghum. To assist 
the development of parental lines with complementary 
height genes, we have begun to develop a set of 3-dwarf 
isolines in the Tx631 background. In 1991, we completed 
the first backcross in this process which is on schedule. 

Because preliminary tests indicate that heterozygous 
photoperiod sensitive hybrids-e.g., Texas A-lines x 
maicillo-are too early to be used in the spring planting 
season (primera), we have begun to develop photoperiod 
sensitive female lines which will produce later maturing 
hybrids. This backcross work isconducted at the EAP where 
daily attention can be given to nurseries. 

Interestingly, an experimental hybrid, (AVarl x SC1207
2-1-1), composed from two photoperiod insensitive lines 
and planted June 15, did not flower until October 6 or 112 
d later in our hybrid observation nursery. This hybrid was 
significantly later than either parental line, which is some 
what unique, and had a maturity comparable to many het
crozygous photoperiod sensitive hybrids. This suggests a 
unique combination of raturity genes may be at play inthis 
particular hybrid and introduces the prospect that photope
riod sensitive hybrids can be derived from insensitive pa
rental lines that share certain complementary maturity 
genes. Conceivably, if this is true, maicillo h) ,rids could be 
developed in the United States and sent to Central America 
or any place else inthe tropics where photoperiod sensitivity 
is a critical factor in adaptal'on. Also, International seed 
companies could further assist developing countries, by 
employing their resources in the temperate zone to produce 
photoperiod sensitive hybrid seed for the tropics. This 
would be particularly advantages for those countries, where 
the local seed industry has not yet geared up to hybrids. 

In an effort to learn more about hybrid maicillo, Antonio 
Granados used his Ingeniero Agronomo thesis to compare 
the average crop growth rate (CGR) and net assimilation rate 
(NAR) of an enhanced maicillo hybrid (H1105) to a popular 
commercial hybrid (DK64). This was a single location 
replicated study conducted at the EAP under irrigation in 
1991. Beth hybrids had similar maturity. The enhanced 
maicillo hybrid, which has pedigree ATx631 x 
[(SC326*SC103)SB 111]-12-1-2-2-8 or 25% maicillo 
genome, was associated with greater productivity. The CGR 
of H1105 was 44.8 g m-2 d-1 compaiad to 36.1 g m-2 d-Iof 
DK64. Average net assimilation rate of the H1105 was 9.3 

2 di g m2 dI whereas DK64 was 8.1 g m .A. a result, total 
dry matter accumulation was greater in the enhanced 
maicillo hybrid (21.0 vs. 17.1 t/ha) compared to the com
mercial hybrid (Figure.2). The greater NAR in H 1105 sug
gests a more efficient assimilation system is at work in the 
enhanced maicillo hybrid and that maicillo germpla Tihas 
the potential to ma!e a significant contribution to the h, brid 
sorghum industry. 

On-FarmResearch 

Our on-farm testing program is an integral part of in situ 
conservation. Not only does this activity enable us to coliect 
maicillo from farmers most likely to trade in their old 
cultivars, it provides the mechanism whereby enhanced 
maicillo cultivars-the vectors for transferring exotic 
gencs--are introduced into the maicillo population. Since 
maicillo is a living system, our approach to conservation 
stresses the deployment of an array of enhanced maicillo 
germplasm, by testing different cultivars on-farm each year, 
rather than formally releasing varieties which would even
tually saturate the formal seed market and slow the intro
gression of new genes into the maicillo population. 

Of the eight enhanced maicillo cultivars that have been 
deployed on-farm since 1989 (Tablel), half have tan plant 
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Figure 2 Maicillo hybrids like HI105 optimize dry matter production 
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color (pp qq). Since all maicillo landraces collected to date we estimate from seed import records that hybrid sorghum
have purple plant color (PP QQ), tan plant color in the acreage has increased by 20 percent or 10,000 hectares.
enhanced cultivars serveas marker genes.This wiUfacilitate Some dealers are so pleased with the results of this service
followup studies on the introgression of exotic genes into that a similar test for forage hybrids is being considered for
the maicillo population. 1993. Of course, we do not take all the credit for increasing

production area since changes in government price policy
Forty-five on-farm demonstration plots were sent out in have played an important role. However, favorable prices

1991 with yield data returned from just one. Because crop coupled with performance information, obviously, has led
performance iaformation is important feedback for directing farmers to choose sorghum over other crops.
 
our breeding program, we have hired Hector Sierra to coor
dinate our on-farm demonstration plots in 1992. Perform-
 The commercial hybrid performance test has help.d fos
ance data will also be used to detemine potential impact and ter the fledgling honduran sorghum industry in several
effectiveness of different soil and water interventions, ways. First, it allows the comme-rlial seed comprnies to 

up-grade their hybrids. Thus, farmers have access to betterSpecialProjects adapted hybrids with higher yield potential. For example, 
Northrup King has reduced the number of hybrids it nowDr. G6mez has been successful in establishing two spe- markets in Honduras from 3 to 1after some of their hybrids

cial projects which augment the effectiveness and stability gave a poor showing in 1990. Cristiani Burkard hybrids,
of the program. These are the commercial hybrid perform- which did well in Danlf in 1990, are now the 	preferred
ance test, whichissponsoredbyprivateseedcompanies, and hybrids in that area. As a direct result of the performance
the control of sorghum downy mildew, which is sponsored test, Cristiani Burkard's sales have grown from zero to 4,456 by the EEC. Both projects are administered by the EAP and bags injust two year. (1990-1992). Second, new companies
managed by Dr. G6mez and are exemplary of the kinds of desiring entry into the Honduran market can use the test to
sustainability we are trying to build into the program. attract dealers. Third, the performance test reduces the risks 

farmers perceive when accepting new technologies. This isCommercial Hybrid Testing. One A.I.D mission objec- especially true when farmers attend field days and see the
tive is to privatize the national seed industry. The national hybrids for themselves. Forth. farmers often adopt some of
sorghum program assists this endeavor by conducting a the management practices we e to aehievc higher yields;
commercial hybrid performance test for private seed com- e.g., treating seed w"h insecticide, adjusting plant densities,
panies. This testing program began in 1989 and is the only and using higher fertilizer rates. Fifth, the MNR uses thepublic listing of commercial cultivars available, their per- results to grant seed import permits. And sixth, credit insti
formance, and distributors for any crop in Honduras. This is tutions are beginning to look at our reports and consider the
another example how the sorghum project continues to lead possibility of making loans to sorghum producers. Pres
by example. Testing presently takes place in seven States: ently, the three largest sorghum seed companies in Hondu-
Choluteca, Col6n, Comayagua, El Parafso, Francisco ras,CristianiBurkard,DeKalb, and Pioneer subscribe to our
MorazdIn, Olancho and Yoro, with Col6n and Yoro entering service. 
the program in 1992. Since initiating the performance test, 
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Control of Sorghum Downy Mildew. After losing our 
collaborator in the International Sorghum Downy Mildew 
Nursery last year, Dr. Gomez won a mini-grant from the 
EEC to continue this work in 1992. The objective of this 
special project w .s to use differential lines to monitor SDM 
hot spots in Honduras for changes in virulence and to screen 
breeding material for P5 resistance. Recall that P5 is the 
most virulent pathotype of P. sorghi reported in the Ameri-
cas. 

Although the International Sorghum Downy Mildew 
Nursery was first established at the Las Playitas experiment 
station, we relocated it to the adjacent Center for Agriculture 
Development (CEDA) in 1991 after monitoring for viru- 
lence indicated that P5 existed there as well. The nursery is 
now managed by Dr. Napoleon Reyes-Discua, Director of 
CEDA. The advantage of screening for downy mildew in 
Comayagua is that lines resistant to P5 hold resistance 
elsewhere in the Americas. Some commercial companies 
that must meet downy mildew resistance requirements in 
other countries in Latin America are now opting to screen 
their materias in Comayagua. 

Surefio Update 

Sureflo (PI 561472 and NSSL 259979.51) has found 
widespread acceptance throughout the sorghum growing 
regions in Honduras. It is the first sorghum cultivar released 
by the MNR that has found its way into informal seed 
markets. Consequently, it not only has sustained its survival, 
but continues tc increase its acreage share with nominal 
institutional help. Much of its succe&s is due to its cereal 
quality, yield potential, and dual purpc se or use for forage 
and grain. Previous studies found tha, pure stand Sureflo 
increases grain yield over maicillo by 63%. This translates 
into an increase in farm family income f: om $1.60 to $2.70 
per day ha (Miguel L6pez 1988). Alo, 6iose farmers vho 
tried Sureflo in 1988 continue to use Suieflo three years later 
onanaverageof28% of theirmaicille acreage (David Erazo 
1991). It is because of this success that we have begun the 
process of registering Sureflo in Crop Science. Sureflo is a 
joint registration of theMNR, INTSORMIL, and ICRISAT. 

Pearl Millet Update 

Several years ago (19,86), TAM-131 mediated the intro-
duction of several pearl millet Pennisetum glaucum lines 
from KSU-101 and UNL-118. This seed was given to Dr. 
Raul Santilln inthe Animal Science Department at the EAP 
who works in tropical pasture and forage research. His 
interest with pearl millet was making interspecific forage 
hybrids with elephant grass, P. purpureum. Recently, Dr. 
Santilhn announced plans to release a pearl millet xelephant 
grass hybrids, 

Although elephant grass produces about 40 Oia of dry 
matter per year, its wide spread adoption as pasture hic been 
constrained by vegetative propagation. The traditional prac-
tice of establishing elephant gra s pasture requires about 2 

tons of fresh cut stems per hectare, which are not always 
available when needed. 

The innovative aspects of this research, is that the pearl 
millet-elephant grass hybrid allows pastures to be estab
lished by seed. The advantages of using the interspecific 
hybrid is that seed iscombine harvested frem the pearl millet 
female parent, it can be stored until needed, it is easier to 
transport, it can be planted with conventional grain drills, 
and about 10 pounds of seed is sufficient to plant a hectare. 
Although the interspecific hybrid produces about 30 t/ha of 
dry matter per year, its digestibility (= 66%) is better than 
that of elephant grass (=60%). Because the hybrid is sterile 
(its triploid like seedless watermelon and bananas) and has 
no rhizomes, it does not become a noxious weed when it 
comes time to convert the pasture back into crop land. 

Networking Activities 

Institutional Arrangements 

MNR-EAP MOA. In 1991, the MNR signed an MOA 
with the EAP which places the responsibility of sorghum 
research with the school. This MOA was elevated to the 
status of Acuerdo (no. 3524-91) when it was approved by 
the Honduran President December 9, 1991. This restructur
ing of the NAR sorghum component is consistent with 
AID/H and GOH objectives on privatization and serves as 
a model for privatizing other agricultural services in the 
ministry. INTSORMIL's long-term relationship with the 
MNR has enabled Honduras to develop a long-term com
prehensive sorghum research program that is beginning to 
gain support from the sorghum industry in Honduras and 
other international donors. 

PLA80 support. The GOH and AID/H provide local cur
rency support for the sorghum project through the Title I 
PL480 program. The present PL480 funding level is 
479,000 lempiras which is equivalent to 88,700 dollars. 
Local currency covers the lion's share of in-country costs, 
including counterpart and support staff salaries. An AID 
mission initiative is underway to have the GOH match 
PLA80 funds programmed for all CRSPs with national funds 
by 1994. This is ii, lieu of the fact that U.S. assistance to 
Honduras will be cut back drastically in the next five years 
until, finally, all aid is stopped in 2000. 

Additional funding. Special projects are being developed 
to create new funding sources. To date, these projects have 
focused on commercial hybrid testing and the international 
sorghu.i downy mildew nursery in Cornayagua. Projected 
earnings from testing commercial hybrids in 1992 are 6,700 
dollars from private seed companies and 1,000 dollars from 
the PCCMCA. Also, the national sorghum program won its 
first strengthening grant (9,260 dollars) from the EEC this 
year for the control ofsorghum downy mildew in Honduras. 
Both DeKab (100 lines) and Cargill (130 lines) seed com
panics have contracted the national sorghum program to 
screen some of their materials for resistance to pathotype 5 
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of downy mildew in Comayagua and this accounts for 
another 1,150 dollars in earnings. 

Inter-CRSP 

Our concept paper for mounting an Inter-CRSP activity 
in southern Honduas was published in the 1991 INTSOR-
MIL Conference Proceedings. It focuses on three agroeco-
systems in southern Honduras: 1) low input hillside 
subsistence fanning in dry tropical forest, 2) high input cash 
crops (primarily cantaloupe) on the coastal plain (tropical 
savanna), and 3) shrimp production in the Gulf of Fonseca 
and estuaries. This Inter-CRSP initiative proposes collabo-
rative research with MNR, EAP, LUPE and FPX and links 
the CRSPs to the agricultural sector strategy programs of the 
A.I.D mission by addressing agricultural production con-
straints that mission projects like LUPE and FPX face. 
Because of our commitment to Inter-CRSPing, we have 
shifted most of our time and resources previously commitizd 
to sorghum networking in Central America to developing 
an Inter-CRSP program in tHonduras. 

Four CRSPs have signed MOAs to work in Honduras 
(i.e., INTSORMIL, Bean/Cowpea, Pond Dynam-
ics/Aquaculture and TropSoils) and two others (i.e., Peanut 
and SANREM) are taking steps to join in.We are basically 
building the Inter-CRSP initiative from the ground up by 
redirecting resources. Because of our commitment to Inter-
CRSPing, we have shifted most of our time and resources 
previously committed to sorghum networking in Central 
America to developing an Inter-CRSP program in Hondu-
ras. Important events this past year follow. 

TropSoils. This soil management CRSP negotiated and 
signed an MOA with the MNR January 10, 1992. The status 
of this agreement was eleva:ed to Acuerdo 1646-92 when it 
was appioved and signed by the president of Honduras 
3-Ago. 1992. PLA80 local currency support for activities in 
1992 and 1993 has been requested by the GOH. These funds 
are to support: 1) activities related to completing the soils 
map, 2) soil and water conservation research with LUPE, 
and 3) graduate student research in Hojiduras. 

Marc Thompson, a TropSoils graduate student from 
TAMU who worked with LUPE in 1992, completed his 
thesis and filed a report on his research with AID/H. Some 
interesting findings are: 1)many hillside soils derived from 
basaltic parent material in southern Honduras are just as 
fertile as those in the U.S. corn I-it, but are shallower, 2) 
soil loss isas high as 114 t ha-1 in some arews, 3)stoner wall 
terracing can make a significant long-term contribution to 
productivity, and 4) there isa great need to increase farmer 
and community awareness to the long-term benefits of soil 
conservation. 

Peanut CRSP. Because Honduras has ucmendous peanut 
production and consumption potential an MOA between the 
Peanut CRSP and MNR has been developed and submitted 
to the misrion for approval. Ostensibly, funding constraints 

has placed signing of this MOA on hold. Although the 
Peanut CRSP is not directly involved in Honduras, the EAP 
continues to evaluate 14 peanut varieties provided by the 
CRSP for the purpose of releasing a variety for its seed 
production unit. Also, the EAP has provided these varieties 
to FHIA who has obtained a small grant from a large grocer 
in San Pedro Sula to develop a technological package suit
able for peanut production in Honduras. The long-term 
objective of FHIA is to develop peanut for export produc
tion. 

SANREM. This new CRSP will receive its grant in July 
1992. A global workplan has been developed that includes 
Honduras as a prime site. 

OtherCooperatingScientists 

TAM-131 collaborates with ten INTSORMIL projects 
representing five land-grant universities. Much of this col
laboration c.'nters on supervision of graduate student re
search in Honduras and germplasm exchange. 

Dr. Max Clegg, Agronomy, UNL-1 13.
 
Dr. Richard Frederiksen, Sorghum Pathologist, TAM-124.
 
Dr. Frank Gilstrap, Entomologist, TAM-125.
 
Dr. Fred Miller, Sorghum Breeder, TAM-121.
 
Dr. Gary Peterson, Sorghum Breeder, TAM-123.
 
Dr. Henry Pitre, Entomologist, MSU-105.
 
Dr. Lloyd Rooney, Cereal Chemist, TAM-126.
 
Dr. Darrell Rosenow, Sorghum Breeder, TAM-122.
 
Dr. John Sanders, Economist, PRF-105.
 
Mr. Bill Stegmeier, Millet Breeder, KSU-101.
 

OtherCollaboratorsin Honduras 

Ing. David Lafnez, ENA, Catacamas, anthracnose nursery. 
Mr. David Leonard, Associates in Rural Development, 

LUPE, Tegucigalpa, Honduras. 
Dr. Napoleon Reyes Discua, Director, Center for Agricul

rural Development (CEDA), Comayagua, Honduras.
 
Ing. Ricardo Rivera, Friederich Ebert Fundation, Col6n,
 

hybrid performance test collaborator. 
Ing. Miguel Sosa, DRI-Yoro, hybrid performance test col

laborator. 
Ing. Josd Torres, MNR. Las Acacias, hybrid performance 

test collaborator. 
Ing. Luis Welchez, MNR-FAO, Lempira, low-input hillside 

on-farm demonstration plots 

Other CollaboratingInstitutionsin Honduras 

COHASA, Choluteca, low-input hillside on-farm demon
stration plots 

CORASUR, Choluteca, on-farm demonstration plots 
L.L. Ag. School, Nacaome, on-farm demonstration plots 
LUPE-MNR, Choluteca, low-input hillside on-farm demon

stration plots 
San 	Jos6 Obrero, Choluteca, low-input hillside on-farm 

demonstration plots 

164 



Germplasm Enhancement and Conservation 

World Neighbors, Choluteca, low-input hillside on-farm 
demonstration plots 

CLAIS, Dr. Gomez just completed a two year term (1990
1991) as the elected president of the Council of Latin 
American Sorghum Researcher (CLAIS). 

EECIPRIAG, In 1990, Dr. G6mez was appointed the EAP's 
representative to the National Councilof PRIAG (i e.,the 
Regional Program to Strengthen Agronomical Research 
on Basic Grains in Central America) which issponsored 
by the European Economic Community and adminis-
tered by IICA As a seniok scientict, he has provided 
valuable council to PRIAG in establishing their research 
grants program. A portion of his responsibilities include 
evaluation of research proposals submitted by eligible 
sorghum workers in the region. This position adds an 
important new facet in networking. Dr. G6mez attended 
regional PRJAG meetings 23-24 Jul. 1991 in San Jos6, 
Costa Rica and 16-20 Mar. 1992 in Managua, Nicaragua. 
He also attended a national meeting 28-31 Jan. 1992 in 
Valle de Angeles, Honduras. 

PCCMCA, Dr. Gomez and Guillermo Cerritos attend the 
38th annual meeting of the PCCMCA. 23-27 Mar. 1992. 
Managua, Nicaragua. 

Scientist Exchange 

Dr. Meckenstock and Dr. Gomez attended a LUPE plan-
ning session in Choluteca 7 April, 1992 to introduce Ing. 
Hector Sierra, our on-farm coordinator, to the group and to 
encourage LUPE participation in on-farm trials in 1992. Dr. 
Gomez gave a presentation on advances in enhanced 
maicillo development and planned activities. 

Dr. Mecienstock and Dr. Gomez traveled to College 
Station, TX May 11-13, 1992 to attend a planning session 
with ICRISAT. Dr. Lewis Mughogho was the ICRISAT 
representative. Future networking activities in Central and 
South America were discussed. It was agreed that INTSOR-
MILandlCRISATwouldsubmitajointproposaltothelpter 
American Development Bank to support regional activities 
in the Americas. 

Hector Portillo, MSU graduate student, visited the EAP 
May 7 through August 25, 1992. -Iecollected ovipositional 
preference data for his dissertation and worked on several 
manuscripts for publication. The sorghum project sbared its 
office with Hector and the Plant Protection Department 
loaned the use of its laboratories. 

Germplasm Exchange 

Dr. Fred Miller, on behalf of the sorghum project, sent 
5000 seed of Sureflo (01561472 & NSSL 259979.51) to the 
National Seed Storage Laboratory in Fort Collins, Colorado. 
23 April 1992. 

Ten cult~vars ( 100 g ea.), including Sureflo, Ganadero 
and its parental lines, were sent to Ing. Claudio Prates, 

Sementes Agroceres in Brazil for observation. 19 Septem
ber. 199 1. 

Four forage sorghum varieties: Brandes (50 g), Ganadero 
(440 g), Tx2784 (360 g), and Sureflo (330 g), were sent to 
Dr. Raul Santilldn at the Animal Science Department in the 
EAP fbr observation. 10 October 1991. 

SC40-9 (50 g), which has height genotype dw, dw2 dw3 
Dw4, was sent to Dr. Fred Miller f;r studies in height 
genetics. 29 October. 1991. 

Twenty drought tolerant F2 lines were increused at Ra
paco and returned to Dr. Darrell Rosenow. 9 Dec. 1991. 

Basic seed of ATx623 (18 lbs.) and BTx623 (5lbs.) were 
donated to the seed production unit at the EAP. 13 Feb. 
1992. 

Six enhanced maic;'., v:.-eties (5g ca.), with the highest 
brix (18.5-21) level!: it. 1990 IIMYT. were sent to Dr."e 
Tony Sotomayor, USDAITARS, Mayaguez, Puerto Rico for 
evaluation. One line was the A &B pair of DMV 179 which 
would be useful in making phcloperiod sensitive forage 
hybrids. 19 March. 1992. 

Ten pounds eac!' of Ganadero, Sureflo, and Tx2784 was 
sent to Ing. Doroteo Osorto, Head of the INFOP training 
center in Danlf, for use i instruction of cattle producers. 27t 


March. 1992. 

Three broomcom (Acme, IS 13,and IS 24) varieties (400 
g ea.) were sent to l-,;nando Domfng,--ez, Department of 
Plant Protection, EAP for evaluadoa in live barriers to 
whitefly on melons ii,Choluteca. 27 Aprl. 1992. 

Twelve broomcom varieties (430 g ea.) was sent to 
Guillermo Alvarado for adaptation studies in Comayagua. 
All were resistant to pathotype 1 of P. sorghi. 27 April 
1992. 

Basic seed of Tx2784 (5.5 lbs.) was donated to the seed 
production unit at the EAP. 6 May 1992. This is the sudan
grass male parent of Ganadero. 

Three maicillo varieties (100 g) and six enhanced 
maicillo varieties (50 g) were sent to Patricio Gutierrez, 
University of Nebraska, for use in his M.S. research en 
shade tolerance. 18 May 1992. 

The following enhanced maicillo cultivars were sent to 
Hector Sierra for use in on farm demonstration plots: 
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Deipatimn P&g Gcnertion kit 
DMV 179 (SPV34,5Gipnr-1-2 3.1 
DMV 198 (rAM4,8w rwt-nik)-29-1 10 1.3 
H 1L02 A(Tx623*Pcpiwr) (SC414 P.N.)-53 1 1.8 
H 1204 A1(SEPON/7*StjIstbel)DMV 203 I 1.8 
H 12 ACTx623Pspim) [SPV346(81LL691Billy)-36 I I. 
Sur fio 6.8 

Publications and Presentations 

Publications 

Cerritos, G., D. H. Meckenstoc-. F. Gomez, and T.C. Haqh. 1992. Intro
duction of 54 broomcom varieties in Honduras (In Spanish). p. 121-128. 
Agronomy Dcpartment Anual Report, vol. 4, Escuela Agrfcola 
Panamericana, El Zamorario, Hionduras. 

G6mez, F. and D.H. Meckenstock. 1992.1990 Grai-. sorghum performance 
testa (In Spanish). Tech. Rep. EAP/SRN/INTSORMIL-3. E.cuela 
Agrfcola Panamericana. El Zmorano, Honduras. 

Granados, M.A. 1992 Growth and absorption of NPK in two grain sor
ghum hybrids in three densities (In Spanish). lg. Agrm. Thesis. 
Pananierican Agricultural School. El 7.amorano, Honduras. 

Gutierrez, P.F., D.H. Meckenstock, and M.D. Clegg. 1991. Growth and 
yield of honduran sorghum in pure stand and intercropping. p. 61. In 
Agronomy abstracts. ASA, Madison, WI. 

Meckwstock. D. II. 19/)1. The power of the CRSPs. pp. 104-106. In T. 
Schilling and D. Sloner (ed.) I.ternational Sorghum and M'illet CRSP 
Conference. Proc. INTSORMIL, Corp-is Christi, TX. 8-1? July 1991. 
University of Nebra'ka, Lincoln, NE. 

Meckenstock, D.11. 199z. Tropical sorghum consration and enhance
ment in Honduras and Central America. p. 140-152. INTSORMIL 
Annual P'.-port 199!. Sorghum/Millet Collab-r-oive Research Support 
Program, Univ. of Nebrass-, Lincoln, NE. 

Meckenstock, D.H., M.C. Cstro, II.N. Pit; and F. Gomez. 1991 Antibio
jis to fall armyworm in Honduras landrace sorghum. Environ. ERito
nyilo. 20:1259-1266. 

Meckenstock, D.i., D.R. Coddington, J.C. Rosas, If. van Es, M.S. Chinnan 
and M.M. Murillo. 1991. Honduras cincept paper: Towards a sustain
able agriculture in southern Honduras. pp. 107-119. In T. Schilling and 
D. Stoner (ed.) International Sorghum and Millet CRSP Conference. 
Proc. INTSORMIL, Corpus Tristi, TX. 8-12 July 1991. University of 
Nebraska, Lincoln, NE. 

Meckenstock, D.I., F. Gomez, N. Reyes-Discua anid C.T. lash. 1992. 
Broomcom resistance to sorghum downy mildew. Sc., um Newsletter 
33:38-39. 

Meckenstock, D.I., E. Moncada and F. Gomez. 1992. Shade tolerant 
sorghum. Sorghum Newsletter 33:52-53. 

Molina-Juarez, L. 1992. Preliminary evaluation of 54 broomcom varieties 
(In Spanish). Ing. Agro. Thesis. Panamerican Agricultural School. El 
Zamorano, Honduras. 

Thompson, M., A.S.R. Juo and D.II. Meckenstock. 1992. tre eflect of 
stone retention walls on soil productivity and crop performance on 
selected hillside fatns in Southern 1l,r,,u'.,.z p. 72. In Agronomy 
abtracts. ASA, Madison, WI. 

Wall, G.C. and D.ll. Meckenstck. 1992. Sorghua diseases in Central 
Ameri'- and the Caribbean Basin. pp. 67-73. ',n Sorghum and millets 
discasr-: a second world revew. eds. W.A.J. de Milliano, R.A. 
Fredenksen and G.D. Bengston. Patah~cheru, A.P. 502 324, India: 
i.nterational Crops Research Institute for the S.ii-Aid Tropics. 

Presentations 

Meckenstock, Dan. Honduras Update: Inter-CRSPing in Latin America. 
TAMU Staff Conference. 6 Jan. 1992 College Station, TX. 

Meckenstock, Dan. The collaborative research support program. Short 
course on ntsqarch methodology. Kellogg Training Center, EAP. 31 
Jan. 1992- El Zamorano, Honduras. 

Meckenstock, Dan and Francisco Gomez. Advances in sorghum research 
in Honduras. External Evaluation Panel Review at TAM U. 19 February 
1991 College Station, TX. 

Cr.rritos, Guillerno. Introduction and adaptation of 54 broomcom varieties 
in Honduras. PCCMCA, 23-27 March 1992. Managua, Nicaragua. 
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Breeding Sorghum for Stability of Performance
 
Using Tropical Germplasm
 

Project UNL-115
 
D. J. Andrews
 

University of Nebraska
 

Principal Investigator 

Mr. David J. Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE 68583-0915 

Collaborating Scientists 

Dr. Louis M. Mazhani, Chief Arable Crops Officer and Sorghum Breeder, Departi-ent of Agricultural Research, 
P.O. Box 0033, Sebele, Botswana 

Mr. Peter Setimela, Sorghum Breeder, Department of Agricultural Research, P.O. Box 0033, Sebele, Botswana 
Dr. T'mde Obilana, Sorghum Breeder, SADCC/ICRISAT, Southern Africa Regional Sorghum and Millet 

Research Program, P. O. Box 776, Bulawayo, Zimbabwe 
M. Gilles Trouche, Sorghum Breeder, CNRA, Bambey, Senegal
 
Dr. J. W. Stenhouse, Sorghum Breeder, ICRISAT/India


" Dr. Fred W. Miller, Sorghum Breedi ,TAM-121, Texas A&M University, College Station, TX 
Dr. D. W. Rosenow, Sorghum Breeder, TAM-122, Texas A&M University, Lubbock, TX 
Dr. Paula Bramel-Cox, Sorghum Breeder, Kansas State University, Manhattan, KS 
Dr. J.D. Eastin, Physiologist, UNL- 116, University of Nebraska, Lincoln, NE 
Dr. J. W. Maranville, Plysioiugist, UNL- 114, University of Nebraska, Lincoln, NE 

Summary 

Most sorghum is grown for food in low resource semi-
arid conditions in Africa and Asia where there are many 
environmental constra;Tits to production, the principal of 
which are low nutierd ilevels, a variable and uncertain 
moisture svpply and many severe pests and diseases. Actual 
production is the interaction of these constraints oii the 
genetic yield potential (the comparative yielding ability) of 
the ciltivar. The tolerance of the genotype to the sum of 
these constraints consitutes adaptation. Good adaptation 
alone, howev.;r, is not enough, since yield potential has to 
be raised to in:rease production. Though some constraints 
are mor. common than others, there are differcni combina-
tions of constraints in different regions, and hence there are 
different ar,as of adapta, jn which need to be bred for 
separately. Many cultivars from ICRISAT's breeding pro
grams, while they have raised yield potentials in many LIDA 
regions, have not, in general, involved much of the high 
yield potential available in U.S. combine sorghum parents. 
In turn the genetic base of hybrid parents in the U.S. is very 
narrow in -r-ns of the total range of genetic diversity 
available. There is a fertile breeding area, therefore, that this 
project seeks to exploit, of crossing higher yielding adapted 
food quality tropical sorghums and U.S. parents. 

On hc; one hand, the resulting segregating pop.ulations 
are selected in situ in collaborative LIDA bree'ling pro-
grams to the benefit of developing countries, and on the 
other, selections are made from the same crosses for adap
tation and combining ability to broaden the genetic diversity 
in pairental lines in the U.S. 

This project works principally with the breeding pro
grams in Senegal and Botswana (but has also provided 
material in 1991 to India, Mexico, South Africa, and Zim
babwe), es well as in the Midwest of the U.S. 

In Senegal, lines from segregating materials supplied 
earlier have been selected for initial yield tests. One hundred 
and thirty-five new F, ind F2's from custuio made crosses 
with Senegalese parents were supplied. INTSORMIL seed 
parents (from projects UNL-l 15, UNL-1 16, TAM-121, and 
TAM-122) have variously given superior hybrids beth in 
dryland !csts and under irrigation in the Senegal River 
Valley, where the government is exploring possibilities of 
diversifying rice monoculture. 

InBotswana, seed parents are being developed from lines 
which were selected in situ through several drought years. 
SADCC/ICRISAT, Bulawayo, has assisted in providing 
winter nursery space and making designated backcrosses. 

In the U.S., throtgh collaboration with KSU, new seed 
parents ahd their hybrids were screene-d in dryland tests. 
Hybrids with NI 22A, a seed parent released earlier from the 
project, continued to perform well in Nebriska state tests. 
New material from Russia was introduced and evaluated for 
resistance to the new biotype, I, of greenbug. Ten sources 
of resistance were identified. 
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Ms. Chibwe Chungu, ofZambia, obtained her M.S. with 
a thesis on tester choice in evaluating new parent lines in 
sorghum. 

Objectives, Production and Utilization Constraints 

Objectives 

Objectives have changed little from the previous year as 
this is a long-term breeding project. A principal aim of this 
project is to introduce and utilize newly bred high yielding 
tropical food quality sorghums which have so far not been 
widely used in U.S. breeding programs. Utilization will be 
mainly through selection of progeny from crosses with 
superior U.S. lines. Conversely, through the same crosses, 
high yield traits from U.S. sorghums are made available for 
selection in developing countries. Appropriate parts of this 
variability in early geuerations will be used to support
breeding projects in developing countries, and in the U.S. to 
develop new varieties and parental lines, 

Constraints 

Constraints to sorghum production are both genetic and 
physical factors in the growing environment and the effects 
of fragile markets. Many existing landrace varieties, though
they are well adapted to low moisture and fertility situations 
and to numerous pests and diseases, are not efficient in 
converting dry matter they produce into grain. Their harvest 
index (HI) efficiency is poor. There are breeding stocks such 
as U.S. hybrid parent lines, which are twice as efficient in 
this process but they generally perform poorly in African 
conditions ces, .e they have little adaptation or pest/dis-
,ase resistance. A combination of traits conferring adapta-
tion and gram production efficiency is required through
breeding, as well as further improvement in the basic breed-
ing stocks (particularly seed parents) for grain yield poten-
tial per se. Combinations (lines/plants) with good adaptation
andseedqualitiescanonlybeidendifiedinsituindeveloping 
countries. Thus, segregating material genera!ed from 
crosses with stocks known to perform well in the region 
concerned, in crosses with selected high HI lines, are sup
plied for selection in collaborative projects. 

Research Approach and Project Ou:put 

ResearchMethods 

The mcst widely adapted high yielding lines and seed 
parents Crom the ICRISAT sorgnum food quality breeding 
program in India and Mexico, and the Botswana and the 
IRA'T West African sorghum breeding programs werc in-
troduced and crossed with U.S. B- and R-lines. New lines 
are teirig produced by pedigree selection during which 
criteria for agronomic value and evident fod quality grain 
are used. After F3 evaluation, remnant seed of F3 and the 
preceding F2's of crosses between appropriately adapted 
exotic lines are provided to LDC breeders to initiate collabo-
rative selection programs. At F4/F5, selectiors with per se 

worth are tested for drought/heat stress resistance, in con
junction with UNL- 116, and for combining ability. Those 
which act as nonrestorers will be considered for producing 
new seed parents. Well adapted partial inbreds/lines are 
released as germplasm stocks/parental lines for use in the 
U.S. 

The introductions are also tested for per se performance
and in hybrid combinations for possible dissemination in 
international nurseries. However, these nurseries will even
tually contain hybrkds made with lines derived from the 
exotic x U.S. crossing program. 

The research program provides opportunities and mate
rial for post-graduate student thesis problems. Both selec
t;,n and testing in the UNL-115 project is conducted without 
added fertilizer (about 50 kg N/ha is available from the 
proceeding soyabean crop), since must LDC's use little 
chemical fertilizer on dryland cereals but can use rotations 
with legumes. 

ResearchFindings 

One hundred and one new Fl 's were grown, with empha
sis on utilizing tropical, large seeded germplasm with good 
evident food grain quality. Two thousand and four hundred 
F2 to F6 lines were evaluated for potential use in host country 
programs and the U.S. Seed parent development was con
tintied on 208 lines and 58 were increased. 

Seed parents both for the U.S. and collaborative pro
grams were evaluated in testcross nurseries, initial and 
advanced tests, and in collaboration with Kansas State Uni
versity in multilocation tests. At Garden City, KS, normally 
a location of season long drought stress, excessive early
rains allowed only the expression of post-flowering stress. 
At Heston, KS, stress was extreme. Results of 6 of 18 
UNL- 115 entries and two checks are shown in Table 1.At 
each location one or more hybrids with new seed parents 
exceeded the yield of the commercial check, however, no
 
hybrid was consistently superior over all locations.
 

A second test was also grown at Mlead and Garden City, 
which compared seed parent performance per se, and their
general combining ability, as determined by crosses with 
three testers. In this test, 6 out of 10 UNL-115 seed parents
showed higher than average combining abilities (Table 2). 
The correlations between iii;e per se and hybrid performance 
were low ( r = 0.12 and 0.07 at Garden City and Mead, 
respectively). 

Two hybrids with N122A, an earlier release from this 
project, were entered into Nebraska State tests. I!22A x 
Tx430 again averaged 5-8% more than the mean of all 
commercial hybrids in tests in Zones A (South East and 
Sooith Central), B (South West), and C (West Central) zones. 
Additionally, N122A x RTx2737 recorded 18% more than 
the commercial average ii, Zones B aijd C. 
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Table 1. 	 Grain yields (kg/ha) of 6 of 58 entries and two checks at four locations in the 1991 joint KSU/UNL 
Sorghum Hybrid Test. 

Garden City 

Hybrid Dryland Irrigated Hesston Mead Mean STD 

1570 5840 0.37190M362 x RTX2721 5720 7820 
0.60090M523 x RTX2721 4820 7690 2070 	 4960 
0.73590M676 xRTX433 8920 9100 1730 	 1510 
0.67790M676 xRTX2721 6350 7370 1750 	 6930 
0.64390M709 x RTX8505 7720 7920 1800 	 2980 

6580 0.24890M593 x RTX8505 5620 6320 	 2300 
1320 7830 0.609N122A x RTX4302 6500 6450 
1620 4940 0.515P. 83792 	 6120 8900 

6580 1770 4430 0.000Mn (58 entries) 5190 

LSD 0.05 2493 2052 1402 2153 -

'Expressed s rc n of yields in standardized deviation units at each location.2 
Check hybrids. 

Table 2. 	 Standardized yields I of 10 of 50 seed parents and their hybrids with three testers over two locations in 
1991. 

Pare" Hybrid GCA 

Seed parent GCe M2 GC M GC M 

1072 -1.133 -0.739 0.744 0.165 0.495 0.021 

1086 -1.201 -1.218 0.361 0.770 0.112 0.625 

1104 -0.688 0.347 0.474 0.278 0.225 0.133 

1133 -0.680 -0.317 0.397 0.753 0.148 0.608 

1143 0.140 -0.888 -0.160 0.327 -0.409 0.182 

1176 -0.874 -0.055 0.540 0.499 0.291 0.355 

1184 -0.341 -0.828 0.679 -0.289 0.430 -0.434 

1432 -0.009 -1.358 0.584 0.356 0.335 0.211 

1437 -0.292 -0.779 0.445 0.087 0.196 -0.057 

1444 -0.079 -0.523 0.309 0.090 0.060 -0.054 

0.144 SE ±0.283 0.259Mean3 	 .0.707 -0.613 0.248 

'In sta.dardized deviation units from site mean yield of all entries.
 
2CC - Garden City, KS; M - Mead, NE
 
'M4ean of 50 seed parents, or 150 hybrids relative to site mean of all entrire.
 

Chibwe Chungu, from Zambia, in her M.S. thesis study, Introductions 
compared three different testers--an inbred, an F1 and a 
population, for their relative utility in determining the corn- One hundred and ten introductions were made from 
bining abilities of 18 potential s xe_ parents. The identifica- Russia, 159 from South Africa, and 8 from India. All were 
tion of a good general tester would reduce the number of made to increase the diversity available to the project, but 

lines needing to be sterilized, and increase the potential of a the Russian material, from Krasnodar, was made for the 
breeding program to identify and develop good seed parents. specific purpose of searching for sources of resistance to the 
The experiment was conducted at three locations. The range new race of greenbug, biotype I. In acollaborative project 
in yield of test crosses as percent of mean was, as expected, between KSU (Drs. Paula Bramel-Cox and Jerry Wilde) and 
greatest with the population tester (-30 to + 22%) and least UNL- 115, and partially funded by NPGS through the Sor
(-9 to + 11%) for the inbred tester which, although it made ghum Crop Advisory Committee, screening was conducted 
high yielding hybrids, appeared too dominant. There was, in two replicated tests in quaantine in growth chambers. 
however, no correlation between testers over or within Ten sources of resistance were identified (Table 3), the best 
locations in how they ranked the lines being tested, provid- of which, P1550610, equalled that of the only known hybrid 
ing no resolution to the problem and indicating the need for carrying resistance. Seed of the resistant sonrces was gener
further research. However, with no evidence to the contrary, ally available in time for 1992 planting.
 
one or several F, testers would be easiest to use operation
ally.
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Table 3. Mean average damage scores inTest l and Test 2 of the best 10 sorghum plant introductions from Russia 
and the checks to greenbug biotype I infestation. 

Scoret 
Test I Test 2P1 No. Cultivar 1 2 3 1 2 3
 

550610 Dirra Belaya 
 1.4 4.2 5.8 2.3 3.2 5.5 
550607 Dzhugara Belaya 1.6t 5.0 6.6 2.3 3.3 6.8 
550614 Kashtanovaya 1.4 3.2 6.4 1.8 3.0 7.0 
550631 Kshtanovaya 2 1.2 3.6 6.8 1.7 2.7 7.0 
550629 Amurskaya I 1.6t 5.2 8.0 1.7 2.8 7.0
550630 Krasnaplenchtaya 16 1.4 4.4 7.4 2.0 3.2 7.5 
550635 Kazanskaya 1.6t 5.8 7.6 2.3 3.5 7.7 
550627 Stanichnaya 7 1.6t 6.8t 8.2 3.2 4.0 7.8 
550615 Kashtanovaya Sochnostebenaya 30 1.8t 5.2 8.4 2.3 3.3 7.8 
550640 Khegari Buroc L-107 1.6t 5.8 8.4 3.3t 4.3 8.0 

Test 1 
Mean 111 entries 1.9 6.5 9.2 
Sus. check N122 2.0 7.9 9.5 
LSD (P!<0.05) 0.6 1.8 1.1 
Test 2 
Mean 18 entries 2.7 3.8 7.8 
Susc. check N122 3.8 5.7 9.3 
Resist. check (Cargill 607E) 3.2 4.0 5.5 
LSD (P! 0.05) 0.6 0.6 1.0 

t I - avenge damage scort at 7d after infestation (8din Test 2).
2 - average damage score at 10 dafter infestation (11din Test 2.)
3 - average final damage scone at 13 dafter infestation (14 d in Tess 2).Dairage scale: 0 0.1 = I to 10, 2 = 11 to 20,3- 21 to 30,4- 31 to40, 541 to50, 6,51 to 60,7 61 to 70, 8,71 to 80, 9,81 to 90 and 10,91 to 100% (death of
tht plant).
 

*Not diffcrent from susceptible checL
 

Networking Activities tions were provided from UNL-115 in 1991. Selections in 
the dryland program at Bambey have been advanced to F4Botswana and F5 aid will enter yield tests next year. Hybrid parental 
lines have been identified which variously give higher yield-Involvement continued with a collaborative selection ing hybrids in all three production conditions (dryland,

program in situ at Sebele with scientists of the Department summer and winter irrigated) including UNL- 115 seed par
of Agricultural Research. The 1991/92 season was again one ents, 336A and 737A. Visits were arranged for three scien
of severe drought with only a total of 250 mm between tists from Senegal to workshops or to see research inSeptember and February. Selection and backcrossing con- INTSORMIL projects in Nebraska, Kansas, and Texas. 
tinued in 1991 to develop drought resistance adapted seed 
parents; and procedwes developed to more quickly evaluate Germplasm Exchange
emerging lines. This has involved the use of off-season 
nurseries provided by the SADCC/ICRISAT sorghum Ten lines and 9 seed parents sent to Botswana, 135
breeder, Dr. Tunde Obilana, at Aiselby and Mzerabani to populations, lines, and seed parents sent to Senegal, 18 to
accelerate backcrossing and produce testcrosses. A 150 Mexico, 5 to SADCC/ICRISAT-Zimbabwe, 45 to South
entry Botswana backcross nursery was evaluated with Dr. Africa, 2 each to France and Yugoslavia, 110 sorghums
Obilana at Aiselby and selections identified to produce were received from Russia, 159 from South Africa, and 8 
testcrosses for evaluation in Botswana in 1992/93. Back- from ICRISAT-India. 
crossing was also continued on 12 new seed parents at 
Sebele, where good sterility was expressed. Publications 

Senegal (see also Senegal Country Report) Assibi, A. M D. J. Andrews, and J.11. llarris. 1991. Relation of seedling 
vigor in .tghum [Sorghum bicolor (L.) Moench] inbreds to seed 'ize
and mobilization of seed reserves. Agron. Abstr. p. 85.INTSORMIL collaborated with the ISRA/CIRAD sor- Chu'sgu. Chibwe. 1992. Tester choice in evaluating new parental lines in

ghum breeder at Bambey, Mr. Gilles Trouche on the supply grain sorghum. M. S. Thesis, Univ. of Nebraska-Lincoln. pp. 128.
and evaluation of segregating material and parental lines Chungu, Chibwe, A. M. Abdullai. J.If. larris, and D. J.Andrews. 1991.Tester choice in evaluating new parental lines in grain sorghum (Sorfrom severli INTSORMIL projects (UNL- 115, UNL- 116, ghum bicolor). Agron. Abstr. p. 90. 
TAM-121 and TAM-122). One hundred and twenty-five Zavala-Garcitt, F., P. J. Bramel-Cox, J. D. Eastin, M. D. "Wit, and D. J.Fl 's and progenies from crosses with Senegalese introduc- Andrews. 1992. Increasing the efficiency of crop selection for unpredictable environments. Crop Sci. 32:51-57. 
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Summary 

Pearl millet is the only cereal adapted to the driest and 
hottest of the lowland crop cultivation zones in Africa and 
Asia, principally in the sandy regions of West Africa and 
northwest India. Though pearl millet will grow well in more 
humid areas with better soils, it is in these harsh climates, 
where it is the major food cereal, where improvements to 
production are primarily needed. Physical constraints to 
production are low and erratic rainfall with frequent drought 
periods, and low soil nutrient status. Principal among many 
biotic constraints are downy mildew and ergo', diseases. 
Actual production is a resut of the interaction of these 
production constraints on the yielding ability of the cultivar. 
Whcre the physical constraints (drought, low soil nutrierts) 
are strong, agronomic interventions will have large effects 
on production, however, these are often too expensive, or 
otherwise unacceptable, to low resource farmers. Seed of 
new cultivars of higher yielding ability is more cost effec-
tive, even without agronomic support, but more effective 
with and encourages the use of better agronomic practices. 
However, seed of new pearl millet cultivars, both varieties 

and hybrids, have been widely accepted, even withoui 
changes of agronomic practice by low resource farmers in 
India. 

The goals ofthis project are several. To uevelop parental 
material of higher yielding abi!L-y that can be used in col
laborative breeding progiams in developing countries, and 
to develop new varieties and hybrids in the USA. To 
research ways of improving breeding populations and the 
best ways of makng varieties and hybrids for developing 
country breeding programs, and in the USA, to research 
various constraints to growing pearl millet as a combine feed 
crop. And, finally, to provide students from the on-going 
research, thesis topics which are relevant to the problf,'1q 
they will face in their rescaich programs at home. 

Pearl millet research continued both in collaboration with 
ISRA in Senegal, and DAR in Botswana. In Botswana, a 
new variety made with assstance from SADCC/ICRISAT 
from the most widely used cultivar, Botswana Serere 6A, 
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which was highly variable, was not significantly better in 
two out of the five tests whicL produced results, however, 
several introduced varieties were higher yielding. Follow-
ing research on topeross hybrids in this piojcct ann else-
where, these will be tried '.ing the best cultivars in 
Botswana. In Senegal, project material was titized in both 
the dryland breeding program, to produce udipted lines for 
synthetic variety production, and in irrigated conditions in 
the Senegal River Valley. Here, in disease free environ-
ments, dwarf varieties and hybrids from UNL 115 and KSU 
101 yielded up to 30% more, and were earlier maturing, than 
locally produced cultivars. Grain yields exceeded 4000 
kg/ha in 75-85 days. 

In the U.S. joint research with Glenn Burton, 
USDA/ARS, Tifton, GA, on population improvement con-
tinued and good evidence of potential gain was shown. 
Barnabas Kiula, Tanzania, continued research on producing 
topcross hybrids, showing that this is normally possible 
without the use of cytoplasmic male sterility. Two 
germplasms were released, the first to be made in U.S. 
specifically for grain production. Research on the use of a 
new male sterile cytoplasm greatly increased the possibility 
of its early utilization, through the discovery of several 
restorers in agronomically useful backgrounds. 

Lisa Boggs, Nebraska, in her M.A. thesis on pearl millet 
cultivation, showed that atrazine herbicide was more effec
tive in weed control than mechanical cultivation in early 
plantings on a dwarf grain hybrid in medium or narrow row 
spacings which are needed for highest yields. Dr. Anand 
Kumar, visiting from the ICRISAT, Sahelien Center, Niger, 
showed that short photoperiods, as in the Niger growing 
season, still had an effect on cultivars bred in Nebraska, by
reducing their time to maturity, with a consequent effect op 
yield, however, the number of tillers surviving to produce 
grain surprisingly increased 45%. Chinch bugs are a noen-
tial threat in some areas of possible pearl millet production
in the U.S. Three seasons of selection have shown there is 
tolerance present in adapted germplasm. Using grain from 
the regional pearl millet tests grown in Indiana and Ne-
bras!:a, the level and vriability of grain nitrogen content 
was compared between parents, hybrids, varieties, and sor-
ghum checks. Total grain nitrogen averages varied signifi-
cantly across locations from 1.6% o 2.0% for pearl millet 
and 1.2% to 1.8% for sorghum. Levels were highest in 
inbreds, but varieties, hybrids, and topcross hybrids as 
groups, wtre not different. Pearl millet always had higher 
grain Nconents than sorghum. 

Objectives, Production, and Utilization Constraints 

Objectives 

The objectives of the breeding program, with slight
modifications remain as in previous years: 

To establish a diverse base of agronomically elite inbred 
and semi-inbred lines from crosses between U.S parents 

and introduced tropically adapted stocks and from prior 
program material. The establishment of such a base of 
diversity with yield potential is fundamental to practical 
collaboration on genetic improvement in LDC's in the long
term where populations from specific crosses between su
perior UNL-118 lines and collaborating country stocks will 
be selected in that country. It also permits hypotheses to be 
tested about the relative potential of various types of varie
ties and hybrids and parental breeding procedures and also 
enables the identification of parents to make hybrids adapted 
to the U.S. 

A type of modified mass selection is being tested on the 
Nebraska dwarf millet population (NBDMP) generated
from introductions from Senegal, India, Hays, KS, and 
Tifton, GA, prior to 1984. Recurrent restricted phenotypic 
selection has commenced on a UNL-1 18 population coop
eratively with Glenn Burton, Tifton, GA. Besides informa
tion, improved lines and varieties will result from this 
process. 

Training LDC personnel in plant breeding and genetics 
is an important objective. Both of the above breeding ap
proaches provide opportunities and material for post-gradu
ate student theses. 

Constraints 

Constraints to pearl millet production arc both genetic 
and physical factors in the growing environment and the 
effects of fragile markets. Many existing landrace varieties, 
though they are well adapted to low moisture and fertility 
situations and to numerous pests and diseases, are not efi
cient in converting the dry matter they produce into grain.
Their harvest index (1H) efficiency is poor. The.-e are breed
ing stocks which are twice as efficient in this process but 
they generally perform poorly inAfrican conditions because 
they have little adaptation or pest/disease resistance. A 
combination of traits conferring adaptation, growth rate, and 
grain production efflciency is required through bleedling, as 
well as further improvement in basic breeding stocks (par
ticularly seed parents) for grain yield potential per se. Corn
binations (lines/plants) with good adaptation qualities can 
only be identified itn situ in developing countries. Thus, 
segregating material generated from crosses with stocks 
known to perform well in the regic iconcernd, to selected 
high HI lines, are developed for selection in collaborative 
projec.ts. 

The selection criteria used in devzloping improved basic 
breeding stocks are numerous and involve morphological 
and physiologicel traits and estimates of genetic coinbininig
ability for performance. Principa. inorphologica taits in
volve delerminants of seed v',.'nber/m 2 md seed size. Per
formance dita u.der rois trstess and lower soil fertility 
are needed. both specific and general combining ability 
estimates are needed. These are princip;Uiy thought of in the 
context of hybrid parent developmlent (fo: pollen and seed 
parents, respeciively), but these estimates ae also of use in 
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identifying parents for varieties (synthetics), and possibly 
for indicating parental worth, which will be important in 
generating collaborative material for selection. 

Research Approach and Project Output 

Resear ch Methods 

Inbreds and partial inbreds are being produced from 
crosses with e: isting and new introductions (since 1984). 
These are selected for suitability as parental material for 
varieties, parent lines (particularly seed parents) for hybrids 
and as parents to cross with LDC material-to supply both 
hybrids and segregating populations for selection in col-
laborative LDC programs. The first of such crosses was 
made in 1987. Producing satisfactory inbreds in pearl millet 
is a relatively protracted process. Unless parents previously 
selected for good seed set are used, considerable attrition 
during selection may be expected. 

As more inbreds become available in the program, ways 
of making bybrids other than using cytoplasmic male steril-
ity in CMS A-lines are being explored. This is because the 
development of A-lines both delays and icztricts the devel
opment of hybrids to a small percentage of the total useful 
hybrid combinations possible among the inbreds and varie-
ties being produced in a breeding program. When pearl 
millet flowers, the period of protogyny, when the head is 
only female fertile, prior to anther dehiscence, provides a 
natural opportunity to make hybrid seed with any line or 
variety shedding pollen at that time. Since some self-polli- 
nation in the female "seed" parent lines is possible with tiis 
method of m!king hybrid seed, the effect of contolled 
amounts of this on hybrid performance is being measured. 
In developing countries, where such protogyny hybrids 
(pro-hybrids, as they are termed) may be most useful, the 
use of tall pollinators on dwarf or semidwarf female lines 
will minimize the effects of any self pollination inthe female 
parent through the unequal competition between hybrid and 
inbred plants. Pro-hybrids will also avoid the .ddiional 
sensitivity to ergot commonly associated with hybrids made 
with any cytoplasmic male sterility (cms) seed parent. 

Since pearl millet isa cross-pollinating crop, oxpulation 
improvement is a relevant breeding approach, particularly 
for LDC conditions where selection is needed simultanc
ously for many adaptive traits and hetero, ygosity must be 
maintained. Research into the utilization of recurrent selec
tion is being conductM (using the NBDMP and the NTPC 
populations) and ways of using products of recurrent selec-
tion relevant to LDC conditions are being tcsted. Equally 
transferable will be the methods and operational technique-
being developed. 

Research Findings 

Research in the U.S. 

Germplasm enhancement continued both through pedi
gree breeding and recurrent selection, lines were evaluated 
both in hybrid combinations and for variety production. 
Two types of hybrids were investigated and the fourth year 
of the regional grain yield test coordinated. 

Pedigree Breeding 

Fifty-four new exotic x adapted and adapted x adapted 
F,'s were grown and 600 F2 to F6 lines evaluated. New 
introductions were made from ICRISAT breeding programs 
in Niger and India. Selection emphasis continued on per se 
performance and lodging resistance for material intended 
for the USA. The continued presence of chinch bugs enabled 
further selection to be made for resistance to this pest. 
Screening was continued for propachlor and atrazine herbi
cide tolerance in a sepaate inbred nursery and in three 
isolations composed of random-mating progeny derived 
from F, crosses of herbicide tolerant lines. 

The development of good combining seed parents based 
on the A, cms system continued and yield testing confirmed 
the usefulness of seed parents 293A, 378A, and 413A. 
Several new restorers were also identified. Significant ad
vances were made in utilizing the A4 (monodii) cms system 
which acts independently of the A, system. Unlike the A1 
system, almost all lines are maintainers (which means most 
good lines can be converted to seed parents) so the utility of 
the system depends on finding good restorers. Ten different 
elite A4 restorer lines, each in different backgrounds but 
derived in total from three sources of restoration, were 
discovered and a random-mating restorer population was 
initiated. Additional testcrosses to an A4 seed parent line 
were made with all lines in the program which contained 
any of the known A4 restoration sources in their parentage. 

Observations in the winter nursery, where strong stress 
exists on fertility restoration in tes!crosses, indicate that 
restoration in the A4 system is either under simpler genetic 
control than the A, system and/or is less environmentally 
sensitive. 

Fecurrent Sclection 

rwo dwarf grain germplasms were released, NPM-l and 
NPM-2, generated from the Nebraska Dwarf Pearl Millet 
Popu;ation (NBDMP), Both gemiplasms and their topcros
ses had been multi-locationally tested in the Regional Pearl 
Millet Grain Test for three years and had shown good 
combining ability (22 and 23%, respectively) (Table 1). The 
principal aim of these releases is to provide breeders with 
germplasmn from which A1 restorers can be selected. 

In collaboration with Dr. Glenn Burton, Tifton, GA, 
recurrent selection was commenced on a narrow based 
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Table 1. 	 Mean grain yield of two pearl millet germplasm populations, NPMl (MLS) and NPM2 (EDS), and their 
respective topcrcsses to a male sterile Al inbred (68A) at seven locations in the U.S. (data taken from
1988, 1989 and 1990 Pearl Millet Regional Tests) 

Odtivar Regional test LSDJ 
Locationt NPMI NPM2 68A x NPMI 68A x NPM2 averaget (0.05) 

----------------------------- kgha' 
Tifton, GA 2050 2030 2640 2540 2870 1990 
West Lafayette, IN 3110 2840 3740 3670 3030 470 
Hays, KS 2390 1870 3160 2820 2480 490 
Mead, NE 3100 2620 3990 3680 3390 460 
Sidney, NE 2910 3050 3480 3550 2870 1350 
Starkville, MS 1850 2190 3020 2900 2790 1780 
Carrington, ND 3090 2580 3670 3670 2370 840 
Mean (16 tests) 2660 2440 3410 3260 2880 240 
t Mean yields arc calculated using a three year average at West Lafayette, Hays and Mead, a two year aveage at Tifton, Sidney and Starkville, and a single yeartest at

Carrington.
t Mean yield of all pearl millet varieties, topcrmas hybrids and single-cross hybrids entered inregional tests (13 entries in 1988, 8 entries in 1989 and 12 entries in1990).
§ LSD calculated using genotype a envirnment interaction mean square as ermr tem. 

Table 2. 	 Selection differentials for grain yield, head number, height and days to bloom on progeny retained for 
random-mating from the first cycle of selection in the Nebraska Tifton Polycross Composite (NTPC)
grown in a 9 x 9 lattice square atMead, 1991. 

Plot yield Head/lot Height Bloom 

16 selected entries 
() 

1056.5 
SD% 

30.0 
no. 

64.3 
SD% 

18.6 
(cm) 

104.1 
SD% 

8.1 
days 

63.7 
SD% 
2.3 

Mead exp. var. (entries 38,
55,56 & 76) 
Mean of all 80 progenies 

1083.3" 
812.7 

33.3 
-

61.8 
54.2 

14.0 
-

94.1 
96.3 

-1.7 
-

64.9 
65.2 

-0.5 
-

,Selection differential - mean of selected progenies/mean of all progenies. 

population (NTPC) based on four genetically different par- Hybrids 
ents of known high combining ability, as evidenced by their 
singlc-cross hybrid perfoimance at several locations inc!tjd- Tests of mixtures with various percentages of selfed
ing Sidney, NE. This parallels work Dr. Burton has done female parent seed in four pro-hybrids (hybrids made using
with Pensacola bahia grass, where equally good progress the natural protogyny period which occurs in the flowering
has been o.ade with narrow based as compared to broad process of pearl millet, instead of cytoplasmic male sterility,
based popu'ations. The advantage of narrow based popula- see 1990 AR) were conducted by Barnabus Kiula, Tanzania,
tions is the relatively high yield level of the base populaticn. as part of his M.S. thesis. These confirmed that in three outIn the first NTPC progeny tesL a 9x 9 lattice of 80 restricted of the four pro-hybrids tested (one topcross and three sin
half-sib progenies (each derived from a single superior plant gle-crosses), the presence of up to 20% selfed seed of the
from a random-mated population pollinated with bulk pol- female parent, has a less effect on performance of the hybrid
len from all 80 superior plants), a good range of phenotypic titan expected. In the topcross hybrid 68A x MLS the mean
variability for grain yield (50-150% of mean) was shown. reduction in three years' tests from adding 20% of selfed 
As expe~.ted, however, correlations of grain yield with in- seed to the hybrid was 6.5%, indicating that the inbied
creased plant height (r = 0.65) and higher head number (r = seedlings competed weakly with the hybrid seedlings, wad
0.89) were relatively strong but weak with maturity (days to that the hybiid largely compensated for the decrease in its
bloom, r = 0.26). A 30% selection differential was possible plant population. Similarly, in two of the single-crosses the
with a 20% selection pressure (Table 2) with little adverse mean yield redaction fcr ;rdding 20% ofselfed parental seed
affect on height to the hybrid seed was 2 and 7%, respectively. 

Parents fbr 	an experimental variety (a subpopulation Ia the third single-cross hybrid, 205 x 319, there was 
made from four of the highest yielding most agronomically again a significant reduction (21%) in yield when 20%
elite progenies) wc:e identified for random-mating sepa- parental seed was added to the hybrid. The explanation may
ratly. A slightly higher selection differential was possible be that the inbred plants, though they were lower yielding,
with a reduclion in the adverse correlation of yield with were vigorous and the hybrid, in this case, was not much 
height and maturity (Table 2). taller than the parents. 
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Table 3. Effect of planting date, weed control and row spacing on grain yield (kg ha-1) on a dwarf pearl millet 
hybrid (2068Ax57028R) at Mead, NE in 1991. 

Row spacing 

Plantin date Weed ccrntrol 30.5 cm 61.0 cm 91.5 cm 

Early Cultivation 4000 4040 3430 

No cultivation 2980 3150 2560 

Atrazine 4310 4380 3880 

Medium Cultivation 4150 3820 3930 

No cultivation 3500 3560 2300 

Atrazine 3530 3430 3040 

2440Late Cultivation 2330 2140 

No cultivation 2470 2600 1770 

Atrazine 2140 2510 2480 

Planting date LSD (0.05)-891 
Weed control LSD (0.05).232 
Row spacing LSD (0.05)-217 

'Ihe inferences so far are that where the hybrid will be ings (30.5, 61.0, and 91.5 cm apart) where an equal number 
taller than the inbred/population used as the female (as ina of hybrid seeds/m2 were planted. Late planting significantly 
cross between a tall African cultivar and a short adapted reduced grain yields compared to yields from early and 
cultivar) this method of producing hybrids even with 20% medium planting dates, which were not greatly different 
female selfing (5% has previously been measured in West (Table 3). There was no difference in the yields from 30.5 
Africa) with its many advantages to low input agriculture, or 60 cm rows in cultivated and noncultivated treatments but 
is feasible. Hybrids between two dwarf parents may also both were significantly better than 91.5 cm rows except in 
work, but the affect of the presence of selfed female parent the latest planting where grain development was arrested by 
seed will need to be quantified. an early killing freeze. The use of atrazine was effective in 

reducing weed competition and produced grain yields which 

Piotoperiod Effects were better than cultivation alone or no cultivation in the 
earliest planting. Yields in the later plantings with atrazine 

Dr. Anand Kumar, a visiting scientist at UNL from the were significantly better than no cultivation in only the 
ICRISAT Sahelien Center, Niger, using growth chambers widest row spacing. 
investigated the effects of a short day photoperiod of 13 hrs. 
(as typical of Niger) or pearl millet genotypz.s bred iii Chinch Bug, 
Nebraska where day length reaches 15 hrs. The main effect 
of short days was to reduce time to bloom and total dry Chinch bugs (Blissus leucopterus leucopterus) occur in 
matter accumulation. Average relative growth rates were some areas of the U.S. where pearl millet could potentially 
reduced from 0.94 to 0.74 g/plant/day. Seed numberand size be grown as a grain crop. In these situations, p-,arl millet 
were also reduced resulting in a 26% reduction in grain would be another alternative host along with barley, wheat, 
yield/plant. A major difference was that 45% more tillers corn, grain sorghum, and many wild grasses. The effects of 
survived under short days to produce yield, the natural incidence of chinch bugs on grain yield, time to 

senescence and other traits were investigated by John Ra-
Agronomy jewski on three hybrid trials grown at Mead, NE, in 1990 

and 1991. Since genotypic differences in the duration of 
The introduc, ion of pearl millet into U.S. fanning sys- plant development periods particularly after anthesis, can 

teins requir",s the investigation of several factors that affect change in different environments, growing degree unii 
overall yield. Lisa Boggs of lebraska in her M.S. thesis (GDU) accumulation was used to help standardize effects. 
investigated effects and interactions of planting date, row Post-anthesis chinch bug tolerance was measured as both 
spacing, and weed control. Pearl millet in narrow row spac- the date of plant senescence (when 50% of the plants had 
ings may utilize its tillering capacity to increase yield in died due to chinch bug attack) and by the duration of the 
some farming systems. Although pearl millet lacks toler- post-anthesis nonsenescence interval (PANSI). Results 
ance to most grass herbicides (though progress has been showed Jat pearl millet hybrids differed significantly for 
made in selecting for propachlor resistance), low rates of chinch bug to!ernce measured either as days or GDU's to 
atrazine on silty clay loam soils wilt not normally red'ice senescence or for PANSI, however, the use of GDU's was 
emergence or hybrid giowth. Experimeaital treatments were more efctive in detecting differences in tolerance. Grain 
3planting dates (May 20, June 7 ana 24), three weed control yield, secd weight and seed numbcr/m 2 were higher and 
treatments (no cultivation, hand cultivation, and use of lodging decreased with the delay in senescence. Earlier 
pre-emergence atrazine at 1.12 kg/ha), and three row spac- anthesis was associated with a larger PANSI sug.gesting that 
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Figure 1. Total Grain N (%) means of pearl millet cultivar types and grain sorghum hybrids at three locations in 
1988. 
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several earlier hybrids had good post-anthesis tolerance. action for total grain N was observed only within the group
Breeding programs should be able to develop genotypes of of inbred lines. Correlation analysis indicated that grain 
various maturities with chinch bug tolerance. yield, seed number, and seed weight did not influence total 

grain N of the varieties, topcross hybrids, and single-cross 
Grain Nitrogen hybrids. 

Previous work has shown that selection for protein has Regionil Test 
been effective in increasing the level of grain protein of pearl 
millet inbred lines. Since topcross and single-cross hybrids The fourth pearl millet regional grain yield test contain
have the potential to out yield varieties in many environ- ing 18 pearl millet entries (from ARS, Tifton, GA; Kansas 
ments, a preliminary study was conducted to determine the State University, Hays, KS; and University of Nebraska, 
effect of cultivar types and environment on the nitrogen Lincoln, NE) and two medium-early sorghum checks were 
content of the grain. Total grain N was analyzed from four planted in 1991 at 7 locations in Georgia (Tifton), Indiana 
pearl millet cultivar types (3 varieties, 3 topcross hybrids, 7 (Purdue), Kansas (Hays), Nebraska (Lincoln and Sidney), 
inbred lines, and 7 single-cross hybrids) and two sorghum North Dakota (Carrington), and Oregon (Hermiston). Poor 
hybrids grown in 1938 at three environmentally diverse establishment or early frosts danaged the tests in Purdue 
locations in Indiana (Purdue) and Nebraska (Mead and and Sidney. 
Sidney). Total grain nitrogen location averages ranged from 
1.6 to 2.0% for pearl millet and 1 2 to 1.8% for the sorghum Mean pearl millet yields varied at different locations 
checks. Pearl millet varietes did not differ significantly from 1470 to 3170 kg/ha. One or more pearl millet hybrids 
from their respective topcrosses in total grain N (Figure 1), exceeded both sorghtom checks at Tifton, Carrington, and 
but total grain Nof the inbreds was significantly greater than Hermiston but no enLy was consistently top yielding. Com
their single-cross hybrids. A genotype x environment inter- bined results to date suggest that at least two adaptation 
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zones exist. A southern zone, as represented by Georgia the necessity of using soils with some drainage (which 
where slightly later and certainly rust resistant cultivars are would be less suitable for rice) for successful pearl millet 
needed, and the Midwest/Great Plains zone where earlier production. The factors of irrigation frequency and amount, 
(particularly in western Nebraska and further north) lodging and fertilizer response which were investigated in two tests 
resistant cultivars are required. in the hot, dry season to provide some data for the construc

tion of partial production budgets. No difference was oh-
Networking Activities served between irrigation treatments but less frequent (once 

a week) irrigations which meet 75% of the crops potential 
Botswana evapotranspiration needs were the most economical. Aver

age yield levels in the irrigation test were 4000 kg/ha. Inthe 
An experimental variety 92 BS 6-1 developed in collabo- fertilizer test the nil treatment gave 3300 kg/ha while the 

ration with the Department of Agricultural Research, Bot- response from a split dose totalling 66 kg/N and 21 kg each 
swana, and the SADCC/ICRISAT millet program at of P and K was an additional 1570 kg/ha. 
Bulawayo was tested in 5 multilocation tests in Botswana. 
Due to c.,itinued severe drought conditions, results were The data gathered in this phase of the Senegal support 
only obtained from two locations, Sebele and Matsaudi, project has identified the best cultivars and will enable the 
where experimental mean yields were 670 and 1390 kg/ha feasibility of growing pearl millet in the Senegal River 
The yields of 92 BS 6-1 were not significantly different than Valley to be calculated. 
its parent population, Botswana Serere 6A. However, yields 
of a number of new varieties from the SADCC/ICRISAT Germplasm Exchange 
program at Bulawayo were significantly higher than 91 BS 
6-1, including SDMV89004, which was recently released in Thirteen hybrids and varieties were supplied to Senegal 
neighboring areas of Zimbabwe as PMV-2. Work will be One variety and five hybrids to Colombia 
suspended on Serere 6A but studies will continue on the Five lines and hybrids to TAMU 
utilization of topcross hybrids in stress production condi- Twenty-one lines to ICRISAT-India 
tions. This follows findings from sorghum research con- Twenty-five lines to ICRISAT-Niger 
ducted in Botswana, showing that hybrids or mixtures of Twenty-four lines and populations were received from 
hybrids (analogous to topcross hybrids in pearl millet) give ICRISAT-Hyderabad. 
better and more stable yields than varieties in low produc
tion environmets. Publications 

Senegal (See also Senegal Country Report) Publications 

Work continued in the third year of participating in the Anand Kumar, K., and D. J.Andrews. 1991. Effect of photoperiod teat
millet.

SAR IIproject funded by USAID/Dakar insupporting pearl menta on morphological tsu and yield components in pearl 
Agron. Abstr. p. 85. 

millet research and pathology at CNRA Bambey, and, at the Andrews, D. J., Barnabas Kiula, and J.F. Rajewski. 1991. The use of 

request of the Government of Senegal, evaluating pearl protogyny to make grain hybrids in pearl millet Agron. Abstr. p. 35. 

millet for potential under irrigation in the Senegal River Andrew,, D. J., and J.F. Rajewski. 1992. 1991 Pearl Millet Regional Grain 
Yield Test. Dept of Agronomy, UN-L. pp. 5 

Valley, with the objective of providing altemai,,es to rice lloggs. L. L. 1992. Planting date, row spacing, and weed control effects on 

dwarf grain pearl millet production. M.A. thesis, Chadron State Colmonoculture. 
lege, Nebraska. pp. 33. 

ChirwL, R. M., D. J. Andrews, and J. F. Rajewski. 1991. Estimation of 
At Bambey selection for yield and downy mildew rests- synthetic variety yields in grain pearl millet through parental line 

in the F4/F5 inbreds derived from F2 's evaluation, per se and intester c-,'binstions. Agron. Abstr. p. 90.tance continued 
lain, R. P., S. 11.Chavan, 8. S.Talukdar, a;d 1). 1.Andrews. 1991.

provided by INTSORMIL, and synthetic varietics will now 
Registration of ICMS 7703 pearl millet. Crop Sci. 3':1381-1382. 

be produced. Further crosses wcrc made, and F2 's grown. Rajewski, A.F., i). J Andrews, and F. R. Muza. 1991. Grain yield and total 

Pathology work continued on the identification of stable grain nitrogen of pearl millet single-cross and topcross hybrids. Agron. 

ymildew resistance, and screening for ergot Abstr. p. 112. 
sources of downy Stegmeier, W.D., R. L. Vanderlip, and 1). J. Andrews. 1991. The develop

merit of pearl millet as afood and feed grain crop for the Central Greatresistance. 
Plains. Agron. Abstr. p. 161. 

Variety tests on tall varieties and earlier maturing (75-85 
days to maturity) dwarf varieties and hybrids were con- Presentations 
ducted under irrigation in both the rainy season and the hot. Andr,'ws, D. ,J., J.F. RaJewski. ad Anand Kumr. 1991. P'earl millet,(pantngFbru~y)in thle Senegal River Valley. 
dry season (planting Februy) intnew grain crop. Second New Crops Symposium. Indianapolis, Purdue 

General conclusions to date are that dwarf cul'ivars give University, October 5.9, 1992. 

higher yields than tall cultivars and that the hot dry season 
is the best opportunity for pearl millet to i1 into the cropping 
pattern because yields are highest then (4000 kg/ha from 
varieties, 20% more from hybrids). Experience from con
ducting experiments in the Senegal River Valley indicate 

dryeasn 

177 



Crop Utilization and Marketing
 

179 



Crop Utilization and Marketing 

Chemical and Physical Aspects of Food 
and Nutritional Quality of Sorghum 

Project PRF-103B
 
Bruce R. Hamaker and Allen W. Kirleis
 

Purdue University
 

Principal Investigators 

Dr. Bruce R. Hamaker and Dr. Allen W. Kirleis, Department of Food Science, Smith Hall, Purdue University, 
West Lafayette, IN 

Collaborating Scientists 

Mr. Moussa Oumarou, Chemist INRAN, Niger 
Mr. Adam Aboubacar, Czreal Chemist, INRAN, Niger 
Dr. SiUt Badi, Cereal Chemist, Food Research Centre, Agriculture Research Corporation, Khartoum North, 

Sudan
 
Dr. John Axtell, Agronomy Department, Purdue University, West Lafayette, IN
 
Dr. Gebisa Ejeta, Agronomy Department, Purdue University, West Lafayette, IN
 
Dr. Larry Butler, Agronomy Department, Purdue University, West Lafayette, IN 
Dr. Abdel-Mageed Abass Mohamed, Department of Food Science, Purdue University, West Lafayette, IN 

Summary 

Sadly, 1992 was a year of transition for the food quality 
project at Purdue with the death of Dr. Allen Kirleis in 
March after a long struggle with cancer. Dr. Hamaker ar- 
rived in February 1992 and directed the Year 13 PRF-103B 
project until June. In July, following a national competition, 
anew food quality project (PRF- 112) was awarded to Pur-
due. The work reported here is, in part, a report of acontinu-
ation of Allen's studies, though it also contains findings 
from projects recently developed in the area of rorghum 
utilization. Future plans include an additional emphasis on 
projects related to sorghum and millet processing, as well as 
fundamental studies to improve grain quality. 

We are coming closer to understanding the biochemical 
basis of the poor protein digestibility problem in sorghum. 
Such knowledge would permit breeding studies to develop 
sorghum with digestibility comparable to maize and would 
increase ourability to processsorghum to a highly digestible 
product. Immunolocation studies by transmission electron 
microscopy of the sorghum endosperm, using antilxxlies 
developed against tx-, B-,and y-kafirins inthe rabbit, showed 
digestion of the protein bodies to be different in uncooked 
and cooked flour.Pitting of protein bodies occurred during 
uncooked digestion, was not obscrved after cooking, though 
was present if flour was cooked with a reducing agent. 
!idigt,7,tible remnants of protein bodies appeared to contain 
more B- and y-kafirin. These proteins may form relatively 
indigestible complexes possibly with other proteins that 
wovld decrease the rate of digestion of the protein bodies. 
A high molecular weight nonkafirin protein, in the 1X) kl)a 
range, was identified that may be associated with the y-
kafirin. This protein was the last nonkafirin protein to be 
digested prior to kafirin digestion in cooked sorghum and 

was only extractable under the same conditions necessary 
toextracty-kafirin.Weareconductingfurtherstudieson this 
protein. A study on grain development showed protein 
digestibility to be high at early stages and decrease at later 
stages of development, and markedly after kafirin synthesis 
was complete. i nus was shown to be related to grain diying 
and disulfide bond fornation. 

Sorgtum tuwo, the Nigerien porridge, was evaluated in 
Niger by sensory panels and texture attributes were com
pared with objective laboratory methods to measure texture. 
The Precision Penetrometer and Instron UTM both corre
lated significantly with consumer ratings, although the slope 
of the compression curve of the Instron test was the best 
predictor of consumer acceptance. Ejiginecring units were 
also used to describe firmness and were applied to differen
tiate porridges made from cultivars differing in endosperm 
hardness. A cultivar/flour-wate: ratio interaction for por
ridge innness was found to be significant indicating that 
increasing flour concentration does riot always lead to in
creases in porridge firniness. Percent endospcrm vitreous
ness and amylose content significantly correlated with 
Instron firminess. 

Ohjectives, Production and Utilization Constraints 

Objectives 

Develop an understanding of traditional village sorghum 
foodl processing and preparation procedures and determine 
the grain characteristics that influence the functional and 
organoleptic properties of traditional food products, 
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Develop laboratory screening methods for use in LDC 
breeding programs to evaluate the food quality chaac-
teristics of sorghum grain, 

Determine relationships among the physical, structural, 
and chemical components of grain that affect the food and 
nutritional quality of sorghum. 

Determine the biochemica; basis for the poor protein 
digestibility of cooked sorghum preparations. 

Constraints 

Research on the food and nutritional quality of sorghum 
grain is of major importance in developing countries. Fac-
tors affecting milling properties, food quality, and nutri-
tional value of zorghum critically affects other efforts to 
improve the crop. If the grain is notacceptable to consumers, 
then grain yield and other agronomic improvements to the 
crop are lost. In addition, the breeding grains that have 
superor quality traits will more likely give rise to processed 
food products that can be successfully and competitively 
marketed. This is especially true for soighum which is 
perceived in seme areas to have poor quality characteristics, 
The ove.ill goal of this project is to improve food and 
nutritional quality of sorgh-im and millet through a better 
anderstanding of the structural and chemical components of 
the grain that affect quality. This knowledge will be applied 
to develop useful methodologies for screening sorghum 
germplasm for end-use quality, develop processing tech-
niques to make the grain more nutritious, and improve grain 
utiizatien through processing. 

Research Approach and Project Output 

DigestibilityofSorghum Proteins 

Digestion of ct-, B-, and '-Kafirin Proteins 

In vivo and in vitrodigestibility studies on sorghum have 
shown that the prolamin storage protein fraction, kafirin, is 
the least digestible protein in the grain. This resistance to 
digestion increases when sorghum is cooked, a charac-
teristic unique to sorghum and rice, tho.igh more pro-
nounced in sorghum. Digestibility of cooked sorghum was 
previously shown to increase to the level in the uncooked 
grain when a reducing agent, which cleaves disulfide bonds, 
was added to the cooking mixture. Thus, it isproposed that 
cooking promotes the formation of relatively indigestible 
disulfide-linked protein polymers. The prolamins are clas-
sified as a, B,and y-kafirins based on differences in molecu
lar weight, solubility, and structure. These proteins are 
found in protein bodies inthe sorghum endosperm and were 
previously shown in this laboratory to be oriented in differ-
ent locations with in the bodies. The majority of te kafirins 
are found in the central part of the protein body and are of 
the ax type; B-and y-kafirins are located in the periphery and 
dark-staining inclusion bodies of the protein bodies. The 
latter two classes contain reatively high amounts ofcysteine 

residues which can form intra- and intermolecular disulfide 
bonds.Therelativedigestibilityofeachkafirinclass was the 
subject of the following study. 

Immunocytochemical methods, using rabbit antibodies 
against the three kafirin classes, were employed to examine 
the relative digestion of the kafirin proteins in uncooked and 
cooked sorghum flour with and without a reducing agent. 
Following digestion with pepsin, samples were imrnunola
beled with gold-conjugated antibodies against each kafirin 
and were observed by transmission electron microscopy 
(TFM). Uncooked pai dally digested sorghum flour protein 
bodies showed surface pitting under TEM. As in the native 
protein bodies, a-kafirins were immunolocated in the cen
tral light-staining regions and B-and y-kafirins were in the 
periphery and dark-staining regions. After further digestion 
a darkly stained remnant appeared to be left, possibly rep
resenting the inclusion bodies. Treatment with the reducing 
agent sodium bisulfite increased the number of protein 
bodies that were digested. Following cooking, protein bod
ies changed in shape becoming oblong; no pitting was 
observed after partial digestion. When cooked with a reduc
ing agent, surface pitting was observed as was more rapid 
digestion of the protein bodies. 

In order to quantitate the disappearance of the three 
kafirins, enzyme-linked immunosorbnt assay (ELISA) was 
developed using the rabbit antibodies. Uncooked sorghum 
samples, treated with or without a reducing agent, were 
digested with pepsin and the undigested protein residue was 
extractd and immunoassayed for the different kafirins. 
Unexpectedly, it was found that in uncooked flour 13-and 

y-kafirins were digested more completely than the c-kafi'
ins. However, this may simply be due to the fact that the 
a-kafhrin lies inside the protein body while the other kafirins 
encase it. Slow digestion of the peripheral proteins may limit 
the rate of total kafirin digestion. When the flour was treated 
with a reducing agent, the indigestible residue contained 
insignificant amounts of kafirins following 120 min diges
tion. 

Cooked sorghum flour is now being studied in the same 
manner. Because gelatinized, retrograded starch inhibits 
protein extraction, we have used a heat-stable a-amylase to 
liquify the starch component which has thereby increased 
protein extractability. It was noted that even in the absence 
of starch, sorghum protein digestibility decreased on cook
ing to the same degree as with gelatinized starch present. 

Changes in Digestibility During Grain Development 

In this study we investigated the relationship between the 
synthesis of the ax-, 1B-,and y-kafuins at different develop
mental stages and changes in in vitro protein digestibility in 
uncooked and cooked sorghum flour. At each stage, mois
ture and protein content, and the amount of cross-linked 
kafirin was also determined. ';wo crop years (1987 and 
1992) of sorghum grain (P721N) were used. Harvested at 
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10, 20,25,30,35 (1992 only), and 40 days after half-bloom 
(DAHB), and at maturity. The rabbit-based ELISA devel-
oped above was used to e timate amounts of the three 
kafirins and digestibility was determined by the pepsin 
method, 

Protein digestibility in early developmental stages (10 to 
20 DAHB) in both years was high for uncooked (90- 95%) 
and cooked (about 80%) grain. At 25 DAHB cooked flour 
digestibility decreased and continued to do so in subsequent 
developmental stages. This coincided with the highest rate 
of kaf-hin synthesis, though it was not clear that B- and 
,-kafirin were preferentially synthesized at this time. All 
kafirins were synthesized by 35 DAHB. The dry-down 
process itself appears to be an important factor affecting
protein digestibility. Grain with high moisture content 
(above 35%) gave uncooked digestibilities between 90 and 
95%. Digestibility of the 1987 material (22% moisture) at 
40 DAHB was reduced approximatcly 20%, however, did 
not decrease in the 1992 material (37% moisture). After the 
1992 grain was field-dried, it also decreased in digestibility.
Protein digestibility of the cooked grain in tie later devel-
opmental stages decreased substantially in grain from both 
years. The percentage of crosslinked B-and y-kafirin was 
lower at earlier stages, compared to later stages, and in-
creased in the mature, dry grain (approximately 14% mois-
ture). We suggest the decrease in digestibility in maturing
grain is due to a drying effect and concomitant protein
interactions, including disulfide bonding, that occur at late 
stages ofdevelopment after kafirin synthesis has 1cen com-
pleted. Cooking the flour would further promote th-se inter-
actions among the proteins. 

Potential Non-kafirin Influences on Digestibility 

Although it is known that the kaftrin proteins are the least 
digestible of the sorghum proteins, and become even less 
digestible after cooking, it is still somewhat unclear whether 
these proteins are themselves responsible for the low digest-
ibility of sorghum. While the high-cystine y-kafirin is a 
plausible candidate, maize contains a similar amount of the 
nearly homologous -zein, yet is well digested both in the 
uncooked and cooked form. There must still be an aspect
unique to this protein or a nonkafirin constituent of the grain 
to explain the difference in digestibility of sorghum and 
maize. We are investigating various possibilities. 

Oxidized phenolic compounds, or quinones, conceivably 
could promote the oxidation of free rulfhydryls to disulfide 
bonds. Sorghum (P721N) flour and whole grain were ex-
tracted with methanol, methanol + 1%HCI, water, or water 
+HCI and dried, and the whole grains were reduced to flour, 
Extracts were added to maize flour and dried. In vitroprotein 
digestibility of the treated -orghum samples showA no 
difference compared to untreated sorghum. Digestibility 
decreased approximately 20% after cooking in all treat-
ments, with the exception that acid alone decreased the 
digestibility of uncooked flour the sane degree as cooking. 

Extracts added to maize flour did not change its digestibility 
and no decrease was seen on cooking. It does not appear that 
phenolic compounds in essentially tannin-free sorghum
play a role in digestibility. The poor protein digestibility of 
sorghum appears to be a property specific to the proteins 
themselves. 

A high molecular weight (HMW) nonkafirin protein, in 
the range of 100 kDa, was identified which appears by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
to be present in sorghum but not maize, and may be located 
close to the protein bodies. in a time course digestion of 
cooked sorghum flour this protein was the last nonkafirin 
protein to be digested prior to kafirmn digestion. A solubility
studyshowedittobeonlyextractablewhenareducingagent 
was present. Flour exhaustively extracted with a nonreduc. 
ing SDS/urea buffer, followed by the same with 2-mercap
toethanol, showed this protein and y-kafirin to be the 
principal proteins extracted in the second solvent. Amino 
acid analysis of the HMW protein showed only about 1.5 
mole% cysteine compared to about 7% in the y-kafirin,
however, both proteins must be disulfide bound in fairly
large polymers to avoid extraction in the nonreducing sol
vent. This data suggests that the HMW protein and y-kafirin 
may be disulfide bound together. Such a conformation 
might also explain the high amount of "cross-linked" pro
lamins in sorghum compared to maize, which has been 
proposed as a reason sorghum is poorly digested, relative to 
other cereals. We are conducting further studies on this 
protein, as well as others, iathe attempt to identify a com
ponent that could be redured through breeding or altered 
through procescing to produce a highly digestible sorghum 
grain. 

Tuwo Quality 

Consumer test panels carried out at two villages in Niger,
using several local and improved sorghum cultivars, showed 
that texture was the most important attribute affecting the 
acceptability of tuwo (1991 INTSORMIL Annual Report, 
p. 167). In this report, laboratory methods for measuring the 
textural attribute of firmness have been evaluated and their 
results compared to consumer evaluation of tuwo texture. 
The methods were: alkali gel consistency test, Precision 
penetrometer, and a compression test on an Instron Univer
sal Testing Machine. From the latter, two parameters were 
observed, the slope and maximum force of the load-defor
mation curve. 

With the exception of the gel consist,-ncy test, instrumen
tal measurements correlated significantly with consumer 
ratings for both locations (Table 1). However, the slope .f 
the compression curve of the Instron test seemed to be the 
best predictor of consumer acceptance. It is likely that the 
slope, measured at small deformations, is more comparable 
with consumer's evaluation since most panelists judged 
firmness by simply pressing the tuwo sample with the 
fingers. 
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Table 1. 	 Correlations between objective measure- water ratio. A cultivar/flour-water ratio interaction for por
ments of tuwo firmness and sensory ratings ridge firmness was found to be significant indicating that the 

of te~ture by consumers at two locations in effect of flour concentration was not consistent across geno-
Niger. types (Figure 1). Although most cultivars exhibited im-

Test Adraoua Bengou 	 proved firmness with increase in flour ratio, the ranking of 
cultivars was different at the ratios in-estigated. Between 15Gel comistency 0.42 0.37 
and 60 min. all cultivars showed increases in firmnessPenetrometer reading -0.65** -0.56* 

Instron slope -0.79** -0.67** (Figure 2). Regression analysis indicated this change with 
Listron force 0.66** 0.64** time could be represented by a logarithmic model (Y=a+log 

Snificant atP<0.05 and P<0.01, respectively X). However, the rate of firmness develcpment was differ
ent for different cultivars; hard endos,:erm cultivais exhib
ited a high rate compared to the soft cultivars. 

Sorghum PorridgeTexture 
It is concluded that the apparent deformability modulus 

In most African countries sorghum isconsumed as athick could reliably be used as a measure of comparing porridge 

porridge by simply mixing decorticated flour in boiling firmness, provided that factors such as flour concentration 

water until gelatinization. Consumer acceptability of the 	 and time of testing are carefully controlled. At a medium 
flour-water ratio, percent vitreousness and apparent amyporridge depends not only on color and taste but also on 

texture. A number of instrumental techniques have been lose content showed correlation coefficients with Eap of 

developed for measuring thick porridge fi-rnness and were r=0.771 and r=0.801, respectively (signilicant at the 6.05 

mostly aimed at providing breeders with an estimate of the probability level). We are currently investigating the rate of 

food qtolity of early generation material. However, all of cooling of porridge cylindrical samples between 0-60 min. 

these procedures were empirical in nature with the results in an attempt to relate it to the differences found in the 

dependent on sample size and shape and on the type and retrogradation rate. 
operating conditions of instrument used. Simple compres
sion tests are commonly applied to evaluate the mechanical Networking Actiiv'ities 
characteristics of food materials and constitute the basis of 
many empirical tests used to predict textural properties. ResearchInvestigatorExchange 
However, well-defined, basic units of engineering can be 
obtained from such tests. The advantage of using basic, Dr. Abdel-Mageed Abass Mohamed from the Depart

fundamental units is that the results are independent of test ment ofFood Scicoce Land Technology, University of Gez

geometry, thus allowing comparison of data obtained using ira, Wad Mrdani, Sudan 
different machines and different shapes and/or sizes. Re
porting sorghum porridge texture in universal units can B. R. Hamaker traveled to Niger March 31 - April 8 to 

enhance collaboration between the different breeding pro- become acquainted with collaborating scientists, evaluate 

grams. The objective of this study was to investigate the program, and coordinate research on sorghum and millet 

possibility of obtaining some fundarneptal information on utilization. 
porridge texture from a compression test on an Instron 

Dr. Sitt Dadi, Cereal Chemist from the Food Researchmachine. 
Centre, Khartoum, Sudan visiting Purdue and the laboratory 

A uniaxial compression test was applied to cylindrical in August to attend a meeting of Sudan collaborating scien

samples of porridge made from several sorghum cultivars tists anzl discuss plans for f;.ure research. 
differing in eadosperm texture. Effects of flour/water ratio 
and time after cooking on the firmness of porridge were also Publications and Presentations 
investigated. Apparent deformability modulus (Eapp), de
fined as the engineering stress, divided by enginecring strain JournalPapers 
at 20% deformation, and yield stress (Sy),defined as maxi-

Shull, J.M., Watterson, J.J., and Kirleis, A.W. 1992. Purification and mum force, divided by the area of unstrained sample were 
determined. E was found to be more reproducible than immunocytochemical localization of kafirins in Sorghum birolor (L. 

app Moench) endosperm. Protoplasma (in press). B.M.S. Thesis 

S .Yield stres (or force :o breakdown) seemed to be Aboubacar, A.I. 1992. Relationships between consumer ratings and labo

affected by sample stickiness (friction effects) and shape ratory measurements of grain sorghum tuwo quality parameters. MS. 

changes during the test and tended, therefore, to give higher- Thesis, Purdue University, West Lafayette, IN. 

than-usual values for firmness. 

Three flour-water ratios were tested and porridge sam
ples from seven sorghum geuiotypes differing ii hardness 
were compressed on the Instron at 15, 30, and 60 rain. after 
end of cooking. Instron firmness (Eapp) was different for the 
seven cultivais and was very sensitive to changes in flour
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Figure 1. 	 Firmness (apparent deformability modulus) of sorghum porridge cylinders at three flour-water ratios,
measured one hour after cooking. 
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Figure 2. 	 Changes in porridge firmness with time! after cooking for seven sorghum genotypes at a medium 
flour-water ratio. 
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Utilization and Quality of Sorghum and Millet
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Summary 

Methods to evaluate the malting properties of sorghum 
cultivars including alpha and beta amylase activities, ex-
tract, density, soluble nitrogen arl free amino nitrogen were 
standardized. Sorghum amylase activities were affected by 
germination and steep times. Each cultivar had an optimum 
time requirement. Dorado, a white, tan plant food sorghum 
from El Salvador, had the best overall malt properties with 
high amylase activities, low dry matter losses during 
malting and the best extract levels. For the five cultivars 
evaluated none of the raw grain tests were very good pre-
dictors of malt quality assuming germination was high. The 
rapid viscosimetric analyzer provides a simple quick meas-
ure of alpha-amylase activity while a colorimetric method 
works well for beta-amylase. Sorghum malt was relatively 
low in beta-amylase compared to barley malt. Our results 
show that significant variation in beta-amylase exists. 

Sorghums with food characteristics were steam flaked 
into attractive flakes that had excellent properties for feed-
ing because of flake properties and color. The light color is 
attractive and desirable in feedlots where subjective evalu-
ations can be significant. The same food sorghums were 
processed into acceptable micronized flakes for granola and 

other products. Moreover the waxy sorghums processed 
more thoroughly than the nonwaxy counterparts. JOWAR 
crunch is a low fat (10%) snack produced from food sor
ghums which demonstrates the usefulness of the new hn
proved sorghum hybrids. Noodles, bread from 
sorghum-cassava blends and other products have been 
tested. All benefit from the new types of sorghum. 

Tortilla quality of improved maicillo criollo sorghum 
cultivars developed inthe INTSOR MIL program in Hondu
ras and grown in fariners fields was improved over that of 
the native maicillo criollo grown in the same fields. Color 
was the major impro vement especially for the cultivar with 
tan plant color. The harder grain of the improved types 
requhes longer cooking time but it resists insect attack 
during storage. The variety Sureflo is now grown by many 
farmers mainly because it produces tortillas with light color 
and improved acceptability. Sorghums in Mali with white 
grain and purple plant color damaged by molds and head 
bugs produce poor quality food products. It is imperative 
that new cultivars have tan plant color for improved proc
essing quality. 
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Objectives, Production, and Utilization Constraints 

Objectives 

Develop new food products from sorghum and millet 
using appropriate technology for use in less developed 
areas. 

Develop simple, practical laboratory methods for use in 
breeding programs to assess important grain quality charac-
teristics. 

Determine physical, chemical and structural factors that 
affect the food and nutritional quality of sorghum; seek ways 
of modifying the properties or improving methods ofproc-
essing. 

Determine the factors that affect resistance to grain molds 
and field deterioration in sorghum and devise laboratory
procedures to detect genotypes with resistance. 

Constraints 

Factors affecting food quality, processing properties and 
nutritional value of sorghum/millet critically affect the sig
nificance of other attempts to improve the crops. If the grain 
cannot be processed and consumed for food, then the agro
nomic and breeding research nas been wasted. This project
relates quality to measurable characteristics that can be used 
to select for sorghum and millet with acceptable traditional 
and industrial utilization attributes. It has defined quality
attributes and incorporates those desirable properties into 
new cultivars at early stages in the breeding and improve-
ment programs. The project also seeks to find more efficient 
ways of processing sorghums an d millets into new foods 
with better cceptabilities that can generate income for 
village entrepreneurs. 

Research Approach and Project Output 

Sorghum and millet g,-ains grown locally and from vari-
ous areas of the world were analyzed for physical, chemical, 

structural, processing and food products. Some of these 

fmdings are summarized. 


ParboilingandAroma ofMillet 

The best larboiling process is a soak-boil process with 
three main steps. The pearl millet is cleaned and allowed to 
soak overnight (14-16 hrs) in excess water. The grain is 
brought to a boil and held there for five minutes with 
constant stirring. After boiling, the millet is drained and 
spread on screens in thin (1cm) layers to air dry. The result 
is a product with a higher decortication yield and no off-
aroma production during milling, 

A combination of gas cromatographic and mass spec-
troscopy analysis indicates that 2-acetyl-I-pyrroline is re-

sponsible foe the off-aroma that develops in pearl millet 
during milling and storage of flour. 

Dr. Larry Seitz, U.S. Grain Marketing Research Lab,
Manhattan, KS worked with Mr. L. Wright, our graduate 
student, to determine that 2AP is associated with the aroma. 
Using a sniff port in the gas chromatograph, the mousey 
aroma was detected and coincided with the 2AP fraction 
identified with mass spectroscopy and other data. 2AP is 
responsible for the beneficial aroma of the aromatic rices 
during cooking. We do not know if the undesirable odor is 
due to the concentration of 2AP or modified by some other 
compound that is very similar. Sometimes, aromatic rices 
produce faint aromas that are described as the typical smell 
of a room infested by mice. Thus, the concentration of 2AP 
may affect the aroma perceived in pear! millet or there are 
modifying compounds that affect the aroma. 1arboiled pearl
millet samples have very small quantities of 2AP with little, 
if any, noticeable aroma at the sniff port of the gas chroma
tograph. Thus the off aroma of pearl millet appears to be 
caused by some reaction that produces 2AP shortly atter 
milling and wetting of the grain. Then, later oxidative ran
cidity of the lipids can occur. Of die two, the production of 
the mousey aroma is most deleterious to product quality. 

Sorghum Malting Quality 

Sorghum malt is used extensively for the production of 
baby food, and traditional nonalcoholic and alcoholic bev
erages in Africa. The ban on the importation of barley and 
barley malt into Nigeria has stimulated the use of sorghum
for malt to use in production of malt extracts, baby foods 
and clear beer. The greatest use of industrial malt in Nigeria
is for nonalcoholic beverages which are very popular soft 
drinks. Several multinational companies including Nestles, 
Cadbury, Guiness Brewing and Heineken Brewing have 
switched to sorghum and sorghum malt-based products. 

The Nigerian decision to ban barley and malt has made 
the large companies invest in significant R&D on sor
ghum/malt and processing. Progress to utilize sorghum has
 
been excellenL Currently, the companies have found a way
 
to use sorghum for food and alcoholic beverages. Their
 
investment in research has enhanced great progress in un
derstanding of sorghum quality. 

Recently, 65 brewers and industrial processors partici
pated in a conference on sorghum utilization for food and 
brewing organized by the Institute of Brewing, S. African 
section, held in Harare, Zimbabwe. This most significant 
meeting attracted outstanding participation because African 
industry now recognizes the need for sorghum of industrial 
quality. Though mainly related to brewing, the conference 
participants were keenly aware of the need for sorghum with 
improved food quality. Thus, the Nigerian decision and the 
drought in S.Africa has increased the awarenzss of sorghum
quality for industrial use. The concerted interest and support 
for improved sorghum quality by industry can make sor
ghum quality improvement happen relatively quick. The 
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Nigerian experience has shown that producers will respond 
by producing improved quality grain for higher market 
prices and more profits. 

MaltingEvaluationofSorghum Cultivars 

Five cultivars grown in Halfway, Texas were used to 
determine the factors affecting malting quality of sorghum. 
The grains were subjected to varying steep and germination 
times. The malt characteristics were evaluated by a number 
of techniques that had been devised for sorghum malt and 
includedphysical,chemicalpropertiesofthegrainandmalt. 
Effects of steeping 6, 12, 18 and 24 hrs and germinating from 
one to six days on dry matter losses, enzyme activities, 
extract levels, density changes and composition were deter-
mined, 

In general, 18 hours of steeping and five days germina-
tion gave optimum levels of enzymes, extracts and dry 
matter losses. However, each variety vaned significantly in 
the rate of enzyme proliferation and dry matter losses. Some 
varieties had more vigorous root and shoot growth but lower 
enzyme levels. In these studies, the roots and shoots were 
removed which probably reduced the -amylvse by 50%. 
According to Professor Dufour (Belgium) who found that 
the acrospire of the root contains up to 50% of the B-
amylase. Sound, whole-grain sorghum contained small 
amounts of both (x and B amylases. Some cultivars like 
Dorado have significant amylase activities after two days 
germination. Thus, it appears likely that certain varieties can 
be found that have great advantages for use in producuon of 
malt extracts for nonalcoholic beverages and weaning 
foods. 

Five-day malts of the five cultivars were subjected to 
extensive analysis to compare the malt quality produced 
from the grains (Table 1). The varieties included a soft 
floury brown, awaxy endosperm type, avery hard, comeous 
and an intermediate type. The density decreased steadily 

Table 1. Characteristics of five day germinated malts. 

Parameter 
Density (g/cc) 


Dry matter Ios(%) 

a-amylase (U/g)" 

P-amylaae (U/g)'" 
Diastatic power (SDU/g)"" 

Total nitrogen (% dry) 
Soluble nitrogen (% dry) 

Kolbach index (%) 

Extract (%" 

Free a-amino nitrogen (mg/L) 

Malisor 
Dorado 84-7 

1.31s 1.23b 

20.17&b 29.632 

107.50' 3 3 .74 d 

43.16' 40.48-' 

15.38' 4.28c 

1.69"' 1.59b 

0.52' 0.46 b 

30.90' 2 9 .30 ab 

70.10' 44.30d 

188.80' 179.30& 

over germination time and was related to the extent of 
modification of the kernel. The change in density was re
iated to enzymatic activities and extract yields up to a point. 
Malisor 84-7 grew vigorously, but had very poor enzyme 
activities and low extract levels. The waxy sorghum had 
very poor enzyme activity and extracts were low. The waxy 
variety had very poor overall malting quality. The sorghum 
malts had lower levels of enzymatic activity and less soluble 
solids after mashing than barley malt. The protein solubility 
and free amino nitrogen of sorghum malts were very simiLir 
among cultivars and compared favorably %,ithbarley malt. 
Since the malts had roots and shoots removed prior to 
ai: lysis, our 1-amylase values are too low, possibly by 50%. 

Sorghum malt is quite different from barley malt in 
structure, as well as composition and enzymatic activities. 
The structure of the sorghum kernels were modified during 
malting, but cell walls were not destroyed. SEM revealed 
that small holes were present in malt which confirms the 
results of scientists in S.Africa and Scotland. We observed 
that the corneous endosperm ofsorghum is attacked during 
malting and some of the starch granules are partially de
graded. This isespecially true for hard texture varieties. The 
extract of hard sorghum was reduced compared to soft, 
floury sorghums. The friability of sorghum malt is quite 
different from that of barley. Thus, the milling techniques 
dsed for measurement of barley malt modification do not 
apply to sorghum malt. 

Add;'ional experiments are being conducted to determine 
the malting properties of 18 sorghum cultivars produced in 
three locations in Texas in 1992. The cultivars grown were 
selected on the basis of high amylase activity reported by 
various investigators around the world. The samples ofgrain 
will be malted and essential malt parameters will be meas
ured using the assays developed in our previous research. 
The goal of this work is to understand some of the grain 
characteristics that affect malt quality for use in non-alco
holic beverages and extracts. We are not as concerned about 

ATx623 ATx630 
Toflillero *ScIO3 *R3338 

1.24b 1.17c 1.24 b 

14.861 23.01 ' 26.74' 

7 1.2 8 b 

36.45"b 
83.30b 

41.751b 
51.45 

c 

33.51 
b 

7.86b 7.90b 5.25c 

1.92' 
0.39' 

i.80"' 
0.47 b 

1.68 bc 

0.44 b 

20.40c 26.10b 26.20b 

68.10' 54.90c 63.10b 

137.50" 187.70' 167.509 

*Malt flour (control) - 156.2±9.5 U/g.Barley malt - 178±1.8 U/g. 
"Barley malt was used asa rderence; b-amylaae activity - 74.2 U/g.Sorghum diastatic units/g; 


solution.
 
All values in this table are the average of two experiments with either duplicate or triplicate me.asurementa per sample.
 

one SDU is ddined asthe amount of enzyme, when acting under the conditions of the method, gives athioaulfate titre of 0.5 mL of 0.05 N 
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B-amylase as those who produce lager or clear beer, but we 
want to maximize it where possible. 

Changes in Composition During Malting: Sorghum loses 
20 to 30% of its dry matter during malting. Major losses are 
starch, protein and some fat when the roots and shoots are 
removed. For opaque beer and extracts, the roots and shoots 
are not removed, so losses are less. The respiration losses
increase with germination time, so varieties that modify and 
develop enzymes quickly are desirable. That is why soft,
floury sorghums have an advantage for malting, and hard 
endosperm types are not so desirable. There will be a trade-
off for malt quality. The malting process tends to eliminate 
the adverse properties of the condensed tannins, so that is 
why red (brown) sorghum is used preferentially for tradi-
tional village malting. There is a controversy concerning the 
role of tannins. Some say that tannins give a necessary
bitterness to the beer, but most dispute that idea. 

In industrial malting and brewing, tannins are not desir-
able. Formaldehyde and other treatments are used to inacti-
vate the tannins to reduce their anti-souring activity. The 
current situation in Southern Africa has resulted in use of 
imported Argentine sorghum that is brown and of poor
germination. It produces terrible malt. Intermediate to soft 
red sorghums are preferred for industrial malt. A major 
challenge is to actually document the kind of sorghums
actually required for malt for extracts and opaque beer and 
for lager beer. The two major processes will likely require
sorghum with different characteristics to enable malt pro-
duction with optimum properties for these two major uses. 

Methods ofMalt Evaluation 

The colorimetric methods to measure snccifically a- and 
B-amylases proved to be very accurate, precise, quick and 
cost-effective under our situation. The cost of reagents was 
$0.50 per assay which is prohibitive under certain circum-

stances. We found that the rapid viscosity analyzer (RVA)

could be used to measure the decrease in viscosity of a 

standard corn starch slurry treated with malt extract in about

10 min. The decrease in viscosity was highly correlated to 

c-amylase activity measured with the specific colorimetric 
procedure. The RVA has great potential for those labs that 
have the equipment. It is especially useful in breeding 
programs for a-amylase determination. Additional informa-

tion is required to d&termine the validity of this relationship 

over a range of sorghum malts. 


Determination of malt extract with the RVA has been 
evaluated with modest success. The procedure will work,
but the variation is presently too great because of system
cooling problems between extraction runs. More work is 
being done to standa-rdize the method. 

Prediction of Malt Quality: The use of simple techniques 
to predict malt qvality from the measurements on the grain 
or the malts has been only partially successful. None on the 
analytical and physical measurements of viable raw grain 

were good predictors of malt quality. There is an association 
of soft, floury texture with improved malting properties but 
within soft, floury types there is no indication that certain 
types are better. Considerable more research to define qual
ity attributes of sorghums with improved malt properties is 
necessary. Progress is possible, but it will require the coor
dination of worldwide efforts to succeed. 

The use of sorghum for malt/beer by large industrial 
companies is the single most important development in 
sorghum quality improvement in the last 25 years or more 
that I have worked with sorghum. These developments help
all segments of sorghum including small producers and 
subsistence farmers. If rich people consume sorghum in beer 
and nonalcoholic drinks, I believe the social stigma of 
sorghum as a poor man's food may be decreased. Moreover,
the resources put into sorghum cultivar development and 
acquisition of a consistent supply of good quality grain will 
open the way for other uses of the grain. Payment of premi
ums to farmers fir producing the right kind of sorghum will 
help all farmers eventually. It is certainly true that larger
farmers will benefit from the technology first but small 
farmers will benefit eventually by the improved cultivars, 
the enhanced status of sorghum and the potential ofconvert
ing some excess grain into value added products for sale in 
urban markets. 

The single most difficult aspect of working with sorghum
has been to define quality. In other commodities, the large
industries have defined quality and promoted its improve
ment. For sorghum and millet, no industry has existed to 
promote and lead efforts to improve quality. So no quality
standards have been developed. Now if the larger companies 
are to be successful more rigid definition of quality attrib
utes of the grain is necessary to develop useful products with 
consistent quality. More has been learned about sorghum
quality for malting in the past few years than ever before 
because of the interest of the larger companies and their 
financial commitments. The spin-off from these activities 
will lead to improved sorghums for food types of all kinds. 

Sorghum ProcessingQualityfor FoodandFeed 

Micronizing 

Several experiments were conducted with a laboratory
micronizer to compare the processing properties of grains
from new improved food type sorghums. Significant differ
ences in resporse to micronizing were obtained with waxy
sorghums (Table 2) which were more thoroughly processed
than the nonwaxy and heterowaxy grains. In addition, the 
same information was obtained when waxy and nonwaxy
sorghums grown in 1991 were compared. The waxy sor
ghum flakes were excellent for production of ready-to-eat 
breakfast foods and granola bars. The information obtained 
shows that the sorghums have a great variation in response 
to processing which could be used to produce food and feeds 
more efficiently. The greater expansion rate of waxy sor
ghums has also been shown in extrusion experiments. These 
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Table 2. Enzyme susceptible starch of micronized sorghum flakes (Exp 1). 

Sample 
Endosperm 

type 
Test wt. 
(Ib/bu) 

ATx631 x Tx436 nonwaxy 23.2 

AISC34 x Tx436 heterowaxy 15.9 

B. BON 34 homowaxy 11.8 

BTx631 nonwaxy 23.5 

ATx399 x RTx430 nonwaxy 19.7 

types could be grown in sorghum consuming areas to enable 
diversification of products from sorghum. 

Steam Flaking 

Research on steam flaking quality ofsorghum sponsored 
in part by the Texas Sorghum Producers Board has shown 
that various sorghum hybrids respond differently to steam 
flaking. The feedlot industry is the major processor of 
sorghum in the world. Experienced steam flaker operators 
have observed significant differences in the response of 
sorghum hybrids to processing. Some feedlots pay a small 
premium for white or yellow sorghums because they flake 
more efficiently. The goal of the research conducted jointly 
by Texas Tech University and the Cereal Quality Lab is to 
document differences in the performance of sorghum in 
steam flaking. Several experiments were conducted at the 
Feedlot Research Center near Lubbock, Texas to evaluate 
the performance of new food type and waxy sorghums. 

Results comparing hybrids to date have shown that sor-
ghum varieties respond differently to steam flaking. White 
food-type sorghmns produce flakes that are subjectively 
very attractive because of their white color. That alone could 
help improve the image of steam flaked sorghums because 
cosmetic aspects of quality are critically important. The 
appropriate sorghums were planted to increase grain for 
additional experiments in 1993. 

Factors Affecting Flake Quality 

The structure of good and poor quality sorghum flakes 
was determined with light and scanning microscopy and 
other measurements such as starch gelatinization. The steam 
flaking process consists of conditioning the grain to 16 to 
18% moisture followed by steaming the grain for 20 to 30 
minutes (final moisture = 20 to 22%) and immediately 
passing the hot grain through corrugated rollers operated 
under high pressure with a narrow gap between them. If 
water, contents, steam and cook time are optimum, the 
kernels are transformed into an individual, thin, translucent 
flake that retains its form during subsequent blending into 
rations and feeding operations. Flakes that break into fines 
during handling are unacceptable. 

An optimum level of starch swelling and gelatinization 
is required to obtain sufficient starch "glue" to hold together 
the other constituents during flaking aid thereafter. The 
tempering moist are level, Lconditioner, steaming time, roller 

Density 
(gc/) 

Total 
Starch % 

ESS/Iot. 
St. % 

1.257 70.30 80.74 

.830 69.88 87.95 

.643 63.41 89.45 

1.336 69.42 83.84 

1.046 69.42 84.70 

pressures and gaps and the variety ofgrain affect steam flake 
quality. Our studies showed that significant initial gelatini
zation ofstarch granules occurred during sten cooking, but 
major changes occurred during the actual flaking in the rolls 
where the partially gelatinized granules are converted to a 
glue that surrounds the endosperm pieces during crushing 
of the kernel. Upon cooling, the glue solidifies and holds the 
particles together. Thus, it is necessary to precondition the 
grains prior to flaking to insure sufficient water is distributed 
throughout the endosperm to cause swelling and partial 
gelatinization of starch granules prior to actual flaking. 

Defective flakes did not have a thin continuous phase of 
gelatinized starch glue distributed throughout the kernel 
particles. Thus, they were opaque to light, easily broken 
dining handling and were generally unacceptable. 

We believe that understanding the fa2tors affecting sor
ghum quality in steam flaking provides fundamental infor
mation that relates to the use of sorghum for many processed 
food products that are used around the world. The demon
stration that certain sorghum hybrids process better than 
others in large industrial complexes (modem feedlots) can 
provide significant economic interest to force development 
of improved sorghums for both food and feeds. 

Laboratory Steam Flaking Method 

We have been developing a simulated steam flaking 
procedure that would require only a few pounds of grain for 
processing. Even the small steam flaker at Texas Tech 
requires 75 pcunds of grain. A lab method that produces 
steam flakes resembling commercial flakes has been devel
oped. However, the results must still be compared to those 
of tlie commercial flaker at Texas Tech. The Texas Sorghum 
Producers Board will continue to partially support this pro
gram through a grant to fund a graduate student. 

The TortillaMaking Propertiesof Two Improved Maicillo 
CultivarsfromHonduras 

Recently, the INTSORMIL Honduran Breeding Program 
has focused on the improvement of photosensitive Maicillo 
Criollos which are traditionally cultivated for both forage 
and grain on hillsides throughout Central America where 
maize and sorghum are interplanted. These sorghums are 
often used for tortillas. Two improved food-grade Maicillos 
(DMV 197 and DMV 179) were grown in trials in farmer's 
fields during 1990 crop year. Grain from these trials was 
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Table 3. Pedigree and physical properties of sorghum grains grown in Honduras(&). 
Property DMV- 197 DMV-179 Criollo Surelo 
Pedigree TAM 428' SPV436" Unknown ---

Pericarp color 
Porvenir 29 
White 

Gigante 
White White White 

Plant color Red Tan Purple Tan 
Pericarp thickness Thin Thin Thick Thin 

1,000 kernel Weight (g) 22.21-0.4 25.8±0.4 25.1±0.6 31.3±0.4 
Test weight 0b/bu) 61.1±0.1 60.2±0.1 58.3±0.1 61.7±0.1 

Density (g/cc) 1.370±0.005 1.380±0.005 1.350±0.005 1.37.4":0.005 
Hardness or % removal 0" 15.4±0.7 17.2±:0.1 26.0±0.6 12.7±0.4 

Endosperm texture(€) 1.5 1.5 3.0 2.0 
bValues arm means ± standard deviations (three replications).bEstimated as amount of material abraded in s TADD mill. 
The higher the value the softer the grain.

'Subjectively rated on the scale of I to 5. 1 - hard endosperm 5 = soft endcapenn. 

Table 4. The nixtamal properties at optimum cooking time and temperaturefor the four sorghum cultivars grown
in Honduras. 

Property DMV- 197 DMV- 179 Criollo Sureflo 
Optimum cooking time (min)(0) 20 10 6 20 
Steeping time (hr)(b) 8-12 8-12 8-12 8-12 
Nixtamal color(c) 2.5 2.0 2.5 2.0 
Pericap remova(d) 3.0±0.0 2.5±0.5 3.0±0.3 1.7±0.2 
Nixtamal moisture (%) 50.8±1.3 52.8±1.5 50.5±1.6 55.5±1.2 
Dry matter losses (%) 5.0±0.5 5.4±1.0 3.0±0.3 4.6±0.4 

*Fhe cooking temperature was 90TC.i'he tanperaturn ofthe lime solution decreased at 0. 15TC/nin. until equilibrated to room temperature during the steeping. 
'Subjectively evaluated on the scale of 1 to 5, where 1 - good (light-clean yellow) and 5 - poor (dark stained).'Subjectively evaluated on the scale of I to 5. where I - pericarp removed and 5 - all pericarp attached to the grain. 

used to compare, under pilot plant conditions, the tortilla than Sureilo and other improved Central American food 
making properties of these two improved Maicillos, one sorghum types.
native Maicillo (Landrace) and an imrroved white sorghum
variety (Sureflo). Nixtamal moisture content and dry matter losses in

creased with longer lime-cooking times. Sorghum nixtamalAll cultivars had white pericarps. Improved Maicillo with 51-52% moisture produced the best masa and tortillas.
DMV- 179 and Surello had tan plant color and straw glumes Nixtamal with <50 and >55% moisture produced crumbly
(Table 3). The other improved Maicillos, DMV 197, had red (non cohesive), and sticky masa after stone grinding, respec
plant and glume colors. The Maicillo Criollo had purple tively. Preliminary trials indicated that cooking at 90 ° was
plant and glume colors. The improved Maicillo cultivars the optimum cooking temperature. Improved Maicillos and
produced kernels with harder endosperm and thinner peri- Sureflo required longercooking times than the criollo (Table 
carps than the native Criollo population. The thick pericarp 4). The lower cooking requirement of the criollo was related
in criollo kernels gave chalky appearing grain, to its softer endosperm texture and lower hardness value 

(Table 3). Similar trends were observed by Almeida-Dom-DMV 197 had the smallest kernels whereas the criollo inguez et al. (1991) who tested and compared 13 different 
and DMV 179 had similar 1,000 kernel weight (Table 3). sorghum types.

Kernels from Sureflo were heavier than the other kernels.
 
Both improved Maicillos had higher test weights, densities 
 Results of the pilot plant cooking trials are summarized 
and hardness values than the Criollo indicating that the in Table 4. DMV 197 and Sureflo had comparable cocking
breeding process has successfully produced grains with requirements. The soft Maicillo Criollo required a lower
harder endosperms that are more suitable for storage. With cooking temperature and cooking time. The dry matter 
the exception of 1,000 kernel weight, the improved Maicillo losses of sorghum cooked at 90'C ranged from 3.0-5.4%
cultivars had physical grain properties similar to Sureflo. which are significantly lower than losses observed when
Almeida-Dominguez (1991) also found that a composite cooking maize. Dry matter losses were mainly related to the
Maicillo Criollo sample contained smaller, softer kernels amount of pericarp removed during cooking. The three 
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Table 5. Properties of tortillas from four sorghums grown in Honduras. 
Property DMV- 197 DMV-179 Criollo Sureflo 

Colo) 3.0±0.3 2.0±0.5 4.0±0.6 2.0±0.3 

Texturet0 ) 1.2±0.3 2.9±0.6 2.5±0.2 1.0±0.0 

Moisture content (%) 41.7±0.8 41.8±0.5 42.0±0.4 42.5±0.5 

pH 8.2±0.1 8.0±0.1 7.8±0.2 8.2±0.0 

ESS(c)(g gluc./g dry tort) 766±20 759±18 759±15 738±19 

Tortilla yield (Kg tort./Kg grain) 1.47±0.05 1.48±0.08 1.52±0.09 1.41±0.02 
aSubjectively evaluated on the scale of I to 5,where I - good light-clean yellow) and 5 = poor (dark.stained). 
brotilla rollability subjectively evaluated on the scale of I to 5, where 1- breakage and 5= no breakage. 
%Enzymesusceptible stmnchratio. Values provide an indication ofstarch gelatinization. The raw grains hmd values of less than 280 mg glucose/g dry sarrple. 

Table 6. Chemical composition of sorghum grains and tortillas from four sorghums grown in Honduras(a). 
Protein Ash Fat Carbohydrate 

Cultivar (Nx 6.25) (%) (%) (%) 
DMV-197 

Grain 10.6±0.0 1.8±0.1 2.4±0.2 81.1±2.8 

Tortilla 11.9±0.2 1.7±0.1 2.1±0.1 79.7±0.7 

DMV-179 

Grain 9.8±0.1 2.0±0.1 2.2±0.3 82.2±1.2 

Tortilla 10.8±0.3 1.8±0.1 1.9±0.2 79.4±1.1 

Criollo 

Grain 9.6±0.1 1.8±0.1 2.4±0.3 79.8±0.3 

Tortilla 10.8±0.3 1.7±0.1 2.1±0.2 79.2±0.4 

Sumflo 

Grain 10.4±0.2 1.8±0.1 2.2±0.2 78.5±0.8 

Tortilla 11.0±0.1 1.7±0.1 2.3±0.1 79.2±0.5 

(a)Values are expressed on dry bais. 

Maicillos had comparable pericarp removal values which 
were better than that of Sureflo. 

Nixtamals were ground into fine masa suitable for table 
tortillas. All sorghums had similar yields of different masa 
fractions and excellent masa machinability, 

Tortilla color, visually determined, showed that the tor-
tilla made from the criollo sorghum had the worst appear- 
ance due to its gray, dirty like color (Table 5). All sorghum 
tortillas had acceptable rollability immediately after baking. 
One day storage at room temperature caused significant 
firmness in tortillas, being DMV-197 and Sureflo tortillas 
were most flexible. The others were too stale to roll without 
breaking. Tortilla moisture contents and pH were similar. 
The degree of starch gelatinization in tortillas, measured as 
enzyme susceptible starch, and tortilla moisture content 
were similar among the sorghums. The Criollo produced 
slightly more tortillas per kilogram of raw grain likely due 
to its lowe: dry matter loss. Tortilla yields are very compa-
rable to yields obtained from maize and sorghum (Almeida-
Dominguez et al., 1991). 

Color of nixtamal, masa and tortillas was the factor that 
varied the most. DMV-179 and Sureflo produced the best 
colored nixtamal, masa and tortillas. These sorghums had 
white pericarp and tan plant and glume color. DMV- 179 and 

Sureflo produced the whitest (high L value) and yellowest 
(high b value) tortillas. The other improved Maicillo Criol
los with red plant color and glumes produced better looking 
tortillas than the criollo (purple glume color) confirming that 
glume or plant color plays a critical role in tortilla accept
ability. Phenolic compounds present in the pericarp, glumes 
and damaged areas of weathered kernels darken during 
lime-cooking. Glumes still attached to the pericarp leach 
their pigments into the kernel producing a dirty colored 
masa which darkened even more during baijng. 

The chemical composition of the improved Maicillos was 
comparable to that of criollo and Sureflo grains (Table 6). 
Therefore, the genetic improvement did not have any major 
effect on the overall chemical composition. 

Additional tortilla trials of grain from these cultivars 
grown in 1991 has confirmed the results we obtained on 
1990 grain samples. Farmers in southern Honduras are 
planting Sureflo because of its improved tortilla quality, 
better storage properties and improved forage quality. 

OtherFoodProducts 

Graduate students are working on factors that affect 
quality oi noodles, breads and snacks made from 100% 
sorghum products or in some cases composite flours. Noo
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dles from 100% sorghum flour have been developed using 
a procedure that partially gelatinizes part of the sorghum 
flour which forms a paste to hold the dough together. The 
noodles have desirable organoleptic properties. The best 
sorghum flour is from a white tan plant sorghum. Howcver, 
the dry milling procedure must be modified to eliminate the 
black specs from the hilum layer toproduce the best product. 
It is possible to produce acceptable 100% sorghum noodles. 

Jowar citnch, a snack containing 10 to 15% oil wa,-
produced from special sorghum grains by alkali cookig 
drying, and frying in oil. The dried alkali cooked kernels can 
be stored for six months or longer and then fried to produce 
a very acceptable snack. This product has unique texture and 
oil pioperties. 

Composite breads using 70% sorghum flour and 30% 
cassava flour and starch produce bread with reasonably 
acceptable taste when consumed fresh. However, the stor-
age properties are terrible; the bread stales rapidly and has 
a very poor texture and taste. Various additives and tech-
niques are being investigated in these studies. 

CollaborativeSorghum Improvement Research 

This project cooperates closely with other members of 
the sorghum program to incorporate the best quality charac-
teristics into sorghum. Samples from the breeding nurseries 
and from the food quality tests grown at different locations 
are tested for kernel characteristics and for processing prop-
erties such as decortication and tortilla processing. The 
alkaline cooking tests are especially sensitive and pick up 
off colors and arcmas. 

From this research, Texas A&M has released several 
inbreds that produce white, tan-plant sorghum hybrids 
which have excellent food and feed processing quality. 
These sorghums produce excellent quality grain when 
grown under dry conditions. Because of reduced anthocy-
anin pigments, the grain can withstand some humidity dur-
ing and past maturation. However, these sorghums need 
more resistance to molds and weathering to be grown in the 
hot humid areas of the world. 

GrainMolding 

Twelve sorghums with different levels of grain molding 
resistance (susceptible, moderately resistant), pericarp color 
(red, white) and presence of a pigmented testa (Type I, II, 
HI) were sampled during kernel development. An in vitro, 
Fusariumfungal-growth assay is being developed to deter-
mine bioactivity of extracted compounds. Bioactivity of 
extracts from spikelet, glume and caryopsis tissues will be 
tested in the bioassay. A natural products chemistry ap-
proach is being taken to determine which compounds are 
involved in the resistance mechanisms of sorghum. Bioac-
tive compounds (ofwhatever chemical nature) will be quan-
tified in collected sorghum tissues and correlated to grain 

mold resistance. Grain molds remain the number one prob
lem limiting the quality of sorghum worldwide. 

Networking 

Travel 

L.W. Rooney traveled to Mali to develop woik plans, 
Am.ndment #9, to the Memorandum of Understanding and 
to collaborate with personnel in the Food Technology Laba
ratory (IER) to further the activities on parboiling, weaning 
foods from cowpeas and millet, instant masa flours and 
qualit) evaluation of breeders samples. 

L.W. Rooney traveled to ICRISAT, Hyderabad, India to 
participate in a coaisultative group meeting on sorghum 
malting and brewing research. The discussions led to a set 
of pruposed standard procedures for evaluating sorghum 
cultivars formalt quality. Drs. MurtyofICRISAT-Kanoand 
Rooney conferred with personnel at Heineken Brewing 
R&D facilities near Amsterdam, Holland. The group discus
sions permitted more efficient research activities in malting 
quality of sorghum. 

L.W. Rooney participated in the 9th International Cereal 
and Bread Congress held in Paris, France where he became 
the new Chairman of the Sorghum and Millet Working 
gioup of the International Cereal Chemistry Association. He 
presented a summary of INTSORMIL sorghum quaiity 
research in the Sorghum and Millet Special Symposium. In 
addition, L.W. Rooney (along with Prof. John Taylor of 
Pretoria, S. Africa) is organizing a sorghum millet sympo
sium in S.Africa in May 1993. 

L.W. Rooney presented information on sorghum and 
maize quality/ technology to participants at the Monterrey 
Institute of Technology Symposium on Food Science and 
Technology in Monterrey, Mexico. Two-hundred plus food 
technology graduate students from Mexico participated in 
the conference. 

L.W. Rooney participated (no expense to INTSORMIL) 
in an International Cereal Chemistry Congress in Brisbane, 
Australia with a presentation on sorghum food quality. 
Then, he presented a special seminars/discussions at Gatton 
College to Australian sorghum breeders, food technologists,
nutritionists and industrial processors. A feedlot and other 
sorghum processors were reviewed. 

Juan Corujo completed his MS and accepted a teaching 
position at LaSalle University in Mexico City. Dr. H. Al
meida Dominguez, Institute of Technology of Merida, re
ceived European Economic Community funding for 
teaching and initiating research activities on food process
ing, including aprojecton sorghum quality for food in which 
the Texas A&M Cereal Quality Lab is a collaborator. Co
operation with the University of Sonora continues, infor
mally. 
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Botswana 

M.D. Clegg
 
University of Nebraska
 

Coordinators 

Dr. Lucas Gakale, Director of Agricultural Research, Botswana (Host Country Coordinator), Gaborone, 
Botswana 

Dr. Max D. Clegg, Department of Agronomy, University of Nebraska, Lincoln, NE 68583 (U.S.A., Coordinator) 

Collaborative Program 

INTSORMIL's involvement in Botswana was initiated 
July 1983 and staffed in April 1984 under the INTSOR
MIL/Kansas State University KSU-107 project. Dr. D.C. 
Carter held the position ofAgronomist with KSU-107 froek 
its inception until September 1990. In December 1987, Dr. 
N. Persaud was appointed the soil management specialist to 
support the activities of the USAID-funded bilateral Agri-
culturd Technology Improvement Project (ATIP). When 
ATI10 ended in September 1990, INTSORMIL amended its 
Memorandum of Understanding with the Government of 
Botswana and USAID to continue the services of the soil 
management specialist until September 1992. Funding for 
the KSU-107 project is jointly shared by INTSORMIL, 
USAID/Botswana, and the Government of Botswana. The 
INTSORMIL contribution for KSU-107 is provided by the 
U.S. Government under the provisions in Grant DAN- 1254-
G-00-0021-00 to the University of Nebraska, the Manage-
ment Entity for INTSORMIL and by subgrant to Kansas 
State University. The plan of work attached to the Memo
randum of Understanding between th(; Government of Bot-
swana, USAID/Botswana, and the INTSORMIL ME 
describes the current scope of work dnd operational proce-
dures for the KSU- 107 project. The Department of Agricul-
tural Research (DAR), provides -alloperational facilities for 
KSU-107. The technical objective was to contin'ie and 
expand the on-farm and on-station research on till.ge and 
fertilizer practices across the various rainfall and soil con-
ditions in Botswana. 

The Botswana program has two related components; an 
INTSORMIL researcher stationed in the countr3 and scien-
tist to scientist collaboration in the areas ofagron my, plant 
pathology, plant breeding, entomology, food science and 
technology and soil science. Various aspects of collabora
tion can be seen in other projects. Collaboration and/or 
contact with various scientists are detailed in individual 
projects. Inthe agronomic area, Dr. Max Clegg (UNL- 113), 
with Drs. Lucas Gakale, Louis Mazhani and Joyce Macola; 
and Dr. Richard Vanderlip (KSU-107) with Nieso Mokote 
and Etani Lele; plant pathology area is Dr. Gary Odvody 
(TAM-128) with Baikabile Motalaote; the area of plant 
breeding is Professor David Andrews with Dr. Louis 
Mazhani; in entomology are Drs. Georg( Teetes (TAM-
125) and Gary Peterson (TAM- 123), with Dr. Chris Manthe; 
and in the area of food science and technology isDr. Lloyd 
Rooney (TAM-126) with Rosemary Lekalake. 

FinancialInputs 

USAID/Boiswana and GOB ($100,000) and INTSOR-
MIL ($103,000) provide funds for operating, equipment, 
facilities, tcchnica' assistants and an in-country scientist. 
These resources allowed the Botswana program to under
take cormprehensive and collaborative research on dryland 
sorghum/millet production. 

Collaborationwith OtherOrganizations 

Collaboration is occurring with the DAR, Palapye Devel
opment Tnst, Arable Lands Development Program, Mete
orology Services, and FAO sponsored Soil Survey and 
Mapping Services. Dr. Naraine Persaud has been interacting 
with these various organizations. Entomology, pathology, 
and plant breeding are also coordinated with the ICRISAT 
SMIP Program in Bulawayo, Zimbabwe. 

The PlanningProcess 

Several multidisciplinary working groups have been es
tablished. These are; 1)cereals, 2) grain legumes, 3)oil seed, 
4) horticulture, 5) soil and water maniagement and 6) pro
duction system programs. The planning of research by the 
in-country scientist isreviewed at the annual DAR planning 
meeting in September or October. The work plans are cir
culated with the national scientists plans for review and then 
presented at the meeting. Other col'aborative research, sci
entists and/or administrators of DAR are involved in the 
planning process. 

Sorghum/Millet Constraints Researched 

ProductonConstraints 

Sorghum is an important crop in Botswana. The grain is 
a food source for the general population and the stalks are 
used as feed for livestock. Even in dry years,70% of the land 
planted is harvest:d. However, over the last 10 years (80's) 
farmers' yields have averaged 161 kg ha-1. These low yields 
somewhat reflect hectares that are planted but are not har
vested. Farming essentially is subsidized by other enter
prises, especially by cattle. 
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The low, irregular, and low-efficient rain.'all pattern, 
sandveld and hardveld soils with low moisture retention, 
low N and P content, broadly graded sand fractions, and 
unstable surface contribute to the low yield of sorghum and 
millet. Broadly graded sand fractions and unstable surface 
are properties which result in a high bulk density and a 
massive hard structure when dry, ad surface sealing and 
crust formation. This tends to impede rain infiltration and 
root penetration, Moisture conservation and redistribution 
technologies, fertility improvement, residue incorporation, 
and weed control are urgently needed to improve soil struc
ture and rainfall infiltration and availability for promoting 
crop establishment and improved grain and stover yields. 

The 1991-1992 season was probably one of the driest 
years ever. This emphasizes the importance of water and 
management needed to help stabilize crop yields, 

ResearchMethodology 

Because of the diverse nature of research being con
ducted it is not possible to outline specific research proce-
dures. These will be included in the various individual 
reports. 

Research Progress 

Agronomy 

Dr. Naraine Persaud, INTSORMIL/Botswana, 
Gabarone. The objectives for this period were to evaluate 
several tillage practices with and without fertilizer; evaluate 
animal versus tractor draught for tillage operations and 
make fertilizer recommendations from developed response 
curves for dryland conditions. 

Results from this project have been fully documented, 
presented and disseminated locally in Botswana. All the 
data has been computerized and archived in an easily acces-
sible database. The data has already been used for model 
validation and Botswana College of Agriculture (BCA) 
students have requested the data for use in term papers. 

Etani Lele is working with Dr. R.Vanderlip on the effects 
of weed competition on sorghum yield and yield compen-
sation. He should complete hi. M.S. program in the spring
of 1993 

Entomology 

Chris Manthe, Entomologist, DAR, has completed his 
Ph.D. at TAMU (advisors, Drs. George Teetes and Gary
Peterson) and has returned to Botswana. His research was 
conducted on sorghum resistance to sugarcane aphid. He is 
now Coordinator of the Cereals Working Group. 

Sorghum/Pearl Millet Breeding 

Professor David Andrews continued collaboration be
tween his projects, UNL-115 and UNL-118, and the sor
ghum and pearl millet breeding program being conducted 
by the Department of Agricultural Research at Sebele. The 
SADCC/ICRISAT regional program is also involved as the 
sorghum and pearl millet breeders there have provided
off-season generation advance and seed increase for the 
Botswana/INTSORMIL selections. 

INTSORMIL's involvement in the Botswana sorghum 
and pearl millet breeding programs has been in supplying 
both segregating populations and advanced sorghum lines 
and information on, and participation in the Botswana re
current selection program in pearl millet. PI visits have been 
timed so material can be jointly evaluated and selected in 
the field. 

Food Science and Technology 

Ms. Rosemary Lekalake, working with Dr. Lloyd
Rooney, initiated studies in food science and technology in 
January, 1991. She is conducting research on methods of 
converting sorghum into various food products, including
noodles made fiJm white, tan plant, straw glun.e hybrids. 
The sorghum flour was produced by dehulling with an 
abrasive mill followed by milling into flour with a wheat 
flour roller mill. The flour had light acceptable color free of 
black specs from the hilum. Sorghum with a white pericarp 
and purple plant and glume color had off white flour and 
unacceptable noodle color. The noodles produced had ac
ceptable texture compared to 100% wheat noodles but the 
dry matter losses during cooking of the noodles were too 
high. The next phase of the project will be to use rice noodle 
technology to reduce the dry matter losses. It is possible to 
produce noodles from only sorghum flour using small, low 
technology equipment. Thus, the use of sorghum can be 
diversified. 

Mutual ResearchBenefits 

Information exchange and other interactions between 
African and U.S scientists result in many mutual benefits. 
Presently, food types of sorghum and millet are being util
ized more in the U.S. These types offer better grain quality.
Techniques in breeding and soil fertility developed in the 
U.S. are being utilized for improving agricultural production
in Botswana. Emphasis on sustainable agriculture will lead 
to improvements in crop production management for the 
mutual benefit of the U.S.. Botswana and southern Africa. 

Value added technologies for sorghum can be obtained 
with studies of sorghum flour use in products such as 
noodles and improved malting characteristics of the grain. 
Progress has been made in adapting technologies for meas
uring alpha and beta-amylases, malting losses and degree of 
modification of sorghum malts ihat can be applied in breed
ing and selection programs. 
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Institution Building 

Since 1980, many of the major agricultural research 
administrative positions have been staffed with Botswani-
ans. SADCC/ICRISAT/INTSORMIL, and USAID/Bot-
swana have contributed to educating many of them. There 
needs to be continual training of research personal for iden-
tified areas as earlier trained scientists continue to move into 
administrative and teaching positions in the Botswana Col-
lege of Agriculture. The greatest benefit of the Agricultural 
College is that there now are agricultural graduates from 
Botswana which can help fill the void of needed researchers 
for various agriculural research positions. Eventually some 
will be identified for more advance training. 

Within the DAR, various staffed regional research sta-
tions are being implemented. Botswana funding is available 
to establish stations at Kgalagadi and Francistown regions 
and to improve existing research facilities at Maun, Pan-
damatenga and Sebele. 

Some of the students that have or are obtaining advanced 
training are, Mr. Willie Emmanuel, seed technology, Mis
cissippi State University (B.Sc.), Dr. Chris Manthe, ento-
mology, Texas A&M (Ph.D), Dollina Malepa, soil fertility, 
University of Nebraska (Ph.D), Ms. Rosemary Lekalake, 
food science, Texas A&M (M.Sc.), Mr.Etani Lele, agron-
omy, Kansas State University, (M.Sc) and Mr. Ernest 
Makhwaji, FSR\economics, Kansas State University, 
(M.Sc). 

Networking 

A multidisciplinary working group of DAR researchers, 
ALDEP, field managers the SADCC/ODA Land and Water 
Management Project, ard the FAO/UNDP supported Soil 
Mapping and Advisory Services jointly planned and imple-
mented the field research. Dr. Naraine Persaud initially 
chaired this group. 

The INTSORMIL researchers are working directly with 
the DAR, so there is direct communications of research 
results. Research reports are shared with DAR. Information 
is also distributed in other southern African areas through 
SACCAR and ICRISAT. Collaborative research continues 
to be published as reports, bulletins and journal articles. 
These include: The Bulletin of Agricultural Research, Bot-
swana; Agrinews, Ministry of Agriculture, Botswana; Ex-
perimental Agriculture, printed in Great Britain. 

Some more recent p:.itlcations are: 

Carter, Douglas, and Naraine Persaud. 1990. Manure and 
stover management fer sorghum and millet production in 
eastern Botswana. Part II.The effect of manure, mulch and 
soil incorporated stover on the physical and chemical prop
erties of two soil types. 8:10-14. 

Persaud, N. 1990. National Tillage Research Programme 
Report on 1988/ 1989 National Tillage Trials. Part One, 
Main Report. Compiled for the Working Group on Tillage 
Research. Department of Agricultural Research, Gaborone, 
Botswana, 12 February 1990. 

Persaud, N. 1990. National Tillage Research Programme 
Report on 1988/ 1989 National Tillage Trials. Part Two, 
Detailed Site Reports. Compiled for the Working Group on 
Tillage Research. Department of Agricultural Research, 
Gabotone, Botswana, 12 February 1990. 

Persaud, N., C.M. Sakamoto, W.D. Joshua, DJ,. Lesolle, 
D.Dambe, and R. Vanderlip. 1990. Coefficients of Pen
man's Formula for Calculating Evaporation and Potential 
Evapotranspiration in Botswana. Department of Agricul
tural Research, Gaborone, Botswana, 25 February 1990. 

Persaud, N., and N. Mokete. 1992. Progress Report on 
Soil Moisture and Soil Resistance Measurements in the 
91-92 tillage trials. Department ,f Agricultural Research, 
Gaborone, Botswana, 22 January 1992. 

Persaud, N., W.D. Joshua, N. Mokete, F. Pule, and T.S. 
Moroke. 1992. Tillage and Fertilizer Research Programme. 
Report on the Soils of the Tillage and Fertilizer Trial Sites. 
Compiled for the Working Group on Tillage and fertilizer 
Research. Department of Agricultural Research, Gaborone, 
Botswana, 29 March 1992. 

General Comments 

The greatest impact that can be derived from INTSOR-
MIL is the training of students. In Botswana there is a small 
number of trained personnel. Many ofthe students that have 
been trained to do research have been assigned administra
tive roles, taken positions in the Botswana Coliege of Agri
culture and some have moved into the private sector. A 
positive development is that students with a B.Sc. in Agri
culture are being trained and hired into the available research 
positions from the BAC. 

What is needed? As students with a B.Sc. and M.Sc. in 
Agriculture conic into the research system, they have little 
experience in designing and implementing a research pro
ject. Projects are generally developed for a five year period. 
A provision of tech,,ical advisors to aid in developing and 
implementing programs could be supported by INTSOR-
MIL, DAR, and other donor agencies. The advisors would 
spend a year with the scientist in design, day to day opera
tions and final analysis, interpretation and reporting of the 
results. The technical advisors would continue on a collabo
rative basis to suppoil the scientists. Selected scientists 
would continue for further graduate studies which will 
address the more technical aspects of their projects. 

The recent growing season droaght was severe across 
Botswana with much failed sorghum. The harvest forecast 
was less than 20,000 tons which is less than 10% of the 
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national grain need ofapproximately 250,000 tons. Manage-
ment for improved water use and water harvesting needs to 
be continued. This is very important because improved
cultivars yield better under nore favorable growing condi-
tions. 

Other Southern African Students 

Research by other students in southern Africa has rule
vance to utilization by the entire region. 

Mr. Lawrence Hugo, SADCICRISAT/INTSORMIL 
sponsored student from Zimbabwe, spent January through 
July, 1992 at the SADCC/ICRISAT Center at Motopos,
Zimbabwe working with Dr. Mahmood Osmanzai on the 
field portion ofhis Ph.D. program. He screened 30 sorghum 
genotypes which Dr. Osmanzai is looking at for stand estab-
lishment under a range of soil moisture and temperature 
conditions. Results were used to select the two best and two 
poorest genotypes forcontrolied growth chamber studies on 
his return to Kansas State University (details in Project
KSU-106). 

Ms. Ruth Mandulu, M.S., from Tanzania is workiag on 
yield compensation of sorghurq hybrids and varieties as 
affected by crop management (KSU- 106). 

Ms. Leda Hugo, M.S., Food Science and Technology 
from Mozambique has initiated research designed to evalu
ate the use of sorghum and cassava starch in production of 
a leavened bre. ! .sing a modified baking technique re-
ported by scientists from Nigeria. The proced'tre is to com-
pletely gelatinize part of the cassava starch (66%) in water 
and mix the sorghum flour, other ingredients, and ungelati-
nized cassava starch into the paste to form a dough which is 
proofed and baked. The bread has a very short shelf life but 
it does mimic bread. Initial results look promising (TAM-
126). 

Ms. Trust Beta, M.S., Food Science ard Technology 

from Zimbabwe, is conducting research on steam flaking

and micronizing white sorghum for use in ready to eat 

breakfast cereals. However, her major effort is to evaluate 

the malting quality of sorghum cultivars using a micro 
malting procedure followed by analysis of alpha and beta
amylases and the SDU method from Southern Africa. Pro-
ceduces have been established and 25 cultivars are under 
analysis (TAM-126). 

Mr. Greyson Mrema, M.S., Food Science and Technol-
ogy from '"anzania, has been determining the effect of 
steeping and germination times on the dry matter losses and 
enzyme activities. The alpha and beta amylases, SDU and 
malt denity was affected by variety as well as germination 
time. Steeping time variation did not influence the malt 
quality as much as germination time variation. Sorghum 
varieties differed in the time required to obtained optimum 
enzyme levels. A food type of sorghum with a hard en-

dosperm had the poorest malting characteristics (TAM
126). 

Ms. Sitsembile Kunene, from Swaziland, completed her 
Ph.D. (1991) with her dissertation being "Gaertneriomyces 
Species as a Potential Biological Contiol Agent of Sorghum
Downy Mildew". She has since returned to her home coun
try. (TAM- 124 and TAM-128) 

Mr. Anaclet Mansuetus, from Tanzania, is continuing his 
doctoral research on characterization of the Fusariumspe
cies that occmw on grain in Tanzaaia (TAM-124 and TAM
128) 

Mr. Charles Maliro, Ph.D. candidate in agronomy from 
Malawi, is determining the influence of nitrogen and distri
bution of water stress on sorghum yield. Another study is 
determining the effects of different levels of weeds and 
nitrogen fertility on total biomass and resource partitioning 
into weeds and sorghum grain and stover. 

Summary 

Since the establishment of the project, drought has been 
the noi m. Thus, the necessity for emphasis has been on crop
production management. This has included studies of dif
ferent cultural and physical practices that improve water use 
and availability. 

Application of manure and crop residue (stover) which 
increases the intake of rainfall and availability of soil water 
results in increased yields. Manure is effective, but in com
bination with stover was more ehactive. With deficient soil 
moisture, response to nitrogen fertilizer and rotation with 
legumes are ineffective. 

Segaolane, a popular variety, yields better than other
 
locals and demonstrated drought tolerance.
 

Results indicate any method that increases water v1
ability will increase yield. This is through double plowing,
residues, and collecting through various water harvesting
mechanisms, i.e. diversion of runoff to portions of fields, 
reduction of runoff with row orientation, and land shaping. 

Classification of 22 soils has been completed. The report 
includes pedon descriptions and other analytical data pro
viding a valuable data base. 

Studies of seed quality on sorghum and millet staid 
establishment indicate seed quality results in little improve
ment of stands. This probably relates to water availability.
Also, studies of previous data on plan(ng date, indicate 
there is really no optimum planting date. Planting date is 
probably dependent on the time the first rains occurand their 
continuation.
 

Research on tillage and fertilizer practices and evaluation 
of animal and tractor draught tillage operations was empha
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sized the last few years. Results have shown that tillage 
performed as early as possible at the inception of rains can 
conserve sufficient moisture and give better use of that rain. 
It was better to apply fertilizer broadcast before planting 
than banding next to the seed. Financial benefits of tractor 
and animal draught systems were comparable. However, 
grain yield,; were higher with the use of the tractor system. 
Addition of P gave a yield increase. Mean over all tillage 
treatments showed yield of 661 kg hat with no P and 2095 
kg ha" with P (15 kg ha"). But, the response was not 
economical where soil P tested greater than 5 mg kg- 1 . 

Sorghum crosses made Pt the University of Nebraska 
between U.S. B-lines and Segaolane, a widely popular Bot-
swana food quality variety which itself is a B-line, are being 
used. After four years of selection at Sebele, characterized 
by severe drought stress, 24 lines have been retained from 
which seed parents can be produced. Backcrossing has 
commenced. More advanced lines from Nebraska have been 
evaluated during the 1990-91 season and 50 of these were 
retained. Thee also, after being tested for combining ability, 
have potential to be converted into seed parents. Six seed 
parents and one restorer were chosen from parental lines 
developed in UNL-1 15. This research is being continued, 

In the pearl millet program at Matopos, Zimbabwe, with 
the assistance of Dr. Emmanuel Monyo (SADCC/ICRISAT 
program), 46 superior progenies were identified for recom
bination and production of progenies for the third cycle of 
selection, and 6 elite progenies for the production of an 
experimental variety. 

Resistance to the sugarcane aphid in sorghum lines has 
been identified. Resistant x susceptible crosses indicated 
that sorghum resistance is simply inherited and controlled 
by a single completely dominant gene. Different virulence 
within the Botswana, and between the Botswana and Zim
babwe aphids suggest different biotypes exist among the 
populations. 

To complement the data on 22 soils collected by the Soil 
Conservation Service, USDA/SMSS, research relating to 
the soil fertility of 14 of these soils from the major grain 
producing regions of Botswana (Gaborone to Maun) are 
being conducted. Soils have been subjected to adsorption 
isotherms and soil analysis using a variety of soil extractants 
for N, Ca, Mg, K, S,P, Mn, Cu, Fe, and Zi.. Baseline critical 
levels for this family of soils for the elements listed are being 
established in greenhouse studies. Using sorghum, this data 
will allow us to more precisely interpret soil test data, to 
make decisions as to the best extractant to use to assess 
availability, and to guide field fertility trials by concentrat
ing field experiments on the most limiting nutrients to 
sorghum nutrition. Included in the greenhouse trials were 
treatments designed to assess the effect of lime on nutrient 
availability and relative contribution of subsoil nutrients to 
sorghum nutrition. 

Many students have been trained through SADCC/ICRI-
SAT/INTSORMIL, INTSORMIL, USAID/BOTSWANA, 
and USAID/ATIP educational/research programs. These 
scientists are providing a good core but individuals moving 
to administration and private industry tend to reduce actual 
research scientists. Additional training programs need to 
continue as qualified people become available. 

A summaiy of the soils of the tillage and fertilizer trial 
sites was compiled. This included soil profile morphology, 
pH in CaCI2, % organic carbon, CEC, P and bases Ca, Mg, 
K and Na, particle size distribution and infiltration data. 
Productivity is related to the soil texture. The light texture 
soils require more fertilizer. Early plowing before planting 
results in some benefit especially on the medium texture 
Soils. 

The research of Dr. Douglas Carter (INTSORMIL 
agronomist in collaboration with ATIP), Dr. Wayne 
Youngquist (agrononist who continued the sorghum-leg
ume rotation research of Dr. Lucas Gakale, when he was on 
leave in the U.S. obtaining a Ph.D. degree) and Naraine 
Persaud (INTSORMIL/AID Botswana scientist) has added 
to the knowledge base for crop production in Botswana. 
Much of the research has been summarized, utilized in 
workshops, seminars and published. 
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Egypt 

J.D. Eastin
 
University of Nebraska
 

Country Coordinators 

Dr. Osman El-Nagouly, Agricultural Research Center, Giza, Egypt 
Dr. John Yohe, INTSORMIL Program Director, 54 Nebraska Center, Lincoln, NE 68583-0948 

Principal Investigatoes 

L. E. Claflin and J. F. Leslie, Department of Plant Pathology, Kansas State University, Manhattan, KS 66506 
Dr. Osman El-Nagouly and Colleagues, ARC, Giza, Egypt
J. D. Eastin, M.D. Clegg, J.M. Maranville, University of Nebraska, Lincoln, Nebraska 

Collaborating Scientists and Institutions 

Dr. Rashad A. Abo-Elenien, Principal Investigator, Director of Field Crops Research Institute, ARC, Giza, 
Egypt

Dr. Haroun EI-Shafey, Head, Department of Sugar Cane, Sorghum, Maize, and Forage Crops, ARC, Giza, Egypt
Dr. Ibrahim EI-Fangary, Principal Investigator, ARC, Giza, Egypt
Dr. Elhamy EI-Assiuty, Plant Pathologist, ARC, Giza, Egypt
Dr. Anis EI-S harkway, Plant Pathologist, ARC, Alexandria, Egypt

Dr. Osman EI-Nagouly and Colleagues, ARC, Giza, Egypt

Staff at Fayoum on Water and Nutrient Use Efficiencies
 
Staff at Shandoweel on Water Use Efficiency and Stress Screening
 
Mr. Mohamed R. Hovny, Shandweel Scientist at Nebraska
 

Plant Pathology 

Objectives 

1.Determine whether aerial infestation with a spore/hy-
phal fragment suspension, toothpick infestation, or soil in-
festation is the most effective method for assaying sorghum
resistance to Acremonium strictum. 

2. To identify sorghum germplasm with tolerance to 
Pokkah Boeng and Fusarium stalk rot 

3.To characterize genetic diversity within the pathogen 
population and to identify pathogenic strains to be used in 
breeding challenges and nonpathogenic strains to be used in 
a biological control program. 

Methods andMaterials 

Toothpick inoculation: Wc'xlen toothpicks were boiled 
in water to leach out fungal growth inhibitors in several 
changes of water. Toothpicks are placed in a test tube 
containing media and then inoculated with an agar disc from 
the fungal culture. The tubes are incubated at room tempera-
ture for fungal growth. Sorghum plants (55-60 days) are 
inoculated by puncturing the stalk with a sharp metal nail 
and then inserting the infested toothpick, 

Soil infestation: Fungal inoculum will be produced on 
sterilized grain sorghum kernels in 500 ml milk bottles. A. 
strictur will be added to the bottles and then incubated at 
30 C for 3-4 weeks. The inoculum is added to Nile silt at the 
rate of 5-7 g/kg soil and then placed into 25 cm diameter 
clay pots. Disease ratings are made 90 days after sowing. 

Aerial inoculation: An aqueous conidial suspension is 
made with 10-day-old A. strictur cultures. Leaves of one
month-old plants will be clipped with scissors, sprayed with
inoculum, and then covered with a plastic bag for 24 hours. 

Eighty-six accessions from the Sorghum Section, Field 
Crops Research Institute were examined for stalk rot due to 
natural infestation at two locations (Shandaweel and Gem
ineiza). A limited (7) number of lines were evaluated for 
resistance to Acremonium stricawn using the toothpick in
festation method. 

Results 

An extensive survey throughout all sorghum production
regions in Egypt was conducted in September, 1991. The 
major diaeases of sorghum identified during this survey 
included: sorghum downy mildew, Acrenoniumwilt, pok
kah boeng, maize dwarf mosiac virus, long smut, and cov
ered kernel smut. 
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The following table reports on results from an experiment 
that was conducted during 1992 with only infested soil 
containing A. stricturn. In 1993, all treatments will be evalu-
ated with 3-5 cultivars. 

Cultivar %Plants Infected 

Giza 3 60 
Giza 15 40 
Giza 114 50 
Giza 123 30 
Local 169 80 
CS 3541 25 

Vegetative Compatibility Groups (VCG) are very useful 
techniques for detecting different strains within the same 
genus and species of fungi. Nearly 120 Egyptian isolates (59 
from maize and 60 from sorghum) have been analyzed and 
58 different VCG's have been identified. Twenty-one of 
these groups have more than one strain; 13 can be found at 
more than one location, and 7 of these 13 were found on both 
maize and sorghum. This pattern is very different than 
observed on maize and grain sorghum in the United States. 
This will likely be a very important parameter for breeding 
for resistance to fusarium stalk and root rot in maize and 
sorghum. Contamination of seed and feed grains with fu
monisin mycotoxins is also an important aspect of the VCG 
strain variability within Fusarium moniliforme. Some 
VCG's have negligible amounts and other strains produce 
fumonisin at unacceptable levels for food products. 

Physiology/Production 

Objectives 

1. Develop water control irrigation systenis which permit 
control and measurement of water applied to research plots 
for water and nutrient use efficiency investigations. 

2. Determine the influence of water level and nutrient 
level on water use efficiency (WUE) and nutrient use effi
ciency (NUE). 

3. Evaluate short, white seeded, tan plant selections at 
Shandoweel for general adaptability in preparation for later 
stress screening tests when sprinkler systems become avail
able. 

Research Methods and Approach by Objectives 

1.Little is known about WUE in sorghum and other crops 
in sorghum based cropping systems because of inadequate 
water application control and measurement. Therefore, con
siderable time has been spent in designing a flexible recy
cling irrigation system suitable for small plot work. The 
system will be field tested in April, 1993. 

2. Objective 2 will be addressed in 1993. 

3. Six hundred plus lines from a stress resistant popula
tion were grown out to assess their general adaptability. 

Research Results 

Research results in general are meager due to delays in 
receiving equipment funding but should progress satisfac
torily from this point on. Irrigation equipment for cultural 
NUE and WUE experiments is available and should be used 
effectively in the summer of 1993. A LICOR 6200 is in place 
and training on it will commence in early 1993. Proper water 
stress screening systems are not yet readily available. 1993 
should be a productive year. 
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Honduras 
Darrell T. Rosenow
 

Texas A&M University
 

Coordinators 

Dr. Darrell T. Rosenow, Texas A&M University, Lubbock, Texas 
Dr. Francisco Gomez, Sorghum Breeder, EAP/SRN, Zamorano, Honduras
Dr. Dan H. Meckenstock, Sorghum Breeder, INTSORMIL (Texas A&M) EAP/SRN, Zamnorano, Honduras 

Institutions Involved 

Secretaria de Recursos Naturales (SRN), Honduras 
Escuela Agricola Panamericana (EAP), Honduras 
Texas A&M University 
Mississippi State University 
Purdue University 
University of Nebraska 

Collaborative Program 

Memorandum of Understanding 

The MOU between INTSORMIL and SRN (Secretary of 
Natural Resources) was signed in February 1983. In Octo-
ber, 1988, a MOU between INTSORMIL and the Panameri-
can Agricultural School (EAP) was signed, covering the 
officingofINTSORMILatZamaranoattheschool,collabo-
rative activities with INTSORMIL graduate students, and 
EAP/USAID collaboration with INTSORMIL/EAP/ 
SRN/USAID sorghum research activities. In December 
1991, an MOU was signed between SRN and EAP, which 
officially placed the responsibility for sorghum research 
with the EAP and established a collaborative relationship
between SRN and EAP in the conduct of sorghum research 
throughout Honduras. 

ProgramStructure 

The INTSORMIL collaborative program in Honduras is 
multidisciplinary and multiinstitutional in scope. The pro-
gram includes all aspects of sorghum improvement with 
major emphasis on the tail, photoperiod sensitive local 
landrace varieties called maicillo criollos, which are grown
in association with maize by subsistence farmers on small 
hillside farms. The program has centered around Dr. Dan 
Meckenstock, INTSORMIL sorghum breeder hired through
Texas A&M University stationed in Honduras and his pro
ject, TAM-131, Tropical Sorghum Conservation and En-
hancement in Honduras and Central America. Dr. Franciso 
Comez, PhD-Texas A&M, is a full time sorghum breeder 
and Head of the National Sorghum Program. He offices at 
the EAP along with Meckenstock, at Zamorano, 30km 
southeast of Tegucigalpa. Meckenstock's responsibilities
include support and coordination of INTSORMIL graduate 
students doing research in Honduras, training local scien-
tists, making breeding crosses, increasing seed, packaging 

and distributing regional uniform trials. He heads the breed
ing effort on hybrid maicillos. Dr. Gomez works with Meck
enstock in all phases of the breeding and is responsible for 
all research plots at Choluteca, Comayagua, La Lujosa,
Catacamas, and Danli. He is responsible for all on-farm 
trials throughout the entire country, but with emphasis on 
the Choluteca area, the center of sorghum production in 
southern Honduras. He also is responsible for the 
SRN/EAP/USAID collaborative linancial and administra
tive support of the National Sorghum Program and serves 
as CLAIS Steering Committee Chairman, coordinating net
working activities in the entire Central American Region. 

In addition to sorghum breeding, the Honduras program
involves collaborative activities in entomology, pathology, 
cereal quality, agricultural economics, and agronomy. Ma
jor collaborative programs in place in Honduras are as 
follows: Breeding -D.T. Rosenow (TAM- 122), F.R. Miller
(TAM- 121), and G.C. Peterson (TAM-123) of Texas A&M; 
Entomology -H.N. Pitre (MSU-105) Mississippi State, and 
F.E. Gilstrap (TAM-125) Texas A&M; Pathology - R.A. 
Frederiksen (TAM-124) Texas A&M; Cereal Quality -
L.W. Rooney (TAM-126) Texas A&M; Agricultural Eco
nomics - J.H. Sanders (PRF-105) Purdue; and Agronomy -
Max Clegg and Steve Mason (UNL-113) University of 
Nebraska. 

FinancialInputs and Management 

In addition to the TAM-131 budget, the USAID/H Mis
sion provides major financial support through PL 480 local 
cunency funds to the National Sorghum Program and to the 
INTSORMIL collaborative program. In 1991, they contrib
uted 479,000 lempires for use inthe collaborative INTSOR
MIL/SRNtitAP sorghum research throughout the country. 
Threr funds pay Gomez's salary and support research at 
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Zamorano, Rapaco, Choluteca, Comayagua, Catacamas, Research Methods 
and Danli, as well as the cooperative on-farm trials with 
LUPE. Additionally, collaborating U.S. projects contribute 
substantial amounts of funds "in", "for", or" on behalf of' 
the Honduras program and the entire Central America, 
Mexico, Caribbean region. 

Collaborationwith OtherOrganizations 

The program in Honduras has extensive collaboration 
and networking activities with researchers and organiza-
tions in other countries of the region. Extensive collabora-
tion exists with the ICRISAT/LASIP program at CIMMYT, 
and countries of the region through annual CLAIS meetings, 
regional CLAIS trials, seed and germplasm exchange, co-
sponsoring regional workshops, and through the annual 
PCCMCA meetings. Networking exists with Mexico (sor
ghum tortilla quality), Guatemala (breeding - ICTA and 
quality - INCAP), El Salvador (CENTA - breeding, ento
mology, and pathology), and CATIE. Recent proposed 
changes in the ICRISAT/LASIP program to move from 
CIMMYT possibly to CIAT will likely affect the collabora-
tive activities in the region and networking needs. A new 
initiative on InterCRSP activities in Honduras is underway, 
involving INTSORMIL, Bean/Cowpea, Tropsoils, SAN-
RAM, and Pond Dynamics. Dr. Meckenstock has served as 
the focal point and informal coordinator of the activities, 

CollaborativeWork Plans 

Annual research plans and work plans are developed 
jointly by Meckenstock and Gomez in consultation with 
SRN, EAP, INTSORMIL, and USAID. Graduate student 
research plans are developed annually and submitted to SRN 
for approval. Budgets for AID/H support are jointly devel-
oped each year by Gomez and Meckenstock, and submitted 
by SRN through the Ministry of Finance to AID/H. 

Constraints Researched 

Major emphasis is on improving sorghum production and 
the economic well-being of the small subsistence farmers of 
the steep hillside agricultural areas of Honduras and Central 
America where tall, photoperiod sensitive sorghums, called 
maicillos criollos, are intercropped with maize. Major con-
straints to production and utilization are low yield potential 
of the MC's, drought, insects (fall armyworms, seed and 
seedling pests, stem borers, and midge), diseases (downy 
mildew, grain mold, acremonium wilt, foliar diseases), food 
grain quality, as well as soil, low fertility, topography, and 
related agronomic problems. Of less importance, but also a 
priority, are the larger commercial farms and lowland val-
leys where shorter, photoperiod insensitive sorghums, in
cluding commercial hybrids, are adapted. Similar 
constraints exist in these areas. Availability of seed of 
improved cultivars is also constraint, 

Standard research methods are used for all of the Hondu
ras related research. Research is concentrated at Choluteca, 
Comayagua, and Zamorano, with another site, Rapaco, used 
to grow early generation breeding material and screen for 
adaptation and drought resistance. Entomological field 
work, on-farm trials, and agricultural economics research is 
largely done in farmers fields in Southern Honduras, the 
major sorghum area. The maicillo criollo breeding is all 
done on site in Honduras. Some of the breeding and selec
tion for nonphotoperiod sensitve varieties and hybrids is 
done in the U.S., with advanced material then sent to Hon
duras for evaluation and use. Elite U.S. breeding lines serve 
as the major source of desirable traits in the maicillo en
hancement breeding program. 

Research Results 

Detailed results covering much of the research in Hon
duras can be found in the TAM-131 Project Report within 
this 1992 INTSORMIL Annual Report. 

MaicilloEnhancement and HybridMaicillo 

The major breeding effort in Honduras is two-pronged: 
one is to develop improved maicillo varieties and the other 
is to develop female and male maicillo derivative ,aiental 
lines to be used in the production of photoperiod sensitive 
hybrids. Selected enhanced maicillo varieties have been 
extensively tested in research station plots and in on-farm 
trials, with promising results. The enhanced maicilios show 
an advantage in yield, especially when combined with im
proved agronomic practices, as well as in traits such as grain 
quality and disease resistance. Some of the improved maicil
los have been saved and are being maintained and used by 
farmers. 

'he experimental hybrid maicillos, containing varying 
proportions of maicillo criollo germplasm, show outstand
ing yield potential, demonstrating the advantage of hybrids 
over pure line varieties. The pliotopc.riod sensitive improved 
maicillos and the maicillo derivative parental lines should 
be very useful to sorghum breeding programs in Africa and 
around the world where photoperiod sensitivity is needrd. 
F2's involving improved maicillos were planted in sou.'em 
Mali in 1991, and they segregated for a wide range of 
maturity from early to very late. They appear to be an 
excellent source of lateness for the areas of Mali with a long 
rainy season. 

NonphotoperiodSensitive Hybrids and Breeding 

Several excellent hybrids parental lines and breeding 
gemplasm source lines were identified in the Texas A&M 
developed ISTAT (International Sorghum Tropical Adapta
tion Trial), IFSAT (International Food Sorghum Adaptation 
Trial), IlVAN (International Tall Variety Adaptation Nurs
ery), ADIN (All Disease and Insect Nursery), and GWT 
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(Grain Weathering Test). These trials contain a wide array
of elite Texas A&M developed parental lines and hybrids,
elite germplasm sources, and elite new breeding lines from 
the various Texas A&M sorghum improvement programs.
They were grown at various location in Honduras in 1991 
including Zamorano, Choluteca, Comayagua, and Olancho. 
The best male parents were 86EON361, 87EON366, R8510,
R8503, Dorado, 84C7730, Tx434, R8606, SC1207-2, and 
some new lines (R8505*Tx2817) der., (Tx430*Tx2816)
der., and (Tx435*Tx430) der. The best females were 
ATx63 1, ATx626, ATx635 (A Var), ATxArg 1(AArg34),
Al, A8106, and A4R. 

Outstanding breeding lines identified from the ADIN,
GWT and ITVAN include: (Tx430*Rio)-15, 87BH8606. -,
90CCEON362, 87EON366sis, Bi, 86PON362, 
82BDM499, TAM428, B8618, 90CW8147, MB108B,
88B1214, 90EON328, 88C4910, 88B943, (Malisor 84-
7*VG153) se.90L19178, and (Malisor 84-7* 
VG153)sel19037, TP21RB02-130, (RTAM428*SC414
12)-CSPBKF2-12 and-CSPBKF5, and (Malisor 84-7* 
87EON366)se19254, and (Sureflo*VG153)sel90CC549. 

Research on head smut resistant sources and breeding 
was conducted by Alejandro Palma (Honduran, M.S., 
TAMU, Miller) in Texas. 

GermplasmConservation 

The maicillos criollos of Central America are a unique 
group of sorghums regarding their adaptation, use, photo-
period sensitivity, and type. Their exact origin is unknown 
and no similar types are known to be present in the current 
World Sorghum Collection. Maintaining this valuable 
source of genetic diversity, while at the same time enhancing
the germplasm is a major objective of the INTSOR-
MlL/Honduras sorghum improvement program. Conserva-
tion of genetic diversity in-situ is a major thrust and is being

accomplished by the extensive 
use of a large number of
maicillo cultivars in all breeding efforts. Also important in 

this effort is the extensive use of on-farm trials as a method 

to get enhanced maicillos in use by farmers, where addi-

tional selection and evolution can occur, 


ForageHybrid 

A sorghum-sudan hybrid, ATx623*Tx2784, was in pilot
production by EAP, and performed well in feeding trials. It 
as planned for release in early 1993. It is resistant to patho-
type 1 of downy mildew. 

Cereal Quality and Utilization 

Forty sorghum grain samples, grown in 1991 at 
Choluteca and at Comayagua in the EIME Advanced Im-
proved Maicillo Crillo Trial, were evaluated for alkaline 
cooking and tortlla production in the cereal quality labora-
tory at Texas A&M using standard methods developed over 
the past few years. They also were evaluated for physical 

and chemical characteristics. The grain was generally clean 
and bright at both locations with significant variation in 
pericarp removal, color of the alkaline cooked grain, hard
ness and other properties. Some of the lines had good
potential for use in tortillas, however, they are more dense 
with a harder endosperm requiring more cooking than the 
maicillos currently u 'd. The soft maicillo grain cooks more 
quickly than the new lines but :he color of the tan plant, 
straw glume sorghums is far superior. Some new lines have 
thickpericarpwhichisremovedreadilyduringlimecooking 
and is a definite advantage. Additional trials of the promis
ing samples are underway. 

In addition, seven entries from the PCCMCA sorghum
trials are be,,: analyzed for tortilla making potential and 
kernel characteristics. Grain from farmers fields of two 
experimental improved maicillos will be evaluated for tor
tilla making properties using the pilot scale equipment at 
Texas A&M to confirm tortilla quality. 

Evaluation of the grain of the improved inaicillos DMV
179, DMV-197, local criollo, from on-farm trials, compared 
to Sureflo indicated the improved maicillos to be equal to, 
or superior to the local maicillo criollo in most traits. The 
IM's require a greater cooking time tnan the criollo, but the 
vastly improved color of tortillas and keeping quality of the 
harder grain of the IM's are excellent advantages. There are
instances where farmers are planting Sureflo because of its 
enhanced tortilla quality. 

Entomology 

Noncrop host plants in and around intercropped sorghum
and corn fields were identified. A grass weed Ixophorus
unisetus was observed to be a good ovipositional host plant.
This information will be useful in developing sampling
procedures for fall armyworm eggs and/or young larvae in 
early season. 

Two of the armyworms, Spodopterafrugiperdaand S. 
latifascia,in the "langosta" complex were observed in larval 
host preference and host feeding performance studies. Re
suits have elucidated the importance of noncrop vegetation 
around the crops as preferred or not preferred by young
larvae. Larval and adult developmental studies with S. lati
fascia included observations on mortality, weight gain, de
velopmental time, sex ratio, fecundity and adult morality.
The influence on fitness of !he insect pest fed certain host 
plants explains, in part, the decline in numbers of this pest 
as the season progresses. Those insects feeding on corn or 
sorghum do not have a high survival rate. 

Larval feeding induction studies were conducted to de
termine if larvae that initiate feeding on a weed plant get
induced to it and are thus less likely to move in search of 
another host than those thai do not get induced. Information 
obtained included sequence of hosts visited, time spent on 
host, weight of fbod consumed, and weights of the insects. 
This information will assist in determining the extent of 
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weed management necessary for specific production areas 	 BTx631, and Tx2883. It is noteworthy that many TAM428 
having different plant communities. Several Honduran lan- derivatives show good resistance. 
drace sorghums were identified with antibiosis resistance to 
fall armyworm, S.frugiperda. (Table 1.) Insects responded Economics 
to feeding on resistant plants by having low net reproductive 
rate and/or low intrinsic rate of natural increase of the The economics program continued to publish the results 
population. Antixenosis (non-preference) and/or antibiosis from the earlier fieldwork on the introduction of new culti
resistance mechanisms were identified. Levels of resistance vars and associated technologies in southern Honduras. 
in some lines were maintained over five generations. 	 These results demonstrated the high returns to research and 

the need for complementary agricultural policy to avoid the 
Table 1. Useful traits found in local maicillo criollios price collapses resulting in good rainfall years (Lopez-
Trait Landrace/Cultivar Other designation Pereira et al., 1992). 
Anthacnose, Ladder Billy -203 SC 1370 
Spot The importance of first introducing conservation meas
and Rust resistance Porvenir SC1371 ures in hillside units to prevent farms washing down into the 

Nance Dulce SC 1375 	 valleys was also stressed in a pap'r to the annual meeting of 
the Soil and Water Conservation Society (Lopez-Pereira and 

Fall Armyworm San Bamardo 1II 	 SCi1207 , ldt,1992).
 
SC1384
Lerdo -104resistance 

Pina -61 SC 1385 Surefio has found widespread acceptance throughout the 

Drought tolerance Cacho de Chivo SC1211 sorghum growing regions. In 1991, Ing. David Erazo con

ducted a follow up study of those farmers who tried Sureflo 
SC1211 in 1988 and found that Sureflo had substituted for 28% of

Shade tolerance Cacho de Chivo 
Billy -203 SC1370 the maicillo area. Much of its success is due to its improved 

cereal quality (due to tan plant color and grain traits), yieldColudo -110 SC 1377 

Lerdo -104 SC1384 potential, and dual purposes for use as a forage and grain.
 

Agronomy 
Pathology 

The physiologic and agronomic response of 	'maicillos 
The new pathotype 5 downy mildew nursery site near criollos' landrace sorghum to light intensity and intercrop-

Comayagua at CEDA (former Japanese Irrigation Training ping was studied. Traditionally, maicillos are planted inter-
Center) is developing well with good distribution of P5. A cropped with maize to hedge against drought spells that 
screening program has been established by Francisco severely reduce the grain yield of maize. To evaluate the 
Gomez using the CEDA site to screen, for a modest fee, effect of intercropping and the tolerance to shade of 
private seed company lines and hybrids they desire tested. maicillo, 12 sorghum cultivars (3 maicillo landrace culti-
This is a valuable service to seed companies selling seed in vars, 3 temperate varieties and 6 enhanced maicillo culti-
Latin America, where many countries demand downy mil- vars) were evaluated using three cropping systems, pure 
dew resistance on imported hybrid seed, or hybrid grown in stand, casado and aporque. 
the country. Several breeding lines in the ADIN were resis
tant to P5 downy mildew at Comayagua, including: An experiment was planted at Mead, NE (see project 
87BH8606-6, QL3, Sureflo, 90CCEON362, R6078, BI, UNL-113) using these genotypes and cropping systems. 
90'ON328, 86EON362, B8710, 82BDM499, 138618, Since maicillo won't flower in Nebraska, due to its sensitiv
90CW8147, and 88BD 1749. In hybrid trials, it appears that ity to photoperiod and seasonal requirements, a similar 
A8618 is providing a dominant form of resistance to P5. experiment was planted inHonduras with the aid of Dr. Dan 

Meckenstock (TAM- 131), therefore starting a collaborative 
The ISDMN (International Sorghum Downy Mildew effort to improve sustainable production systems inHondu-

Nursery) and ISAVN (International Sorghum Anthracnose ras. Details of the results can be obtained from project 
Virulence Nursery) were grown at several locations in Hon- UNL-I 13. 
duras in 1991. Although downy mildew is now found in 
most sorghum producing regions, the ISDMN indicates that Mutual Research Benefits 
pathotype 1 oniy is present, except for the P5 found in the 
Comayagua Valley. Anthracnose is a problem, primarily, in The landrace food type sorghums (maicillos criollos) 
the areas of commercial hybrid production such as Olancho from Central America are providing a new source of several 
and Danli regions. Rust is a severe foliar disease. Several useful traits for use by U.S. public and private breeders. 
good sources of rust resistance were identified in the TAMU Useful traits identified in the maicillos include fall army
trials: TAM428, SC326-6,87EON366,88S61,90CW8147, worm resistance, anthracnose, ladder spot, and rust resis
87EON109, 88BD1749, 87H8606-6, 87EON366sis, tance, shade tolerance, drought resistance, and arid soil 
TP21RB02-106,SC1123-I1E, 85C13082, 90BE3533, tolerance (Table 1). Honduran researchers have access to 
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elite U.S. photoperiod insensitive food type sorghums, and 
parental lines, and elite sources of resistance to all major 
disease and insect pests, drought, and lodging, as well as, 
diversity from the converted sorghum lines which are from 
sorghum growing areas throughout the world. The entomol-
ogy and pathology research in Honduras is identifying 
sources of resistance and developing germplasm useful in 
the U.S. The food quality research in Honduras can enhance 
the utilization of sorghum in the Central America region as 
well as contribute to alternate u.-es ofsorghum in U.S. and 
throughout the world. The improved maicillos being devel-
oped in Honduras are an important source of late maturing 
germplasm for use in sorghumr improvement programs in 
Africa where highly photoperiod sensitive types are needed. 
The hybrid breeding program of photoperiod sensitive sor-
ghums in Honduras is the only one in the world, and should 
have worldwide implications. 

histitution Building 

Research Supplies and Support 

The USAID/H Mission contributed 479,000 lempires of 
PLA80 funding (equal to $88,700) in 1991 to the EAP for 
sorghum research. 

Training ofHost Country Researchers 

Dr. Francisco Gomez (Ph.D., TAMU) is currently a 
sorghum breeder and Head of the National Sorghum Pro-
gram. 

Carlos Trabanino (M.S., MSU) and Lorena Lastres 
(M.S., TAMU) are entomologists with the MIPH (integrated 
pest management) project at EAP. 

Marco Castro (M.S. and Ph.D., MSU) is an entomologist 

with Standard Fruit Company in Honduras. 


Host and U.S. Scientists Visits 

To Honduras 

Darrell Rosenow, Fred Miller, Gary Peterson (breeding), 
Bobby Eddleman (INTSORMIL Board of Directors), and 
Aboubacar Toure (Ph.D. - Texas A&M, currently plant 
breeder and INTSORM[L Host Country Coordinator in 
Mali), Dec. 4-10, 1991. 

Frank Gilstrap (entomology), Fall, 1991 to recruit stu-
dent. 

Henry Pitre and Hector Portillo (entomology), June 16-
22, 1992. 

Hector Portillo (entomology), summer, 1992. 

To United States 

Ing. Robert Villeda Toledo, MNR (Advisor to the Min
ister), Francisco Gomez, and Dan Meckenstock to the Inter
national Sorghum and Millet CRSP Conference, July 8-12, 
1991, Corpus Christi, TX. 

Francisco Gomez and Dan Meckenstock to Kansas City 
for INTSORMIL EZC meeting, July 29-30, 1991. 

Francisco Gomez and Dan Meckenstock to College Sta
tion, TX, May 11-13, 1992 to discuss INTSORMII4ICRI-
SAT collaboration in Central and South America. 

Mr. Jose Monroy (entomology), to Texas A&M Feb. -
June, 1992, short term training with F.Gilstrap. 

Networking 

In-Country 

Frequent meetings of INTSORMIL, SRN, EAP, and 
USAID researchers and administrators are used to plan 
research and share research results. Extension personnel 
identify problems and research needs and assist in on-farm 
research and distribute seed of new cultivars. Most on-farm 
trials with iproved sorghum cultivars are in cooperation 
with LUPE, a USAID sponsored soil and water conservation 
project in Southern Honduras. Technical assistance is pro
vided on seed increase ofnewly released cultivars. Graduate 
student research conducted in Honduras is planned through 
visits of the U.S. PI with appropriate collaborators and 
institutions in Honduras. A new USAID supported In
terCRSPing program is being developed for Southern Hon
duras involving INTSORMIL, TropSoils, BeanlCowpea, 
Pond Dynamics, and SANRAM. Meckenstock is serving as 
the key coordinator among these CRSP's, USAID, and 
SRN. 

Regional 

Regional networking consists of direct contacts at the 
annual regional metings of CLAIS, PCCMCA, and the 
Latin American Workshops (cosponsored by INTSORMIL 
and ICRISAT). Francisco Gomez currently serves as chair
man of the CLAIS Steering Committee. Research results, 
through improved breeding lines and materials, are dissemi
nated through regional nurscries and tests developed by 
ICRISAT/LASIP/CLAIS. P1's from the U.S. attend and 
participate in these meetings and workshops, and make 
direct contacts and present research results. Another net
working lctivity is direct visits to countries such as El 
Salvador and Guatemala (as security permits), with cx
change of sorghum breeding germplasm and collaborative 
research activities developed through such visits. 

208 



HostCountry ProgramEnhancement 

Research Accomplishments 

INTSORMIL activities in Honduras began in October, 
1981 with the placement of Dr. Dan Meckenstock, INT-
SORMIL/I'AMU sorghum breeder, at Choluteca in south-
ern Honduras. He was instrumental in renovating the La 
LujosaExperiment Station nearCholuteca, rejuvenating the 
Honduran National Sorghum Program, and establishing an 
active sorghum improvement program in Honduras. 

A landmark study of the sorghum-maize intercropping 
farming systems, as well as nutritional studies, was done by 
Billie and Kathleen DeWalt and graduate students (UK) in 
the subsistence farm, hillside agricultural area of southern 
Honduras. They found sorghum to be an important risk 
aversion crop in the area because of its drought tolerance. 
Sorghum serves as amultipurpose crop with the grain used 
to make tortillas for human consumption, especially when 
the corn crop is poor, and grain and stover being fed to 
livestock. The major constraints to production and utiliza-
tion were identified and are the basis for the direction of the 
INTSORMIL/SRN collaborative program. 

Extensive sociological and nutritional field research 
studies were done by Mary Futrell (MSU) and students in 
three localities in southern Hondur.is where sorghum is a 
staple food. Although asubstantial amount of malnutrition 
exists, it was determined that with the use of sorghum in the 
diet, it is possible to grow enough maize, sorghum, and 
beans to meet energy and protein requirements. 

Three releases of photoperiod insensitive improved sor-
ghums have resulted from the SRN/INTSORMIL collabo-
rative program. The variety Tortillero was released in 1982, 
the hybrid Catracho was released in 1984, and the variety 
Sureflo was released in 1985. All are white seeded, food type 
sorghums that produce good au ality tortillas. Sureflo is a 
dual purpose variety with good disease resistance, tan plant 
and grain with resistance to the maize weevil, grain mold, 
and weathering. Extensive seed increases have been made 
of all three, espec,.ally of Surefilo, in cooperation with the 
Honduran Depa-rtnen: of Seed Production, and distributed 
to fan-ners through Recursos Naturales and Extension per-
sennel. Sureflo has been accepted quite well in southern 
Hondurs, with one survey indicating 28% of the farmers 
had tried it, and 48% of those have adopted it. 

Extensive on-farm testing indicates that Suretlo and Ca-
tracho produce higher grain yields than traditional maicillo 
criollo varieties. Data from 47 sites showed an increai;e over 
local cultivars with traditional practices of 23% and 38% 
respectively. The magnitude of their yield advantage in-
creased considerably when c;tedwas treated with asystemic 
insecticide (37% and 63% respectively) and when seed 
treatment was combined with 60 kg./ha nitrogen (68% -nd 
113% respectively), 

The improved maicillo advanced breeding lines per
formed very well in yield trials, inciuding the EIME Ad

vanced Improved Maicillo Yield Trial, and the most prom
ising have been used in extensive on-farm trials. On-farm 
trials in 1989 indicated that the improved maicillo lines 
yielded slightly better than the traditional maicillo with 
traditional culturad practices, but had 30 to 50% higher yield 
when using an insecticide, seed treatment, and fertilizer. 
Grain of the IM's issupplied to the Cereal Quality Labora
tory at Texas A&M University, where extensive grain qual
ity evaluation is performed. A few of the improved maicillos 
had grain and tortilla quality equal or superior to the local 
cultivars. The tan plant, straw glume lines were particularly 
good for tortilla quality. 

Hybrid maicillos have shown a large yield advantage 
over local maicillo varieties. Breeding for hybrid maicillos 
has become a priority breeding objective. Some B-line 
improved maicillos have been idcr.tified and are being ster
ilized and new restorer lines have been developed. 

A sorghum-sudan-grass F1 hybrid (ATx623xTx2784) to 
be called Ganadcro, for use as a forage for livestock is 
planned for release in early 1993. 

Research on grain quality indicates that sorghum grain 
with certain traits can produce tortillas of comparable qual
ity to those of maize. Important traits were found to be white 
grain with an absence ofpigment or staining, grain with little 
or no grain mold or weathering, grain with a thick pericarp 
to facilitate pericarp removal, and grain which retains alight 
color in the presence of alkali. Tan plant color and tan or 
straw colored gl'imes are also dsirable. Quick quality tests 
and cooking trials have been developed to screen breeding 
material for these traits. Development of high yielding, food 
type sorghums with these grain quality traits should have 
direct and significant application not only to Honduras, but 
to surroun'ing countries such as El Salvador and Guatemala 
where sorghum is a traditional food, as well as to Mexico 
and othei countries of Central and South America where 
sorghum can be used as a replacement or substitute for 
maize. 

The released variety, Sureflo, and some of the improved 
maicillo lines produce tortillas superior in quality to the 
local landrace maicillo criollo cultivars, especially those 
with tan plant and glume color, and enhanced grain 
mold/weathering resistance. 

Diseases of sorghum in Itondufas have been identified, 
and their importance detennined through incidence, sever
ity, and loss assessment studies. Diseases of major impor
tance are downy mildew, MDM, grain meld, acremonium 
wilt, and foliar diseases such as gray leaf spot, rust, zonate, 
ladder spot, gray leaf sjpot, and oval leal spot. Locad and 
introduced germplsm has been screened for resistance, and 
resistance sources have been incorporated into tie breeding 
program. Acremonium wilt, a new disease of sorghum, has 
been identified as apotentially serious disease in Honduras. 
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Downy mildew was identified as a serious disease in 
several areas in Honduras. A new, virulent pathotype (P5) 
was identified in 1986 at Comayagua which attacks most of 
the commonly used sources of resistance in the U.S. New 
sources of resistance have been identified. A downy mildew 
screening nursery has b(.A establihed at Comayagua. 

Studies on biological control of the fall armyworm and 
stem borers have been completed, and an exotic parasite
effective in controlling stem borers was mass reared and 
released in Honduras and El Salvador and apparently has 
become established, at low numbers, in br.4h countries. 

The complex of insect pests, especially seed and seedling 
pests, on initercropped sorghum and corn in southern Hon-
duras has been identified, studied, and control strategies 
developed. Important seed and seedling pests include sev
eral soil inhabiting arthropods: white grubs, wireworms, 
rootworms, ants, and millipedes. The Langosta. a lepidop-
terous larval pest complex which ravages young sorghum 
and maize plants in southern Honduras in May and June, 
was idenified to include southern armyworm, fall army-
worm, and two grass loopers. A study of the ecology and 
population dynamics of these pests indicated that the pres-
ence of noncrop vegetation is important in the buildup of 
insect infestations prior to feeding on the crops. A grass
weed was observed to be a good ovipositional host plant. 
Several native maicilios criollos, AF28, and TAM428 were 
identified as possessing a gooa level of resistance (antibio-
sis) to the fall armyworm. Midge resistant sorghums from 
the U.S. also show good resistance in Honduras. 

Conservation of genetic diversity in-situ is a major thrust, 
and is being accomplisl: d by the extensive use ofmaicillos 
in breeding lines, and through the extensive use of on-farm 
trials where improved maiciilo are evaluated and then saved 
and used by farmers along with thez landrace cultivars. 

Over 200 native maicilos criollos (local sorghums) have 
been collected from Honduras and neighboring countries. 
Over75 have been ir.roduced into the U.S. and 44 havebeen 
enterci into the cooperative TAES/USDA-ARS Sorghum 
Conversion Program. They should be very useful in broad-
ening the sorghum germplasm base available in the U.S. and 
as sources of desirable grain quality and disease and insect 
resistance. 

Numerous U.S. derived sorghum germplasm lines have 
been evaluatw'd in Ilonduras and provide the primary sources 
of disease resistance, high yield potential, insect resistance, 
and weathering resistance used in the Honduran sorghum 
improvement program. 

A close networking of sorghum researchers has devel
oped in the Central America, Mexico, and Caribbean area 
as a result of the INTSORMIL activities. This is accom
plished through cosponsoring five Latin American work
shops with ICRISAT/LASIP at CIMMYT since 1981 (one 
each on pathology, quality, breeding, farming systems, and 

seed production), participating in and presenting research 
results at the annual CLAIS and PCCMA meetings, partici
pating in regional CLAIS sorghum trials and nurseries, 
through germplasm exchange such as breeding lines, breed
ing nurseries, and collection exchange of local landrace 
varieties, and through direct visits to neighboring countries 
by INTSORMIL and Honduran scientists. 

In late 1987, a major regional workshop emphasizing 
research on the maicillos criollos was held in Honduras, 
cosponsored by INTSORMIL, SRN, and ICRISAT/CLAIS. 

A growth analysis study of a native maicillo and im
)roved maicillo in pure stand and in association with maize 
indicated that the late maturing native maicillo has tremen
dous potential to produce biomass in the tropics. 

Shade tolerance has been identified in several maicillos 
and improved maicillos. This trait could be very useful, not 
oniy in Honduras, but in other countries. 

Seven Hondurans, plus two other Central American stu
dents, have been trained with most conducting their research 
in Honduras. Several Central American researchers have 
been involved in short term training missions to the U.S. 

An extensive farm-level analysis conducted in southern 
Honduras was used to estimate the effects of adoption, 
income impact, and constraints to new technology introduc
tion. On the hillsides, once soil conservation practices (rock 
terraces) were in place, farmers were interested in other new 
technologies. The combined use of terraces and new culti
vars (Sureflo and Catracho) increased expected income by 
15%. If price collapse in good rainfall years is avoided, the 
income increase would be 58%. Estimates of the adoption 
of the new cultivars (primarily Sureflo) by hillside farmers 
ofsouthern Honduras range from 5%to 13% of the sorghum 
area. 

Sureflo has found widespread acceptance throughout the 
sorghum growing regions in Honduras. A study was con
ducted of farmers who tried Sureflo in 1988, and results 
showed that Surflo had substituted for 28% of the maicillo 
area. Much of its success is due to its improved grain and 
cereal quality (tan plant and glume color and grain traits),
yield potential, and dual purpose for use as both a forage and 
grain. 
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Collaborative Program 

The program in Mali is a coordinated effort among INT- Malian counterparts to provide additional support to accom-
SORMIL and the ER. The vital co!laboration continues to plish the research. 
provide efficient use of resources. In Mali, each Malian 
scientist de-elops research plans cooperatively with an INT- Memorandum of Agreement 
SORMIL counterpart which provides for effective research 
planning, communication and coordination. Major INT- A Memorandum of Agreement to allow transfer ci"funds 
SORMIL collaborators travel to Mali annually during the was signed in Mali on October 10, 1984. The 1991-92 work 
critical period -f4 the crop yea to consult, review progress plan and budget were developed and approved by IER in 
and plan future activities with their Malian counterparts.In- July of 1991. 
dividual INTSORMIL investigators transfer funds to 
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Production and Utilization Constraints 

Yield stability in sorghum/millet production is of major 
importance where food production is maiginal relative to 
population. Low soil fertility, drought, diseases, and insects 
are major factors affecting yield instability.Milling proper
ties of the grain are critically impoilant. Head bugs wid 
molds adversely affect grain quality, especially of the high 
yielding introduced sorghum lines, sometimes rendering the 
grain unfit for human food. Surplus production of grains in 
good years causes reduced prices. Trans ormation of sor-
ghum and millet into new shelf stable foods and industrial 
products is required to encourage loc' production of grains 
and to enhance agribusiness activities, i.e., food processing 
and poultry feeding. 

Efforts are concentrated to strengthen research on breed
ing, crop physiology, soil and water relationships, entomol-
ogy, pathology, and food processing and technology. An 
effort to develop new food products from cereals and leg-
umes is emphasized. Selection for enhanced drouglt resis-
tance is a major concern. Major activities involve the 
introduction and use of new genetic materials in breeding 
programs tc develop cultivab to increase or stabilize grain 
yields with desirable food quality. 

New Opportunities 

The Malian program has continued work on millet ento
mology, breeding, quality and cropping systems. Work to 
develop Striga resistant sorghums and photosensitive late 
maturing sorghums to escape the head bugs and molds was 
expanded. InterCRSP activities were initiated for breeding 
and selection for nutrient efficiencies during the 1992 crop-

ping season by a Malian sorghum breeder who returned to 
Mali. A Maian Ph.D. soil scientist will return to Mali to 
collaborate in this program in late 92 or early 93. 

Research Progress 

Gemplasm Enhancement 

StrigaResistanceandBreeding 

F2 seed and 40 F3 selections of the cross (SRN-39*Mal
isor 84-7) were sent from Texas to Mali and evaluated in 
1991 under natural Striga infestations. Ten F3's were se
lected for further use based on Striga resistance and grain 
yields at Katibougou. The resistance of SRN-39 was ex
pressed under natural Striga infestation in Mali. 

A replicated Strigatrial from Dr. G. Ejeta, Purdue Uni
versity, containing resistant and susceptible progeny of 
SRN-39 and Framida was sent to Mali for planting in the 
1992 crop year. Several local Guineense cultivars collected 
in southern Mali have a local name, S6gu6tana, which means 
Striga resistant in the local (Bamana) dialect. A few have 
been introduced into the USA for laboratory evaluation by 
Dr. Butler, Purdue University. They will be included in the 
Strigaevaluation trials in 1992 in Mali. 

InternationalFoodSorghum Adaptation Trials(IFSAT) 

Grain yields of the International Food Sorghum Adapta
tion Trials at Cinzana Mali were excellent in 1991 (Table 
1). Again, as in 1990, the top yielding hybrids were crosses 
with Dorado with the top performer yielding 5.03 tons per 
hectare. However, the head bug-grain mold complex was 

Table 1. Yield and quality of selected entries in the International Food Sorgimm Adaptation Trials (IFSAT) grown 
at Cinzana, Mali in 1991. 

Mean 
50%bloom Plant height Yield Decort. yield T texture 

Treatments (days) (m) (pha) (%) (mm) 
ATX631IDorado 62bcdef 2.22b 5.02a 48.8 9.3 
AArg 34* Dorado 60defgh 1.88d 4.84a 52.2 13.9 
AVAR * Dorado 6lcdef 1.94d 4.Ilab 66.6 9.0 
ATX 630* R 3338 60defgh 1.46mno 3.09bcde 63.7 15.9 
AArg 34* R 8510 62bcdef 1.66efghi 282cdef 57.4 8.3 
Sureflo 66& 2.06c 2.27cdefghi 62.5 10.3 
Dorado 65abc 1.471mno 2.31cdefghi 76.1 9.3 
ATX631*CSC120TX7000 56ijklm 1.61ghiJk 2.Ilddfghi 40.4 7.6 
ATX 631* R8505 55Jklm 1.53ktm 2.3xldefghi 48.5 9.5 
VO 153 66a 2.36a 2.73cdef 64.0 8.0 
Malisor 84-7 65abc 1.48hnn 2.22cdefghi 70.0 8.0 
ATX 631* RTX 435 59efghij 1.65e..j 2.28cdefghi 46.6 9.7 
ATX 631* R 8504 59ef..j 1.47k..o 1.95defghi 55.8 9.3 
Checks 
Malisor 84-1 61,iefg 2.24b 3.07brde 66.8 8.2 
Malisor 84-7 66a 1.33pq 2.04defghi 70.3 9.3 
Mean 59 1.61 2.59 54.9 9.9 
CV % 3.41 3.33 23.13 
id 10.0 2.0 
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very severe and reduced the grain quality drastically for Malian br .ing programs. Yield of high quality food prod
most entries, even for the tan plant entries. Sooty stripe was ucts per hectare should be the major criteria for selection of 
a serious problem also. sorghum in Mali. 

Only hybrids with Dorado and A-Var(Tx 635) had Late PhotosensitiveCultivar Development 
acceptable grain quality (Table 1), whi.e only Dorado, A-
Var, R3338(waxy)andR-8510hadsoneresistancetosooty Numerous crosses with the very late photosensitive 
stripe.Themajordefectinqualitywasreduceddecortication Maicillo Criollo and improvd Maicillo Criollo sorghums 
yields which is a major problem when head bugs and molds from Hondw -s (developed by Dr. Dan Meckenstock, INT
soften the endosperm. The color of porridges from khe tan SORMII sorghum breeder, TAM-131) with elite high 
plant sorghums was far superior to that of purple or red yielding and Guinea types were made to develop breeding 
plants. material for the southern part of Mali which requires long 

season cultivars. Several F2 populations were grown in Mali 

HeadBuglGrainMold BreedingProgress in 1991. Segregation for maturity was excellent with a wide 
rai.ge of maturities present from early, photo insensitive 

Malisor 84-7 is an excellent source of resistance to head plants to late plants like the original Maicillo Criollo deriva
bugs. A large number of progenies from Malisor 84-7 have tives from Honduras. The Maici!los Criollos provide excel
been identified as resistant to head bugs and have been lent sources of late maturity genes; but, the grain isattacked 
entered into multi-lecation trias across Mali. The progenies by head bugs and molds. Selections from the F2 segregating 
have excellent agronomic, grain quality and disease resis- populations were planted for selection/ increase/evaluation 
tance which should lead to a potentiallh useful variety, in southern Mali during the 1992 crop year. In additicii, 
R-6078, a grain mold/weathering resistant type from Texas, three trials we.e planted in 1992 in southern and central Mali 
was identified as tolerant to head bugs by Dr. Doumbia in consisting of sorghums with ultra late genes and normal 
Mali. It appears that the combination of head bug resistance comparisons to determine pot itial new methods of devel
with grain mold and weathering resistance ispossible. Two oping hybrid, photosensitive sorghums. This could lead to 
ICRISAT-developed lines from Burkina Faso, ICSV a major improvement in sorghum yields, and especially 
1079BF and ICSV 1089BF, possess useful head bug resis- grain quality, because the photosensitive hybrids would 
tance along with desirabie agronomic characteristics. Other mature after the rains. 
sorghum lines identified as very useful in the breeding 
program based on performance of breeding progeny in Mali HeterosisStudies of GuineaSorghums 
include: Dorado, Sure~o, 86EON361, M50009, VG-15, E 
36-1, S-34, ICSV 401, ICSV 1079 and ICSV 1002. The Relatively low yields of guinea sorghums have been a 
progeny of CE 151 perform very well in the dry, northern major obstacle for sustained progress in yield improvement 
areas of Mali. of the race in West Africa. Several genetic analyses were 

completed on guinea and non-guinea forms of sorghum. 
Head bug resistance appears to be quantitative and reces- From an evolution point, the guinea form apparently 

sive in nature. Several Maiisor 84-7 derivative breeding evolved differently from non-guinea types. During their 
lines were selected for grain hardness and overall grain evolution, adaptation and stabilization, these sorghums ac
quality in Texas, and then evaluated in Mali in 1991. Only cumul.ated primarily genes which contribute to stability of 
a few showed acceptable levels of head bug resistance, grain yield and to such traits as hard grain with res-istance to 
indicating that endosperm hardness alone does not result in mold, weathering and insect damage which is useful in food 
head bug resistance. Other unidentified factors appear to be grain quality rather than genes that contribute to high yield. 
more important. To successfully select for head bug resis- Quality of Guinea sorghums can be improved dramatically 
tance, it is necessary to screen in the presence of heavy head by changing glume and plant color while retaining the other 
bug pressure. desirable characteristics. Such culLivars would provide grain 

of exceptionally high quality for processing into value-
The combination of head bugs, grin molds and weath- added products. Selections (F3/F4) of Guinea types with tan 

ering, causes significant damage to the quality of the grain plant color will be evaluated in preliminary yield trials as 
that ;;produced in addition to yield reduction. Even the local soon as possible. 
photosensitive types are attacked by head bugs with result
ing pigmentation of the grain which gives food products an PearlMillet Breeding 
unattractive purple or red color. For food use in the more 
humid areas of Mali, the development of tan plant varieties, Downy mildew resistance in pearl millets is absolutely 
photosensitive, with straw colored g!umes should be empha- rcquired in West Africa. U.S. pearl millets do not have 
sized to minimize the color and avoid grain mo!ds. Only then acceptable downy mildew resistance. Therefore, crosses of 
will sorghum be a high quality raw ingredient for processing elite U.S. millets with Malian millets are made in the U.S. 
value-added, shelf-stable foods that have an exceilent and returned to Mali as F1, F2 or S, selections possessing 
chance of competing with rice, wheat and maize products. the desired characteristics. Additional selection occurs in 
Grain yield, per se, is not the most important criteria for 
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Mali where downy mildew pressure is high. These methods 
provide new useful germplasm efficiently. 

An effective level of drought tolerance is obtained by 
selecting millet lines that proauc., root systems that pene-
trate and extract moisture from soils with fine-textured, 
dense subsoil profiles. These types from the Kansas pro-
gram have been sent for evaluation in Mali. Several S1 lines 
derived from nine Malian varieties were screened in 1991 at 
Ft. Hays, Kansas under conditions where 200 mm of stored 
subsoil moisture was available to depths of 1.2 m in the soil 
profile. Only 157 mm ofrainfall was recorded from planting 
to maturity. Using total biomass production and visual stress 
scoring as measu:es ofdrought response, highly significant 
phenotypic variation was found in the ability to extract 
stored soil moisture. A nursery of S, lines with drought 
response ratings ranging from poor to very good were 
selected from within four varieties and sent to Mali for 
drought stress evaluation in 1992. By limiting selection in 
Kansas to the S1 generation, acceptable levels of downy 
mildew resistance should be retained. 

Crosses between elite Kansas lines and materials from 
Mali have produced several excellent F, hybrids and F2 
families exhibiting good yield potential and drought toler-
ance. The best materials were sent to Mali for selection and 
advancemenL Several F2 families produce segregates with 
heights of 1.7 to 1.9 m suitable for intercropping with 
legumes. 

Seed Exchange 

Over80introductionsofelitebreedinglinesandbreeding 
progenies were introduced into the U.S. from Mali the past 
two years for use inthe Texas/IER/INTSORMILcollabora- 
tive breeding program. These arm useful for Texas and are 
crossed with other elite germplasm lines to generate new 
breeding material for use in the Malian program. 

A large number of crosses involving drought and soil 
toxicity/acid soil tolerant sorghums, Bagoba, BabadiaFara, 
N'GaberiKim6 and Gadiaba were made in Texas with elite 
sorghums from around the world with high yields, drought, 
disease and insect resistance and grain quality. F2 seed was 
sent to Mali for planting in 1992. Other lines used extei,
sively in these F2 's were SRN-39 (Strigaresisiance), Mal-
isor 84-7 (head bug resistance), Ajabsido (diought
resistance), as well as Sureflo, VG-153, B Varl (BTx635) 
and Dorado, which show some head bug resistance as well 
as grain mold resistance and improved grain quality. 

Plant Protection 

Sorghum Pathology 

A major aspect ofpathology research in Mali has been to 
examine the relations between head bug damage and molds 
on seed deterioration. It was observed that known mold 
resistant sorghums, such as SC748 and Sureflo, develop 

extensive mold damage if the sorghum heads are not pro
tected from head bugs. Protection from head bugs will be a 
requirement for evaluation of grain mold resistance. This is 
important because grain mold and head bug resistance is 
required in an improved sorghum cultivar for Mali. Fungi 
isolated from damaged sorghum seed in 1991 were predomi
nately Colletotrich'mgraminicola,Phomaspp. andCurvu
lariaspp. The infrequent isolation of Fusariumspp. may 
reflect the method or unique environmental conditions. 
Chemical control of grain mold using benomyl was ineffec
tive. 

Anthracnose has become a major concern; the level of 
disease remains high. Susceptible cultivars in 1991 were 
IS2057 and TX434. Both of these differentials are resistant 
at other locations, adding to the speculation that the isolates 
of C. graminicolain Mali are different from those in other 
regions of Africa and the Americas. 

Seed Treatmentsfor PearlMillet Downy Mildew 

Downy mildew, a major problem in millet production in 
West Africa, may be controlled by use of metalaxyl com
bined with carboxin and furathiocarb. The product called 
Apron®plus is produced by Ciba-Geigy and has been tested 
in Mali for several years at Ciazana and many other loca
tions by M. Diourti and others. In 92 trials conducted over 
four years in Mali, mean pal millet grain yield improve
ment was 21.3%. Part of the increase in performance can be 
attributed to increased stands, and seedling vigor, in addison 
to downy mildew control. Ciba-Geigy plans to market 
Apron® plus in Mali where the cost benefit ratio exceeds 
1:5. Currently, extensive tests are being conducted in the
 
1992 crop year and Mr. 0. Coulibaly, Ph.D. student at
 
Purdue, plans to test the economic returns in summer of
 
1993. 

This technology has the possibility of greatly enhancing 
millet production in Mali. However, there are potential 
toxicity and environmental problems which must be care
fully evaluated p'ior to general use of the treatment. The 
technology may be a major break through in production of 
more grain in millet regions because the millet grows faster 
and makes more efficient use of all available moisture. 

Head Bugs of Sorghum 

Panicle FeedingBugs of Sorghum 

1991 was the third year of the collaborative sorghum 
entomology research program in Mali between Drs. Y.O. 
Doumbia and G.L. Tectes. The goals of the project are: 1) 
develop screening methods to find sorghum lines with re
sistance to panicle feeding bugs that are usable by plant 
breeders to evaluate progeny lines; 2) determine the rela
tionship between bug abundance and damage and pathogen 
infection, grain deterioration and food quality; and 3) deter
mine the relationship between resistance and glume, kernel 
and panicle characteristics. Research conducted included a 
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preliminary screening trial, an advanced screening trial, an 
assessment of the interaction of panicle-feeding bugs with 
molds and determination of the most simple method to 
protect panicles from bug infestation and damage. 

PreliminaryScreening Trial 

The trial involved 51 sorghum varieties from the National 
program, Texas A&M University and ICRISAT. These 51 
varieties had been selected by screening 100 lines in 1989 
and 1990. Bug abundance was recorded for 5 panicles and 
bug induced damage was rated. Other parameters measured 
included vitrosity, 1000 kernel weight, germination and 
flotation. Bug abundance was very high (mean of 140 
bugs/5 panicles) as 'vas bug damage ratings (mean = 2.4, 
range = 1.25 to 4.5). 

Advanced Screening Trial 

Nine sorghum varieties were tested for resistance to 
panicle-feeding bugs in an advanced trial. These had been 
selected based on screening experiments during 1989 and 
1990. Based on multiple selection parameters, Malisor 84-7, 
R6078, B Varl (BTx635), and '82selDur' Durra were the 
most resistant of the nine lines. 

InteractionBetween Bug Damage andPathogen Infection 

Panicles were protected from both bugs and molds using 
a combination of bags and fungicide (Bcnomyl) application. 
Damage to the grain was compared with grain from panicles 
unprotected from bugs or mold. Bugs were aburdant (mean 
of 150/5 panicles). Both bugs and molds caused damage to 
sorghum kernels; the combination caused more damage than 
either one alone. Of the two, bugs caused more damage than 
mold, based on most damage parameters evaluated, 

Grain Quality Studies 

Additional work on parboiling of sorghum and millet 
confirmed that the variety was critically important for pro-
duction of good quality, higher value, marketable products. 
The use of sorghum grain from the market resulted in 
products with high levels of dark, black or purple stained 
kernels that significantly lowereo the appearance of the 
products. Good quality food products can be consistently 
made from only high qtality sorghum. The best quality is 
obtained with grain from sorghum cultivars with white 
pericarp, without a pigmented testa, with tan plant color and 
straw color glumes. In the more humid areas of Mali, the 
grain must be photosensitive to escape serious damage from 
the head bug- mold complex. Thus, it is very important that 
plant breeders develop photosensitive tan plant cultivars that 
produce high quality, light colored kernels which will allow 
production of marketable processed foods such as large and 
fine grits, meal and flour. The yield of grain does not need 
to be increased drastically because the higher quality will 
enhance the value of the grain significantly for home use and 
for commercial production of value added products. Cur-

rently on the streets of Bamako, ladies sell processed corn 
grits and meal at premium prices because they are of good 
quality. Superior sorghum produciO could be sold in the 
same fashion. It is particularly ironic that a semiindustrial 
corn milling company, called CERECOM, produces dry 
milled corn products but cannot produce quality equal to that 
produced by the ladies. 

There appears to be a niche market for good quality 
processed products sold at reasonable prices in Mali. But, 
the major hurdle is the lack of good quality sorghum for 
processing. The market samples of sorghum evaluated are 
blends of white ;orghum with badly stained kernels that 
cannot be processed into top quality products. The obvious 
solution is to produce good quality grain and process it into 
a good quality product that is priced high enough to produce 
a profit; but significantly lower than rice. Products with 
potential are parboiled and nonparboiled decorticated sor
ghum of various sizes for use in traditional dishes. The 
technologies are available but the sorghum cultivars are not 
ready yet. The IER breeding program has a few photosensi
tive, white, tan, straw glume advanced sorghum lines in 
multilocation trials which could be useful if their yields are 
at least equal to local cultivars. 

L boratoryEvaluationofSamplesfrom the Crop 
Improvement Program 

Research continues in Mali, in the Food Technology 
Laboratory, to improve methos of selecting sorghums and 
millets for t6 quality. Sorghum and millet lines and varieties 
from the Malian breeding programs were evaluated for 
kernel characteristics, physical properties, decortication 
yield and the properties of fresh and stored t6. The tangential 
abrasive dehulling device effectively provides decorticated 
grain for t6 tests. When only small quantities of grain are 
available, a mini t6 test is performed on the flour. Potential 
new cultivars are compared with local cultivars for porridge 
texture and keeping properties. For advanced materials, 
larger samples are milled, cooked into t6, and evaluated in 
larger cooking trials as needed. 

Milling and t6 properties of grain from the IFSAT trial, 
grown at the Cinzana station in 1991, showed that head bugs 
and mold softened the grain and significantly reduced the 
yield of decorticated grain although a few cultivars had 
acceptable milling properties (Table 1). Only selected, illus
trative data are presented; but, a few cultivars, especially 
Dorado and its crosses, had acceptable dehulling properties 
with high grain yields. The waxy hybrid, ATx630*R3338, 
had good milling properties; but, the porridge quality as 
expected was poor with a very unacceptable color because 
of its purple plant color. The cultivars with tan plant color, 
even though badly damaged by head bugs, had , "eptable 
tO color. Parboiling the damaged kernels from ta. plants 
enhanced milling yields significantly and still produced 
acceptable color t6. The presence of head bugs and molds 
create very serious problems limiting the use of high yield
ing sorghums in Mali. Processing the damaged grain could 
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be one possible alternative or it could be used for poultry 
feed. Ultimately, there will be -)rghum grown for food and 
lower quality, higher yielding sorghums will be grown for 
livestock feeds. 

Millet Grain Evaluation 

Grain of I1 varieties of millet grown at Cinzana was 
parboiled using a soak-boil procedure and the processing 
properties of the raw and parboiled samples were compared. 
The information showed that parboiling increased the decor
tication yields significantly and enhanced the texture and 
yield of the cooked decorticated grain but cooking time was 
also increased. The greatest response to parboiling was with 
soft kernels. 

The food technology laboratory conducted several dem-
onstrations of various food products prepared from sor-
ghum, millet, maize and various grain legumes to distribute 
information to potential users. Popped sorghum, noodles 
and other products were made. 

Agonomy Studies 

Agro-Physiology 

Previous research showed that treatment ofsorghum seed 
prior to planting with abscisic acid (ABA) increased the 
drought tolerance ofseedlings grown from this seed. It was 
also found that seed produc, .i i Bema, Mali produced more 
drought tolerant seedlings than those grown from seed pro
duced at Cinzana, Mali. Recent rcearch involving seed 
analysis for free and conjugated-ABA, found that generally 
there was a greater accumulation of conjugated-ABA in 
seed produced in a stressful environment (Bema) than in 
seed (from the same source) produced in a less stressful 
environment (Cinzana). There were no differences between 
the locations in free ABA. 

In further research on proline accumulation in sorghums,
 
there were significant differences between genotypes in 

quantities ofproline accumulated in roots, stems and leaves.
 
Those sorghums accumulating high amounts of proline had 

significantly greater heat and desiccation tolerance than 

those that accumulated less proline. Landr-aces obtained 

from Mali had high heat and desiccation tolerance, 

Soil Toxicity Studies 

Several field experiments were implemented to alleviate 
soil chemical properlies associated with nutrient deficien-
cies/toxicities in sandy soils of the Cinzana station as well 
as to test contrasting sorghum genotypes in these soils. 
These experiments were conducted for 2 consecutive grow-
ing seasons (1990 and 1991) in the same experimental units. 
Sorghum genotypes tested included Babadia Fara, CSM 63, 
Malisor 84-5 and ATx631 x Dorado. The genotypes were 
tested in combination with low levels of both N and P. 

"he symptoms of poor early sorghum growth (leaf yel
lowing and purpling followed by seeding death) were dis
played at a lower percentage in 1990 by Malisor 84-5 
(susceptible control) in comparison with previous data. In 
addition, leaf purpling (typical symptom of P deficiency in 
sorghum seedlings) was displayed by each of the above 
genotypes except Babadia Fara. Soil conditions strongly
affected the different genotypes in 1991 (Table 2). Leaf 
purpling was displayed by seedlings of Babadia Fara, but 
rates of survival wtre significantly higher. 

Table 2. 	 Genotype growth and yield in 1990 and 1991 
(control plots only) genotype affected seed
lings 

Affected seedlings Grain yifld 
Genotype -(%) _(k hs") 

1990 Growing Season 
Babadia Fara 0 1038 
CSM 63 0 1275 
Malisor 84-5 2 601 
ATx631 x Dorado 0 1346 

1991 Growing season 

Babadia Fara 25 554 
CSM 63 45 455 
Malisor 84-5 
ATx631 x Dorado 

69 
91 

147 
0 

The effect of different N and P levels were significant on 
sorghum growth. Combining the two nutrients significantly 
enhanced growth over applying either nutrient alone. 

A common feature of each experiment was the high
variability within and between experimental units. In addi
lion, large variabilities were observed in the response of the 
different genotypes from growing season to growing season 
(Table 2). Average coefficients of variation were 58% in 
1990 and 94% in 1991. Definitive conclusions cannot be 
made; however, it is _Lear that Babadia Fara is the best 
sorghum for soils with severe nutrient stress. 

Cropping Systems 

Two long-term cropping system studies were established 
in 1990. At the higher rainfall site at Samanko, cropping 
systems were sorghum-peanut based, while at the lower 
rainfall site at Cinzana, pearl millet-cowp,.a based systems 
were used. Randomized complete block designed experi
ments with split plot treatment arrangement and 4 replica
tions were used. Continuous sole c.op, continuous intercrop,
and rotational systems were included as whole plot treat
ments, with N fertilizer rates as subplots. Data collected 
included grain and stover yields and yield components. 

Three studies on crop residue management were initiated 
in 1990. The objectives of these studies are to determine 
variety (improved versus unimproved) interactions with 
crop rcziu"ue level at different N rates, and effect of residue 
removal, residue incorporation and residues on the soil 
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surface upon grain yield and soil properties. At present, only 
preliminary results are available. 

Nitrogen (N)Levels andCroppingSystems 

In both 1990 and 1991, no interaction between cropping 
systems and N rates occurred for either study. Application 
of 80 kg ha1lN greatly increased the yield of sorghum, while 
pearl millet did not respond to levels of nitrogen above 20 
kg ha-1 (Table 3). 

Table 3. Influence o1'N rate on grain and stover yields 
of sorghum and pearl millet in 1991. 

Sorghum yield Pearl Millet yield 

N rate Grain Stovcr [ N rate Gra; Stover 
kg- - -------------- kg h 1 

0 1195a 3161a 0 970a 2545a 

40 14 P,8b 3819b 20 1144b 3380b 

80 174c 4544c 40 1048b 3528b 

Means within each olmm followed vith the amie letter arenot significantly differ-
t at p < 0.o5. 

The rotation ofsorghum with peanut and pearl millet with 
cowpea increased both grain and stover yields (Table 4). 
When sorghum-peanut intercrop was the previous crop, 
sorghum grain and stover yield was increased over that of 
continuous sorghum, but not as much as following a peanut 
crop. In contrast, the previous millet-cowpea intercrop re-
sulted inno improvement of either the succeeding pearl 
miiet grain or stover yield. Sorghum showed a greater 
response than pearl millet to N application and the previous 
legume or cereal-legume intercrop than did pearl millet. 
Sole-cropped sorghum following peanut produced a yield 
equivalent to continuous sorghum with 80 kg ha- Nappli-
cation, while sole-cropped millet produced yield equivalent 
to 40 kg haI N application. Analysis of intercropping effi-
ciency using Land Equivalent Ratios (LER) indicated that 
the pearl millet-cowpea system was superior to the sor-
ghum-peanut system (LER of 1.50 versus 1.15). 

Table 4. 	 Influence of previous crop on grain and 
stover yield of sorghum and pearl millet in 
1991. 

Previous crop 

Sorghum 
Sorghum-Peanut Intercrop 
Peanut 


Pearl Millet 

Grain Stover 
Present crop yield yield1

kg ha kg ha' 

Sorghum 1393a 3138a 

Sorghum 1%lb 4887b 
Sorghum 2435c 6865c 

rStation 
Pearl Millet 1131a 3657a 

Pearl Millet-Cowpea Intercrop Pearl Millet 1144a 3175a 

Cowlpea Pearl Millet 1350b 4422b 
Means with identical letter have no significant differences among than at 
P <0.0S.Mean sepaations done within each eaperiment. 

Nitrogen Use Efficiency in Sorghum 

Experiments continued to determine the effect of nitro
gen management on sorghum grown under different rainfall 
and soil conditions in Mali. A local genotype was compared 
to an improved type at each location in the test. The expeti
ment was modified to use the Bema Station site which is 
characterized as a sandy soil area with rainfall of 350-400 
mm. At the drier Bema site, there was no response to applied 
N in terms of grain or stover yields, although there was a 
tendency for the improved genotype to respond to N for 
stover production. The results were not surprising since the 
rainfall was low, and a severe post flowering drought oc
curred. There was a significant grain and stover yield re
s"onse to applied N at the Samanko location which had 

- better soils 	and higher rainfall. The improved genotype 
produced nearly double that of the local type, and responded 
to applied N at higher rates. 

A new experiment was initiated at N'Tarla and Sotuba to 
compare local and improved sorghums for response to ap
plied N. The sites have different soil characteristics and the 
N'Tarla site generally receives about 200 mm less precipi
tation per season than the Sotuba site. 

In this experiment, all genotypes responded well to N 
application. At Sotuba, the maximum yields were obtained 
at the 120 kg ha-1 rate while at N'Tarla, the yield response 
was linear through 160 kg ha-1 .Th-, local types outyielded 
the improved types because the poor seed quality of the 
improved types caused very poor sands. Yield stability 
from improved sorghums will occur most rapidly if seed 
quality and disease resistance is incorporated. Thus, head 
bugs/mold damage of improved sorghums affects sub
sequent stand establishment and grain yields as well as grain 
quality. 

In Mr. A. Coulibaly's studies of sorghum growth rates 
and tiliering, tiller number per plant was linearly related to 
growth rate during the first growth stage as determined 
under controlled temperature and light conditions for a 
numberofgenotypesatarangeofplantdensities.Genotypic 
differences were found for growth rate per tiller and re
sponse to temperature. Use of these results in model systems 
greatly overestimated field tillering response. 

Institution Building 

INTSORMIL has built and equipped a physiology agron

omy laboratory at the Cinzana Agricultural Experiment 
to provide support for the expanded activities in 

agronomic and drought research being conducted by IER 

scientists. A new vehicle was purchased for cooperative 
programs in cropping systems and other activities con

ducted at Cinzana. Support to purchase supplies, labor and 
equipment for sorghum and millet breeding, entomology, 

pathology and grain quality enhanced the ability of IER to 
expedite those research programs. 
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Several students are training at INTSORMIL institutions. 
Mr. M. Doumbia, Soil Fertility, has nearly completed his
Ph.D. thesis on the soil toxicity problem at Cinzana. This 
work is funded jointly by TROPSOILS and INTSORMIL. 

Dr. A. Tourd, Ph.D. in sorghum breeding at Texas A&M 
returned to Mali in May 1992, where he is a sorghum breeder 
and Malian INTSORMIL Coordinator !ocated at Sotuba. 
Mr. Abdoul W. Tour6 completed his M.S. in agronomy at
the University of Nebraska and returned to Mali in April
1992. Mr. 0. Coulibaly continued studies for a Ph.D. in 
agricultural economics with Dr. J. Sanders at Purdue and 
will be conducting field research in Mali in 1993. 

Mr. Adama Coulibaly completed his M.S. in agronomy 
at Kansas State University and returned to iali. Mr. Sidi B. 
Coulibaly and Mr. S. Diond finished M.S. degrees at the
University of Nebraska and returned to Mali. Mr. S.B. 
Coulibaly is located at the Cinzana Research Station work-
ing on high temperature stress and soil-water relationships. 
Mr. S.Dion6 is chief of the seed laboratory at Sotuba. 

Networking 

The research accomplishments in Mali are immediately
and directly transferable to most countries in West Africa. 
The work on sorghum and millet food technology applies to 
Africa and many areas of the world. Head bug and drought
research are common to West African areas. CIRAD has a 
research project funded by the EEC in the Food Technology 
Laboratory on grain quality. The effective working relation
ship between the Food Technology Laboratory and the 
Malian breeding and agronomic programs continues to pro-
vide useful information, 

Dr. M. Traor6 and Dr 0. Niangado serve as Chairmen of 
the Steering Committee of the West and Central African 
sorghum and millet iesearch networks, respectively. 

Progress to develop an effective network ofsorghum and
millet scientists in West Africa continues. A key element is 

the leadership, spirit, and enthusiasm for collaboration 

shown by returning scientists trained in INTSORMIL insti-

tutions. These scientists have seen the benefits reaped by

U.S. scientists through association/interaction in the sor-
ghum improvement committee of North America. 

SAFGRAD has been very instrumental in promoting strong

interactions among regional sorghum/millet workers which 

has been critically important. 


Collaboration with the ICRISAT West African sorghum 
improvement program for Africa (ICRISAT/WASIP), lo
cated at Samako, on insects, disease, and quality has been 
excellent. For example, the IER Food Technology Labora
tory annually evaluates WASIP samples for dehulling and 
tO quality. Excellent coopcre.ive research on the relation-
ship of head bugs and grain quality has been conducted, 

Training 

Thesis and dissertations completed during 1991-92 were: 

Coulibaly, Adama. May 1992. Relationship between
growth rate and tiller number in sorghum. M.S. Thesis,
Kansas State University, Manhattan, KS. (advisor - R. Van
derlip). 

Coulibaly, Sidi Bekaye. August 1991. Physiological
characteristics of dijught resistant sorghums. M.S. Thesis, 
University of Nebraska, Lincoln (advisor, C.Y. Sullivan). 

Dion6, S',ba. October 1991. Influences of abscisic acid 
on sorghum growth and stress resistance. M.S. Thesis, Uni
versity cf Ncbraska, Lincoln (advisor, C.Y. Sullivan). 

Tour6, Aboubacar. May 1992. Heterosis, combiiiing
ability and breeding potential st dies for grain yield and 
yield components in guipra sorghums (sorghum bicolor L. 
Moench). Ph.D. Tcsis, Texas A&M University, College 
Station, TX. (advisors D.T. Roscnow and F.R. Miller). 

Tour6, Abdoul W. May 1992. Effect of rate on time of
application on pearl millet response to nitrogen. M.S. The
sis, University of Nebraska, Lincoln (advisor 1. Maran
ville). 

Mr. Abdoulaye Tra.-r6 initiated studies for a Ph.D. in 
agronomy in June 1992 at University of Nebraska, Lincoln. 

Dr. A. Tour6 spent two months at Lubbock, Texas work
ing with Dr. Rosenow's breeding program with visits to 
several commercial hybrid seed company research pro
grams. INTSORMIL research on Striga screening and
breeding at Purdue was evaluated and plans made to initiate 
additional research in Mali to obtain Strigaresistance. 

Travel 

INTSORMIL travelers to Mali, included. Drs. L.W. 
Rooney, food scientist (twice), Dr. D.T. Rosenow, sorghum
breeder, G. Teetes, entomologist, and R.A. Frederiksen,
pathologist from Texas A&M University; Drs. C. Sullivan, 
physiologist, J. Maranville, agronomist, and S. Mason,
agronomist from ihe University of Nebraska. Mr. William 
Stegmeier, millet breeder, Kansas State traveled to Mali to 
review and plan pearl millet breeding rese':rch.Dr. M. 
Traor6, physiologist, participated in the International Crops
Symposium at Ames, Iowa and interacted with INTSOR-
MIL Pi's at the University of Nebraska in Lincoln. 

Research Accomplishments 

INTSORMIL has been in Mali informally since Novem
ber of 1979. A formal Memorandum of Understanding was 
signed with IER in 1984. The program has interacted with 
ICRISAT-WASIP, TROPSOILS, IER and Ciba-Geigy. 
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Table 5. Malian scientists trained by INTSORMIL PI's 
Name 	 Year graduated Degree sought Discipline 

Moussa Dossolo Traort 85 	 PhD Physiology 

Sidi Bekaye Coulibaly 91 	 MS Physiology 
Physiology 

Abdoul W. Tourt 	 92 MS Agronomy 
Siriba Diond 	 91 MS 

Adama Coulibaly 92 MS Agronomy
 

Osman Coulibaly * PhD AgriEconomics
 

Karim Traort 90 MS Millet Breeding
 

Minamba Bagayoko 	 90 MS Agronomy 

Aboubacar Touit 	 92 PhD Sorghum Breeding 

Abdoul A. Sow * 	 PhD Soils 

* PhD Soil Fertility
 

Assa Kanti 87 MS Food Technology
 
Mamadou Dumbia 

88 	 MS PathologyMamourou Diourti 
Aixtoulaye Traor* PhD Agronomy 

0 - vifrmtly studying, MS completed inSoil Fertility,supported byTropSoils. 

USAID-Mali has supported the program morally and finan- e Seven improved sorghum lines from the Malian 
cially over the years. Some accomplishments are: program have been released. 

* These Malisor lines (84-1 to 84-7) have different 
Training maturities and characteristics for the various re

gions of Mali. 
INTSORMIL has provided graduate training for 14 key o Malisor 84-7 has shown some advantages in multi-

Malian scientists (Table 5). pie cropping systems. 
o Malisor 84-7 has excellent tolerance to head bugs 

Short term training in the USA for Malian PI's in physi- which can be genetically transferred to its progeny. 
ology, breeding, soil fertility, food technology and entomol-

CSM 388 and CSM-219, improved local photosensitiveogy 
Malian sorghum cultivars, are grown by farmers on a sig-

Infrastructure 	 nificant area. 

* 	Designed and equipped food technology labora- Utilization
 
tory at Sotuba
 

" 	Built and equipped physiology laboratory at Cin- e Sorghum and millet postharvcst technology sys
zana tems in Mali were documented in 1979 and sub

* 	Provided computers/word processors for DIAL- sequent years. 
COM and laboratories & Strategies for evaluating the quality of cereals, es

* 	Short-term technical assistance on soil fertil- pecially sorghum, for thick porridge (t6) were de
ity/agronomy, entomology, pathology, physiol- vised. 
ogy, food technology * Equipment for the new Food Technology Labora

* 	Physical and chemical analysis of soil profiles of tory was provided. 
Cinzana station e Personnel were given short term training pro

* 	Established and installed sprinkler systems to initi- grams in the U.S. 
ate screening procedures for drought tolerance at * Mini tests for evaluating milling and t6 properties 
Cinzana. were developed. 

e Sorghum dehulling properties were defined by 
GermplasmEnhancement combined village trials and laboratory research in 

Mali. 
• 	 Elite sorghums from all over the world have been a Sorghums with hard endosperm and thick pericarp 

incorporated into Malian beeding programs. were definitely required for efficient traditional 
" Testing in Texas and Mali has demonstrated the hand pounding. 

drought response in Mali i similar to that in West e Pearl millet quality is affected most by variation 
Texas. in kernel size and shape which significantly af

* 	Elite U.S. pearl millet lines crossed to Malian fects dehulling pioperties.
 
pearl millets have been introduced into Mali.
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" Pearl millets with long, thin kernels (souna types), Publications
 
have drastically reduced yields of decorticated
 
grain. Clark, R.B., G.N. AI-Karaki, and C.Y. Sullivan. 1991. Genotypic responses

" TO quality of millet cultivars does not vary as insorghum to drought stress and phosphorus nutrition. p. 124,Agron.
Abstracts, Am. Soc. Agron., Madison, WI.much as it does among sorghums. Toud, A., F.R. Miller, L.W. Rooney, and C. McDonough. 1991. Grain 

* 	 The combination ofcowpea and millet flour (1:3) filling rates in some genotypes of sorghum (Somhum bicolor (L.) 
significantly improved the nutriti )nal status of Moench). International Sorghum/Millet Conference. Corpus Christi, 

TexasJuly 8-12.young children. Toud, A., F.R. Miller. and L.W. Rooney. 1991. Grain filling rates among 
" This technology has been transferred to villages, different genotypes of Sorghum bicolor (L.) Moench. Proceedings of 

17th Biennial Grain Sorghum Research and Utilization Conference.especially in the Cinzana area 	 Lubbock, Texas. 

Bagayoko, M., S.C. Mason and RJ. Sabata. 1992. Effects of previous
Plant Protection cropping systems on soil nitrogen and grain sorghum yield. Agron. J. 

84:862-868. 

" 	The adverse effect of head bugs on the grain/food
 
quality of introduced sorghums across West Af
rica was first recognized and documented in Mali.
 

* 	 Head bugs and molds combine to cause devastat
ing losses in grain yield and quality of most intro
duced types.


" 	Inheritance of head bug resistance is quantitative 
and primarily recessive.
 

" Head bug damage reduces sorghum milling yields.
 
" The damaged grain is difficult to dehull because
 

the endosperm ispartially degraded and the kernel
 
disintegrates when pounded.
 

o 	The t6 has unacceptable texture, color and keeping
 
properties.
 

" Parboiling can convert sorghum and millet into ac
ceptable shelf-stable products.


" Parboiling improves dehulling yields, especially
 
for soft grains.
 

" The cooked mi'led products can be eaten like rice.
 
i Good quality sorghum (white, without stained ker

nels) is required to produce good quality shelf-sta
ble food products.
 
Ti'- development of photosensitive sorghums with
 
tan plant and straw color glumes is required to pro
duce high-quality, value-added products.
 

Agronomy/Physiology 

i 	 A method of screening large numbers of sorghum
 
and millet lines for early generation selection for
 
seedling stage drought resistance using a charcoal
 
pit has been adapted and is used.
 

* 	Factors affecting the "soil toxicity problems" in
 
Mali partially determined through joint INTSO-

MIL/ROPSOILS collaboration.
 

i 	 Soi re Durra varieties from Niger and northern
 
Mal show tolerance to soil toxicity.


i 	 A soil crust breaker designed at ICRISAT has ef
fectively enhanced the stand establishment of sor
ghum and millet. Millet and sorghum genotypes
 
vary in ability to emerge through soil crusts.
 

* 	The poor seedling emergence of improved sor
ghums is caused by inferior seed quality caused
 
by headbugs/molds.
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Niger 

J. D. Axtell
 
Purdue University
 

Coordinators 

Dr. Mamadou Ouattara, Director General, INRAN 
Dr. Ouendeba Botorou, INTSORMIL/INRAN, Host Country Coordinator, INRAN B.P. 429 - Niamey, Niger 
Dr. John D. Axtell (U. S.Coordinator), Department of Agronomy, Purdue University, West Lafayette, IN 
Mrs. Katy G. Ibrahim, Administrative Assistant, Purdue University, West Lafayette, IN 

Collaborative program 

Organization 

There are several interdisciplinary activities involved in 
the INTSORMIL/INRAN/Niger Collaborative Research 
Program. They include Sorghum and Millet breeding, 
agronomy, pathology, physiology, food quality and eco
nomics. 

The INRAN Director General, and INRAN scientists are 
in agreement that more of the collaborative research support 
will go directly to INRAN scientists with collaborative ties 
to U.S. based INTSORMIL principal investigators. This 
proposal, involving INTSORMIL, INRAN, and 
USAID/Niamey, has been negotiated for 1993. 

Collaboration with Other Organizations 

Institut National des Recherches Agronomiques 
du Niger (INRAN) 

TROPSOILS 
ICRISAT Sahelian Center 
Agricultural Research Corporation (ARC), Sudan 
University of Nebraska 
Texas A&M University 
Mississippi Stat . University 
Purdue University 

Developing Collaborative Research Plans 

U.S. INTSORMIL principal investigators develop re-
search plans and budget with INRAN collaborators on an 
annual basis. Each plan is then translated into French and 
submitted to the INRAN Director General for his approval, 
INRAN has appointed Dr. Ouer.leba Botorou as hosz coun-
try coordinator for this project. Dr. Moussa Adamou has 
been nominated as scientific director for INRAN. 

Sorghum Breeding 

* Breeding Sorghum Cultivars Possessing 
Good Resistance to Drought, Striga, 

and Acceptable Grain Quality 

I. Kapran, G. Ejeta, and J. Axtell 

The overall objective of this joint project is to select high 
yielding stress tolerant sorghum varieties/hybrids with good 
grain quality for use in Niger. Our efforts in 1992 were 
concerned with the following four trials. 

In general, the 1992 crop season was characterized by late 
coming and erratic rains, and a serious midge infestation; as 
for the past few years we noticed that late planted materials 
suffered the most. 

Trial I- A Yield Trial of Advanced Selected Progenies 
from Pazlue: Trial 1was planted at Maradi on July 9, on a 
sandy soil like all our trials at this location. There were 126 
test entries selected on the basis of productivity and resis
tance to stress, contr'buted by Dr. G. Ejeta; to these we 
added four checks including varieties Mota Galmi (earli
ness), Mota Maradi (earliness and local adaptation), SE
PON-82 (productivity) and NAD-I FI (productivity). The 
trial had four replications, each made of two ranges, and the 
checks were planted after every 20 test entries and at the 
beginning and the end of each range. After emergence, vigor 
scores were given and many entries were at least as vigorous 
as the checks. Unfortunately the trial suffered from a com
bination of soil problems and panicle insect damage. The 
soil problem was observed as a general yellowing of all 
sorghums in the field, five to six weeks after planting, and 
caused a severe reduction in plant growth as observed later 
on the checks. A poor seed set characteristic of midge attack 
was observed and percent grain loss was assessed for all 
plots. 

Trial 2 - A Striga Resistance Trial from Purdue: Trial 2 
was planted on July 12 at Konni under natural Striga infes
tation. There were 20 entries including SRN-39 and many 
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of its derivatives. The trial had four replications and three 
row-plots; Striga plants were counted on each side of the 
middle row, twice during the crop season. Strigaappeared 
in the trial and was counted but, in general, there were less 
Strigaplants in this trial than in neighboring "regular" yield 
trials, our assumption being that resistance was expressed. 
Agronomii; and yield data were also recorded. As in other 
sorghum and maize trials on this station, a vascular disease 
was noted on some entries of this Strigatrial. It appeared ac 
areddeningofthe stalkand leaf blade vessels aiid ultimatk., 
lead to plant death. This disease was the subject among 
others of a trip to Konni by the INTSORMIL pathologist Dr. 
R. Frederiksen, together with the INRAN pathologist, Is-
soufou Kolo, and breeder, I. Kapran. In addition to the 
vascular disease, the two pathologists noted the presence of 
foliar diseases on some of the entries of this trial. Overall, 
we concluded from this trial that SRN-39 continues to 
confirm its unique Strigaresistance and has passed it on to 
a good number of its progenies. Resistance to weathering 
and improved grain yield should, howevcr, remain on focus. 

There is a common rationale behind Trials 3 and 4: over 
the past four years, the INRAN sorghum breeders noticed 
that head bug and midge cause more serious damage to 
sorghum than it appears, and that improved materials were 
usually more susceptible than locals even though their yield 
potential was higher. Upon request, we obtained from INT-
SORMIITFAMU the materials tested there for their poten-
tial tolerance of the two insect pests. After seed increase in 
Niger in 1991, we decided to put them ina group of trials in 
collaboration with the INRAN sorghum entomologist, Mr. 
Kadi Kadi. The goal is to identify the best in each case and 
use them in various intercrosses at a late r period. The 
entomologist conducted his tests at Maradi, Konni, and 
Bengou, with two to three planting dates for each trial at 
each location and the breeder made his observations in these 
trials. The breeder had the two tials planted at Maradi for 
the gatherii.g of agronomic data and the entomologist had 
access to those. 

Trial 3 - A Head Bug Resistance Collection Using Lines 
Provided by Texas A&M: This trial was planted with two 
replications at Maradi on July 14 and contaired 20 entries, 
including 18 from TAMU, and two checks (MOTA MA-
RADI and NAD-1). Most of the entries had poor seed set 
due to midge attack. Afew were noticed that had clan white 
seed, comparable to that of MALISOR 84 -7 or DORADO 
(also included in the test and parental sources for many 
entries); in addition, some had a relatively good seed set 
indicating they were probably enough early maturing to 
escape midge damage. 

Trial 4 - A Midge Resistance Collection Using Lines 
Provided by Texas A&M and ICRISAT: Equally planted on 
July 14 at Maradi, this trial contained 31 entries in two 
replications. Twenty-five entries were from INTSOR-
MIL/TAMU, four from ICRISAT/WASIP (Kano, Nigeria) 
and two were checks (MOTA MARADI, SEPON-82). The 
ICRISAT entries were not received in time, so were not 

included in the entomologist's trials at Konni and Bengou; 
however, they had a perfect seed set inthis trial and showed 
good agronomic traits including earliness, medium height, 
good panicle size and creamy white grain. Most of the 
entries from 1NTSORMIL/TAMU at least escaped midge 
attack, but most are agronomically poor. Except for TX623, 
TX430 and M8108, their seed set varied from 70% to 100%, 
whereas, our checks kid low seed sets of about 10% (SE
PON-82) and 30% (MOTA MARADI); however, this visual 
quick estimate was obtained from only one replication for 
all the entries, and we noticed that MOTA MARADI had 
about 90% seed set in the other replication. We also noticed 
that the entries in this trial had by far the best seed set 
compared to any material planted at any other time in the 
field. The :ntomologist has obtained numerous data from all 
the trials and will be able to help, but these results are very 
encouraging for a first time and suggest solutions may be 
envisioned for the midge problem. 

Another activity, that required INTSORMIL's collabo
ration, was a relatively large scale hybrid seed production 
experiment. Rather than an actual yield trial, this was the 
logical step after the successful performance of an improved 
breeding material developed through the joining efforts of 
INRAN and INTSORMIL sorghum research groups. NAD
1 (INRAN's designation for TX623A xMR-732) was the 
best adapted, best yielding hybrid that came out of two 
theses' research conducted in 1986 in Niger, by siudents 
working under Drs. Ejeta and Axtell. NAD-1 has showed 
similar performance since then in INRAN's yield trials and 
even intie West African Sorghum Hybrid Adaptation Trial 
(WASHAT). NAD-I has been the farmers' first choice in 
all INRAN demonstration plots since 1989 and, especially, 
in 1992 when this activity expancied. NAD-1 received good
acceptation by rural people in tuwo food preparation and 
taste panels across four sorghum producing areas of Niger. 
The INRAN breeders have successfully demonstrated that 
seed production of this hybrid isfeasible in Niger inisolated 
fields in a commercial manner; depending on the soil qual
ity, the equivalent of up to 1500 kg/ha of hybrid seed has 
been obtained inexperimental plots. Becaus,- of all this, the 
INRAN sorghum breeding project's immediate goal is to 
increase the number of demonstration plots so, eventually, 
NAD-I will be grown in large areas of Niger, especially on 
irrigation perimeters where farmers pay rent to the govern
ment and have access to irrigation water in case of late 
season drought. NAD- 1 has shown good tolerance of pre
flowering drought as it happened in 1990 at Maradi. The 
hybrid seed production activity in B92 required larger 
anounts of female seed which was proided by INTSOR-
MIL. During the rainy season we had one isolated field at 
the Maradi station and one at the Lossa seed production 
center managed by the National Seed Service. Two experi
mcntal off-season field: will be planted with irrigation at 
Konni and Maradi this wirter, to obtain more hybrid seed 
and check on the feasibility of off-sca!,on seed production. 
It should be obvious that the input of INTSORMIL will 
continue to be needed, not only because itparticipated from 
the starting point of this activity, but also because technical 
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help from experienced researchers is required especially oji 
how to maximize seed production and methods of commu
nication. As a technical background, we know that the 
female parent (TX623A) is very susceptible to long smut 
and this certainly reduces seed set. Crop homogeneity and 
productivity may also be affected in fields of the hybrid 
because of fertile plants observed in the female rows. The 
relative earliness (2-3 days in the flowering) of the female 
parent over the male parent (MR-732) could reduce fertili-
zation, although we have not quantified this in a significant 
man.er. In our search for a better seed production in 1992 
at Maradi, we increased the planting ratio from 2R:4A to 
2R:6A and thinned to two plants per hill in the female row. 
This was based on our knowledge that the male parent is a 
very good pollen provider. Unfortunately, our hybrid seed 
production was reduced to the equivalent of 865 kg/ha, 
which could result from the influence of many factors, 
including soil quality and the already mentioned long smut 
problem. The field planted on July 7 did not suffer from 
midge attack. 

General Comments 

The INRAN sorghum breeding project has made a sig-
nificant progress in its own organization and in the results 
obtained over the years. INTSORMIL is recognized within 
INRAN as a great contributor to all of that success. Among 
other things, INTSORMIL researchers Iive piovided pro-
fessional assistance in the field and in academic training to 
many INRAN workers. The improved sorghum varieties 
SRN-39, NAD-I (in pre-extension) and SEPON-82 
(adopted by a large number of farmers) are clear examples 
of what this collaboration has yielded to farmers in Niger. 
This needs to be continued and strengthened. Our breeding 
project is still a young one, like INRAN itself, so experi-
enced advice will be needed for a long time. Better and more 
adapted brteding metnods and procedures can be learned 
from INTSORMIL collaborators' field visits to our nurser-
ies. Genetic materials, with overall adaptation, are still 
needed and may come from the kind of productive exchange 
we have had thus far. Presently, therm is a good number of 
improved lines which need furtier tests and improvement 
for traits like stand establishment, lodging resistance, or 
resistance to Striga. With crucial needs in these areas and 
the only sorghum breeder absent for Ph.D. training, INT-
SORMIL as the top collaborator, should bridge the gap and 
tighten its support. The best that could be done is to station 
an INTSORMIL breeder in Niger, at least during dhe crop 
season, or have one make regular trips at harvest to insure 
that the breeding material is advanied. 

Millet Breeding 

* Diversity, Combining Ability and 
Heterotic Patterns among African
 

Pearl Millet Landraces
 

0. Botorou, G. Ejeta, W. Hanna and A. Kumar
 

Collaborative INRAN/INTSORMIL program for 1992 
preliminary report of the millet breeding project 

I. Genetic study of Millet varieties 

1.Evaluation of crosses between 2 varieties Ex-Bornou 
(Nigeria) and P3 Kolo (Niger) 
- number of entries: Ex-Bornou x P3 Kolo = 124 

P3Kolo x Ex-Bornou = 120 
-planting was done on 6m rows 
- spacing lm xlm 
-planting date- 5 June 92 at N'Dounga (Kollo) 

2.Activities
 
- first weeding: 22 June 92
 
- thinning and first urea application (50 kg/ha):
 

23 June 92
 
- second weeding: 15 July 92
 
- days to half bloom
 
- Ex-Bornou x P3 Kollo:65 days = 95 entries/124 

85 days = 27 entries/124 
- P3 Kollo x Ex-BomoL 65 days = 94 entries/120 

85 days= 26entries/120 
- Phytosanitary sprays against Jy,;dercns were done 

at heading period: three sprays with Lindane and 
Dimethoate EC (I litre/ha) 

- Bird chasing 

3.Constraints noted during the crop season 
- sandy winds covering young seedlings following 

the rains
 
-dysdercus damage at heading
 
- bird damage
 
- head girdler worm damage at maturity
 

4. Results
 
- Number of entries selected:
 

* Ex-Bornou x P3 Kollo: 28 
* P3 Kollo x Ex-Brnou: 19 

These entries will be used to make composites. 

5. Remarks 
- In general all entries from both crosses reached 

final maturity about the 25 August 1992. 

I!. Diallel Crosses 

CIVT, ZATIB, GR-P1, IIKB-PI = Niger
 
Mansori = Sudan
 
Ex-Bomou = Nigeria
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1.Evaluation of the cr'sing plots 
- plots measured 40 mx6m=240m ; 6 plots= 1440m 2 

- planting date: 7 June 92 at Goungobon 
-spacing: lm x lm 

2. Activities 
- first weeding: 5 July 92 
- thinning and first urea application: 25 June 92 
- second urea application: 5 July 92 
- second weeding 20 July 92 
- crossing began early in August (06-08-92) and 

ended on August 17 
- tee phytosanitary sprays with Lindane and 

Dimethoate EC (1liter/ha) were done against 
dysdercus at heading. 

3. Results 

Crosses made: 

-HKB-P1 x CIVT 

- HKB-P1 x Mansori 

- Mansori x HKB-PI
 
- Mansori x GR-P1
 
- Mansori x CIVT 

- CIVT x Mansori
 
- CIVT x ZATIB 

- GR-Plx Mansori 

- Ex-Bornou x GR-PI 
-CIVT x GR-P1 
-CIVT x X (34) [mixed pollen from the 6 varieties] 

Unsuccessful crosses 
- CIVT x Ex-Bornou 
- Ex-Bornou x HKB-PI 
-Ex-Bornou x CIVT 
- ZATIB x Ex-Bomou 
- ZATIB x GR-P1 
- ZATIB x HKB-PI 
- Ex-Bornou x ZATIB 
-Mansori x ZATIB 
- HKB-PI x ZATIB, will be made during the 

offseason of 1993. 

III. Field Isolations 

Plots were planted in the Kollo valley soil where sorghum
and maize are produced. The strategy is to use sorghum
plants as natural barriers and to be able to irrigate in the event 
of late season drought. Plots were planted at different peri
ods and scattered between sorghum/maize trials and seed 
increase plots. 

- Planting dates:
*Ex-Bomou x Mansori: 09-07-92 
*Mansori x Ex-Bornou: 09-07-92 

-spacing: Im x lm 
- first weeding 22/7/92 
- thinning and first urea application (50 kg/ha:6-8-92) 
- second weeding and second area app!.catiun 

(50 kg/ha/: 27-08-92) 

Results 
This first cycle produced the following amount of 
seed: 
- Ex-Domou x Mansori: 31.8 kg 
- Mansori - Ex-Bornou: 18.0 kg 

IV. Collection trips of late maturing millet varieties 

The objective is to add genetic variabiiity to the existing
material: trips were organized in the southern point of the 
Dosso and Tillabery departments to obtain late maturing 
millet varieties grown there, especially in the regions of 
Boboye, Dosso, and Gaya where 35 samples were obtained. 
In the department of Tillabery, 18 samples were obtained in 
the regions of Kollo and Say. 

A genetic study of these late millets will start in 1993 at 
the Bengou and Tara stations, with the hope of obtaining an 
improved genetic material that suits the climatic conditions 
of the zone. 

* Cereal Quality 

M. Oumarou, A. Aboubacar, I. Kapran, 
B. Hamaker and J. Axtell 

New projects were initiated in 1992 on utilization of 
millet and sorghum in Niger. A study was begun to identify
the grain attributes and consumer preferences related to 
millet and sorghum based couiscous. The long range objec
tive of this project is to produce a commercialized millet or 
sorghum couscous product that could compete with im
ported wheat couscous in urban areas. The emphasis will be 
on small scale couscous processing operations in semirural 
areas which could market their product to nearby urban 
centers. A second project was planned on composite flours 
using the new good food quality, high yielding sorghum
varieties developed from the INRAN/INTSORMIL breed
ing program. This is projected to be a short term project 
where the best varieties and optimal concentrations are 
determined and demonstrations of bread, made from 203 
composite flours, are made to processors and government 
officials. 

* Plant Pathology 

Issoufou Kollo and Richard Frederiksen 

Long Smut 

Screening 

In 1992 only 35 entries were screened at our Kollo 
nursery. The entries originated from ICRISAT, Kano and 
India. Only three entries received good scores and they are 
included in the off season nursery. 
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Genetic study ofresistance to long smut 

During the 1992 crop season we made several crosses 
[resistant x resistant (R) x susceptible (S); S x R; S x S]. 
Eight crosses were actually successful. F2 seed will be 
produced during the off season and the screening will take 
place during the next crop season. 

Effect of planting date 

This was the last year for the study. Results are being 
analyzed. 

CharcoalRot (Macrophominaphaseolina) 

During the crop season we studied the physiological 
specialization of M. phaseolina,using three sorghum and 
three millet varieties together with a cowpea check variety. 
The experiment was conducted on a heavily infected soil. 

Some of the plants were inoculated, others were not. In 
general, only inoculated sorghum and millet plants showed 
some symptoms of charcoal rot after maturity while all 
cowpea plants were killed. We later found nematodes on 

cowpea roots, which may explain their rapid death. 

Striga 

The experiment about the influence of soil fertility .n 
millet Strigaemergence was conducted at Kollo. The data 
is getting ready for statistical analysis. 

Sooty Stripe(Ramulisporasorgh:.) 

A field survey was conducted to assess the importance of 
sooty stripe on sorghum. This widespread search in the 

country shows that sooty stripe is not a constraint for sor
ghum in Niger. 

We were able to isolate in vitro the two strains of R. 
sorghi. 

Niger Pathology Report 

R. Frederiksen and I. Kollo 

Considerable progress has been made in both the inocu
lation of sorghum with the long smut pathogen and on being 
able to store the fungus from season to season. Inoculation 
with cultures of sporidia produced high levels of the disease, 
whereas inoculation with teliospore cultures wis ineffec-
tive. While these inoculation treatments differ from the 
observations made in Sudan, they support the concept th.t 
infection can be made from cultured isolates of the patlogen 
and that infection takes place in the boot prior to emergence. 
Mr. Kollo also observed that injury to the plant reduced the 
level of infection. Other studies on the long smut organism 
indicated that it survived for nearly two years wb',n stored 
under dry conditions in a desiccator. Control spores lasted 

only about a year when stored under more natural condi
tions. 

Acremonium wilt, oval leaf spot, char-,oal rot, and head 
smut are other diseases of importance to sorghum in Niger. 
Thesediseases were allsevere at theKonni Research Station 
in 1992, suggesting that this facility will make another 
excellent sorghum disease screening nursery. 

Preliminary trials with Apron Plus®indicated that it will 

be important to continue the evaluation of this product 
where every sttnd establishment and downy mildew is a 
problem in pearl millet. Data from trials in Mali have shown 
a 20% or greater improvement in yield. 

* Economics Program in Niger 

B.I. Shapiro, J.H. Sanders, K.C. Reddy, 
0. Coulibaly and T.G. Baker 

This pas. year the Economics program continued pub
lishing results on new technology introduction into Niger. 
The impact of new early cultivars ofmillet and cowpeas was 
evaluated. This research evaluated in which regions and 
under which policy or technical condition changes, chemi
cal fertilizer would be utilized. 

Implications for research management and public policy 
were drawn (Shapiro et al., 1992a, 1992b; Shapiro and 
Sanders, 1992). 

* INRAN/INTSORMIL Collaborative Research 
Program Production Systems- 1992 Activity Report 

T. Abdoulaye, M. Abdoulaye 
and J. Lowenberg-DeBoer 

A study concerning the use of sorghum byproducts was 
started in the 1992 rainy season. The general objective of 
this study was to determine the role of byproducts (forage, 
bran, etc.) in sorghum production decisions in the Birni 
N'Konni region. This study will provide information con

ceming the varieties grown in the area and the reasons, other 
than grain yield, that explain the choice of these varieties. 

The specific objectives of the study are to determine: 

1) the proportion of sorghum production income 
from byproducts, 

2) the principal uses of the byproducts, and 
3) the byproduct characteristics of the varieties 

grown. 

The study is being conducted in the villages of Dagarka 
and Kaku in the Bimi N'Konni arrondissement. Eleven 
farmers are participating in Dagarka and 12 in Kaku, for a 
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total of23 participants. All farmers are sorghum producers 
and all are volunteers. 

Seventy-six sorghum fields are being followed. Both 
pure crop and intercropped sorghum fields are included. The 
distribution by cropping system is: 

Millet/Sorghum/Cowpea 64.5% 
Monocrop Sorghum 13.0% 
Sorghum/Cowpea 12.0% 
Milet/Sorghum 10.5% 

In the sample, sorghum is most frequently grown inter
cropped with millet and cowpea. In this intercrop, the den
sity of millet and sorghum is much greater than that of 
cowpea. The planting density of the millet and sorghum
intercrop depends on the soil type, but in general, there is 
one row of sorghum for each row of millet. The sorghum
and cowpea intercrop is similar to the commonly grown
millet/cowpea intercrop in that the cereal component (sor
ghum) is planted first and at a density much greater than that 
of the cowpea. 

The following are the sorghum varieties found in the 
sample: 

Matcha da Kumia (MDK) 50 fields
 
El Zahi 
 15 fields
 
El Ceidawa 
 6 fields
 
Janjard 2 fields
 
Mota Maradi 
 1field
 
El Eka 
 I field
 
Bagofa 1 field
 

All varieties can be considered local, with the exception
of El Eka, which was introduced by ONAHA on the Konni 
perimeter. The variety MDK is the most frequently us(d. It 
has a long cycle. The others are intermediate maturity varie
ties. 

The survey shows that the sorghum stalks are used for
 
animal feed, construction and fuel. The bran is used only for
 
animal feed. The grain and forage yields have been col
lected, but they have not yet been analyzed because some
 
late maturing sorghum fields were harvested only in early
 
December.
 

ltoposal for the 1993 crop season - A second season of 
yield and crop use data will be needed to draw reliable 
conclusions. In addition, there may be some changes of 
byproduct use over time. As a consequence, it is proposed 
to continue the study during the 1993 season. Budgets will 
be estimated. Additional data will be collected on labor time 
need to harvest and process byproducts, with the intention 
of including byproduct activities in the Konni linear pro
gramming model analysis. 
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Senegal
 

D. J. Andrews
 
University of Nbr-aska
 

Country Coordinators 

David J. Andrews, Department of Agronomy, University of Nebraska, Lincoln, NE 
Dr. Demba M'Baye, Plant Pathologist, ISRA, CNRA Bambey 

Institutions Involved 

Institut Senegalais de Recherches Agricoles (ISRA), Dakar, Senegal 
USAID, Dakar, Senegal 
University of Nebraska, Lincoln, Nebraska 
Kansas State University, Manhattan and Hays, Kansas 
Texas A & M University, Lubbock and College Station, Texas 
Michigan State University, East Lansing, Michigan 

Principal Collaborating Scientists 

Dr. Larry Claflin, Pathologist, Kansas State University, Manhattan, KS 
Mr. Adamu Fofana, Pearl Millet Breeder, ISRA 
Dr. Demba M'Baye, Plant Pathologist, ISRA 
Mr. Gilles Trouche, Sorghum Breeder, ISRA/CIRAD 
Mr. Saliou Diangar, Agronomist, ISRA 
Mr. W. M. Stegmeier, Pearl Millet Breeder, Kansas State University, Hays, KS 
Dr. Jay Siebert, Planning Coordinator, MSU, Senegal 
Dr. Darrell Rosenow, Sorghum Breeder, Texas A&M University, Lubbock, TX 
Dr. Fred Miller, Sorghum Breeder, Texas A&M University, College Station, TX 

Collaborative Program 

Support to ISRA in the third year of the collaborative 
program with INTSORMIL, funded by the Senegal Agricul-
tural Research Project 11 from AID/Dakar managed by 
Michigan State University, continued in the areas of dryland 
sorghum and millt breeding, andmillet pathology at CNRA 
Bainbey, irrigatcd sorghum and millet breeding and millet 
agronomy in the Senegal River Valley at Fanaye in the 
summer (July-October) and at Fanaye and Thiago in the dry 
season (sorghum, November-March; millet, February-
May). The supported research forms part of ISRA's total 
sorghum and pearl millet research program, 

Production and Utilization Constraints 

Pearl millet and sorghum production in Senegal suffer 
from the same general farm and market constraints as in 
other west African countries. Pearl millet and sorghum are 
the countries' major food cereals with pearl millet account
ing for about 70%of the total area planted to dryland cereals 
(0.8 to 1.1 million ha). Yields are limited primarily by 
variable rainfall, poor cultivation practices, lowsoil fertility 
and no fertilizer use, diseases and pests (principally downy 
mildew, smut and the pearl millet head worm - Raghuva) 
and poor markets with a narrow range of end-uses. 

Opportunities 

There is a long history of agronomic research in Senegal 
on problems of soil fertility, cultivation, animal traction, 
residue management, fertilizers, pest and diseases and crop 
breeding which form an excellent basis for collaborative 
research. Because of soil degradation due to the increased 
frequency of cropping and removal of all crcp residues, 
research into finding economic solutions to maintaining soil 
productivity are paramount. More stable cereal grain mar
kets are needed for the adoption of technologies such as new 
varieties, fertilizers, rotations, and residue management 
which will increase and stabilize production. Following the 
construction of large dams on the Senegal River, the Gov
emment of Senegal has directed research into evaluating 
irrigated sorghum and pearl millet as alternatives to rice 
monoculture in the new irrigation areas. 

Research Progress 

Plans were jointly developed with ISRA researchers to 
meet two objectives: (1) to evaluate sorghum and pearl 
millet germplasm, both existing and introduced, in the 
Senegal River Valley under irrigated conditions in both the 
summer season and the dry season, and (2) to supplement 
the ongoing dryland sorghum and pearl millet breeding and 
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pathology programs at the central research station (CNRA) 
of ISRA at Bambey. The off-season (winter) nursery at this 
location is also used to generate seed in support of the tests 
in the Senegal River Valley 

Superior varieties, hybrids, and parental lines supplied
from Texas A&M (TAM-121 and 122) and Nebraska 
(UNL-115 and 118) were retained for retesting in 1991-92 
on the Senegal River Valley. Some sorghum seed parents
and selections from segregating populations were retained 
for rainfed conditions. Sorghum genotypes are screened for 
long smut, and pearl millet for ergot and downy mildew, 
Dwarf pearl millet varieties and new hybrids from Nebraska 
(UNL-118) and Kansas State University-Hays (KSU-101) 
were tested in the Senegal River Valley and selections from 
segregating populations retained in 1989 for rainfed condi-
tions were retested. Fertilizer levels and frequency and 
,-mount of irrigation were investigated in agronomic tests 
with pearl millet in the hot, dry season in the Senegal River 
Valley. 

PearlMillet 

Rainfed 

A high natural level ofdowny mildew incidence at Barn-
bey and Nioro in 1991 permitted adequate selection for 
resistance in tests and nurseries. The check cultivar, Souna 
3, averaged 29% incidence. One hundred and sixty eight
selections were made from F3 's involving UNL- 118 parents 
and further F2's were produced. Synthetics can now be made 
from F5 lines retained from the first crosses made in the 
project. In national variety tests in 1991, no new varieties, 
either from Senegal or West Africa, yielded significantly 
more than Souna 3, despite its higher downy mildew inci-
dence. 

Irrigated. 

Three variety tests were conducted in the Senegal River 
Valley at Fanaye (clay soil) during the rainy season, and two 
more tests at Thiago (sandy soil) in the hot part of the dry 
season (planting February). Two agronomy tests were also 
conducted at Thiago. 

At Fanaye in the rainy season the yields averaged 2600 
kg/ha for tall varieties and 3200 kg/ba for the early dwarf 
genotypes, where the best hybrid gave 40% more than the 
best variety. These hybrids matured in 75 days. Stemborers 
and irrigation breakdowns reduced yields. 

Yields ,cre higher in the hot, dry season at Thiago 
averaging 3700 kg/ha in the dwarf genotype test compared 
to 3150 kg/ha in the tall varieties which, however, took 10 
days longer to mature. The highest yielding dwarf entry was 
variety IBMV 8401, but this also flowered 10 days later and 
was taller than the best hybrid, 68A x 086, which took 70 
days to mature and was 1.07 m tall. In 2 yea, i; ts, this 
hybrid and 23DAE x 086, have both given averages of over 

5000 kg/ha (Table 1). Unlike the rainy season, there were 
no pests or diseases. Bird damage was noted to be less of a 
problem on the dwarf genotypes which are more easily 
defended. 

The agronomy tests separately compared fertilizer levels 
and irrigation rates and frequency using an early dwarf 
hybrid, 68A x MLS. Yields without fertilizer were 3300 
kg/ha. With 100kg of 21-21-21 of NPK+ 100kg ureayields 
were increased 47% to 4870 kg/ha, though this difference 
was not significant. The four treatments in the irrigation test 
were based on 100% and 75% of calculated weekly eva
potranspiration needs given once or twice a week. There 
were no significant differences between yields produced by 
these treatments (which averaged 4100 kg/ha) but the high
est yield came from the least frequent irrigation at the lowest 
rate, totalling 526 mm of water for the season (Table 2). 

Conclusions 

PearlMillet 

Rainfed 

Good progress has xen made in introducing new paren
tal genetic diversity into the Senegal breeding program and 
selecting downy mildew resistant derivatives. These will 
form twe basis of new synthetic varieties. 

Irrigate 

The Senegal River Valley project contains several spe
cialized growing environments, one of which, the hot dry 
seasen offers good conditions for cultivating very early
maturing dwarf pearl millet, using moderate fertilizer levels 
and about 500 mm of irrigation. Inthis season rice and maize 

Table 1. Mean yields, plant height, and days to 
stigma emergence of early dwarf pearl mil. 
let hybrids and varieties at Thiago, Senegal, 
in hot summer seasons of 1991 and 1992. 

lfybrid/ Days to Plant Grain
 
variety 50% loom . height (cm) yield (kg/ha)
 
23DAE x 086 45 115 5220
 
68A x086 41 t11 5020
 
PV379A x57028 46 114 4960
 
23DAE x57028 45 117 4870
 
PV263A x57078 44 109 4530
 

CL pop. 46 116 4390

NCD2 51 144 4270 

68A mMLS 42 113 4180
GAM 8201 51 123 4110 

IBMV 84011 51 144 4305 
2068A x89-00831 41 122 4050 
T9ODAE x86771 46 121 3990 

Mean 1991-92 46 117 4837 
Mean 1990-199 I 44 118 3744 
't, r,,n 1990-91 only. 
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Table 2. Effect of rate and frequency of irrigation on 90 days to mrturity). The 1991 rainfall was again low (347 

grain yields (kglha) of the dwarf pearl millet mm at Bambey) and good selection was possiblc both for 

hybrid 68A x MLS at Thiago, February- drought tolerance, foliar diseases, and grain mold. The lines 
provided by INTSORMIL which have contributed the mostApril 1992. 
as parents in crosses with Senegal varieties, as indicated by

Frc.ency of 100% need 75% need 
igafion (693 nun total) (526 mm total) Mean selections retained from F2 to F4, are Dorado, LL34, DR1O, 

Ix week 3818 4683 4250 DR290, 1275-1, 13019, WSV387, N96B, BVG1, BTX631 
2x week 3576 4389 3982 and Segaolane. The most advanced of these selections will 

enter yield tests. One hundred and thirty new lines and 
Mean 3697 4536 SE±482(NS) populations were provided in 1991 including 15 new seed 

parents. Of more immediate impact has been the hybrid 
parents retained from the many sent. Those giving the best 

Table 3. Days to i !ioom, height, and grain yield of the hybrids in test have been N94A, N96A, and ATX631 which 

top five entries and the check in the 1991 with the Senegalese pollinator 75-1 have given yields up to 
70% more ttan the check hybrid, made with the sameBambey dryland sorghum hybrid trial. 

Plant Grain yield pollinator (Table 3). Male parents RTX8505 and M90378 
Hybrid/ Days to 50% 
variety bloom (er) height (cm) kg/a) have also contributed to high yielding hybrids. These hy-

N96A x75-1 53 170 4550 brids have generally been earlier than varieties recom
150 3540 mended for the ,ame region. A test comparing hybrids toN94A xTx43O 55 

varieties showed that under conditions of drought stressATx631 x 2673 67 170 3510 
N96A x 75-2 58 135 2840 hybrids can give up to twice the yield (1360 kg/ha) of the 

CE 310-11A x 75-1 56 145 2650 adapted variety. 

612A x 75-1 (check) 55 150 2630 

Mean (30 entriet) 56 138 2420 Irigated 

As with dryland variety breeding, progress has come 
from crosses with adapted parents. However, introducedTable 4. Days to bloom, height and grain yield of the 
line SDS 3813 has now, over 2years, given about 10%bettertop five entries and the check in the 1991 

Fanave irrigated sorghum hybrid trial, yields than the established variety CE 151-262. The collabo-

Grain yield rative testing program has shown that CE 151-262 is the best
Hybrid/ Days to 50% Plant 
variety bloom (cm) height (cm) (kga) variety for the rainy season and 75-14 (which is also a good 

1287-2A x 1271-2 63 160 5990 male parent for hybrids) is best for the post-rainy season. In 
ATx631 xR8505 62 130 5550 3 years multilocation tests on farmers' fields, CE 151-262 

N737A xM90378 64 185 5260 has given yields of 2.8 to 6.3 t/ha while hybrid 612A x 

ICS35A x 1271-2 58 170 5260 73-208 has averaged 14% more. In the cool dry season, 

N336A xR8505 56 145 4970 yields from variety 75-14 have averaged 3 to 4 t/ha while 
5000 hybrid 612A x 75-14 has given 25% more. Recently INT612A x73-208 (check) 52 160 

Mean (30 entries) 62 148 3790 SORMIL seed parents and restorers have given hybrids with 

substantially higher yields than the existing check hybrids 
above. These are ATX63 1,AVAR, AVG- 1,N96A, N336A, 
N737A, 1287-2A, RTX430,RTX8505,80C2241, 1272-1R,cultivation is not practical due to their higher water demand, 

and maize isalso sensitive to the very high temperatures that and M90378R (Table 4). 

can occur. Three to 4 t/ha of grain have been obtained in 80 
The collaborative project has broadened the useful gedays. Hybrids do not have to be used, as 4 t/ha has been 

dwarf variety, netic variability in the variety breeding programs for theproduced from a slightly later maturing 
IBMV 8401. However, several earlier maturing hybrids, e.g. rainfed and irrigated environments through the introduction 

68A x 086, have produced yields 20% higher than varieties of new hybrid parents. Substantially, better hybrids have 

in previous tests. So far in this hot off-season, no pests or been identified for both rainfed and irrigated conditions. 

diseases have -cu notc,. Birds remain a problem, as they Through the provision of the parental lines, hybrid seed can 
now be made in Senegal.are on rice, but damage is greatly reduced on the short 


statured millets.
 
Research Accomplishments 

Sorghum 
An important objective at the outset of the collaborative 

project was to quantify possible yields from irrigated sor-Rainfed 
ghum and pearl millet in the Senegal River Valley, as 
cropping alternatives to rice monoculture. In sorghum, goodINTSORMIL stocks have been used as parents in gener-
varieties and hybrids have been identified for both theating new diversity, and as hybrid parents inthe ISRA early 

genotype breeding program for central-north Senegal (75 to summer and post-rainy seasons and their yield levels estab
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lished. Varieties can yield 3 to 4 t/ha and hybrids 14-25% 
more. Experimental yields of over 7 I/ha have been obtained. 
In pearl millet, INTSORMIL dwarf varieties and hybrids 
were successful and gave 30% higher yields than tall varie
ties and mature earlier. Yields of 4 t/ha in 80 days were 
demonstrated and expeimental yields of 6 t/ha recorded. 
There isa unique opportunity for pearl millet to be cultivated 
in the Senegal River Valley in that it grows best on light
sandy soils unsuited to rice and at a time (February-April) 
when temperatures are above the optimum for other crops. 

Fertilizer responses and water requirements have been 
determined which, with the cultivar yield information, will 
enable some partial budgeting to be performed to determine 
the economic feasibility of cultivating sorghum and pearl 
millet in the Senegal River Valley. 

Travel 

Dr. Demba M'Baye, pathologist and ISRA coordinator 
for INTSORMIL, visited the USA in July 1991 to partici
pate in the INTSORMIL International Sorghum and Millet 
Conference in Corpus Christi, Texas, and to work in Dr. 
Larry Claflin's laboratory at Kansas State University, Man
hattan. 

Mr. Emmanuel Sene, agronomist, and Gilles Trouche, 
sorghum breeder, visited the USA in September 7-26 to see 
sorghum agronomy and breeding research at the University 
of Nebraska-Lincoln, Kansas State University-Manhattan, 
Texas A&M University-Lubbock, and Pioneer and DeKalb 
research and seed production facilities inTexas. 

Dr. Larry Claflin visited Senegal in August 1991 to work
 
with Dr. Demba M'Baye on disease nurseries and laboratory
 
techniques at CNRA, Bambey.
 

David Andrews visited Senegal in November 1991 to 
participate in a review of ISRA research and discuss results 
and future plans with the breeders. 

Reports 

Fofana, A. Selection Mil. Rapport Analytique 1991. ISRA/CNRA Bambey, 
Avril 1992. pp. 26 

Fofana, A. Selection Mil. Raport contre-saison 1992. ISRA/CNRA Barn
bey, September 1992. pp. 7. 

Diangar, S., and T. Ba. Agronomie Mil. Results des essais agronorniques 
en contre-saison 1992 - Thiago. ISRA/CNRA Bambey, October 1992. 
pp. 13. 

Trouche, (., S.Sail, and 0. Hann. Amelioration varictale du sorgho pluvial.
Rapport Analytique ilivemage, 1991. ISRA/CIRAD Bambey, Avril 
1992 pp. 92. 

Trouche, G., and M. Cissokho. Amelioration varietale due sorgho region
due Fleuve, Senegal. Rapport Analytique Ilivemage, 1991. ISPA/CI. 
RAD Bambey, March, 1992. pp. 23. 

Trouche, G. Synthese de trois annees de recherche sur l'amelioration 
varietale due sorgho. Project SAR iI-ISRA-MSU-USAID, Bambey, 
1992, pp. 12.. 
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South America (Colombia/CIAT) 

Guillermo Mufioz
 
Mississippi State University
 

Coordinators 

Dr. Guillermo Mufloz, In-country Sorghum Breeder, CIAT, Apartado Areo 6713, Call, Colombia 
Dr. Manuel Torregroza, ICA, Director of Cereals, Apartado Adreo 151123, Bogota, Colombia (Host-country 

Coordinator) 
Dr. Lynn Gourley, Department of Agronomy, Mississippi State University, Mississippi State, MS 

Institutions Involved 

Mississippi State University (MSU) 
Instituto Colombiano Agropecuario (ICA) 
Fundaci6n El Alcaravdn 
Federaci6n Nacional de Cuiltivadores de Cereales (FENALCE) 
Centro Internacional de Agricultura Tropical (CIAT) 
Universidad Tecnol6gica de los Llanos (UNILLANOS) 
Universidad Nacional de Palmira 
Universidad del ohlima 
EMBRAPA, Brazil 
IDIAP, Panama 
FONAIAP, Venezuela 
Private sector, including national and multinational seed enterprises 

Collaborative Program 

Memorandum of Understanding 

The collaborative research site in Colombia operates 
under four formal and several informal agreements which 
facilitate the project's involvement in a broad range of 
research activities. In 1981, a Memorandum of Intention 
was signed by the Directors of INTSORMIL, ICRISAT, 
and CIAT. Research started in 1982 through informal coop-
eration between scientists from ICA, EMBRAPA, and INT-
SORMIL. In Colombia, a Memorandum of Understanding 
was finally organized and formalized in 1988 fitrough a 
Memorandum of Agreement among the Colombian Na-
tional Research Program (ICA), INTSORMIL, and CIAT. 
Since then, CIAT has significantly helped the program to 
achieve established goals. In 1988, research was initiated in 
the acid savannas of Arauca through a Memorandum of 
Agreement between INTSORMIL and the El Alcaravin 
Foundation-a consortium of petroleum companies (Shell, 
Ecopetrol, and Occidental de Colombia), managed by Oc-
cidental. Informal agreements and very strong links have 
been established with nonprofit organizations sth as 
FENALCE--a production/extension-oriented organiza-
tion-and three Colombian universities. The INTSORMIL 
collaborative research site project, MSU-I 11, is managed 
through the Office of International Programs at MSU, under 
the direction of Dr. Ronald Brown. 

InterdisciplinaryResearch 

Collaborative research on germplasm enhancement was 
originally established to help solve problems related to 
sorghum and pearl millet production on acid soils. Even 
though this is the Program's primary research objective, 
emphasis is being placed on other activities, largely because 
of the diversity of institutions involved. For example, 
FENALCE's main interest is to develop lines for semi-arid 
areas (e.g., drought tolerance -Project TAM-122) and lines 
resistant to grain mold diseases. ICA aims to develop 
drought-tolerant lines, adapted to acid soils and resistant to 
grain mold diseases (TAM-124). The universities' main 
objective is research in agronomy and physiology (UNL
114), and entomology (TAM-125 -nd MSU-105). The El 
Alcaravdn Foundation aims to develop germplasm adapted 
to acid savannas and slightly acid soils ("vegas"). This 
institution isalso increasingly interested in grain quality and 
utilization (TAM-126 and PRF-103B). 

Most of the above mentioned research activities are con
ducted by undergraduate students, depending on the specific 
goals of each institution, under the scheme of thesis re
search. 

Mr. David Andrews (UNL-I 15) and Dr. Lloyd Rooney 
(TAM- 26) are to be involved in two new areas: pearl millet 
production and sorghum utilization, respectively. Pearl mil
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let production will become more important for the project, 
initially as a forage and later as a grain crop. 

CIBA-Geigy, ICI, PROSEGRA, FEDEARROZ, and 
ICA have received A and B Al-tolerant pairs and are to 
develop new hybrids for the Latin American acid-soil sa-
vannas. 

FinancialInputs andManagement 

Colombia does not have a USAID Mission, only a repre-
sentative. Operational funds for Project MSU-111 are trans-
ferred to CIAT from MSU and are accounted for as an 
externally funded project. CIAT also manages the El Al-
caravdn account for INTSORMIL. From the financial view-
point, the main accomplishment was the establishment of 
strong cooperation among the participating institutions, 
Even if the amount of real mo: ey provided by thcse institu-
tions is small, a large part of fixed costs are absorbed by 
them, resulting inconsiderable cost reductions, 

Because of CIAT's new interest in sorghum production, 
especially its potential to be an important component of 
sustainable agricultural systems in savanna ecosystems, 
new resources are being found to back sorghum research in 
Latin America. 

INTSORMIL and ICRISAT have begun negotiations 
with the InterAmerican Development Bank (IDB) to obtain 
resources for sorghum research in Latin America. These 
new resources will help establish a Latin American sorghum
network and support specific research projects under the 
supervision of NARS that have the scientific capability to 
conduct such projects. 

The El Alcaravdn Foundation supplied almost U.S. 

$100,000 to support INTSORMIL's collaborative research 

in the Territory of Arauca on the condition that the full 

amount be speiit in that region. FENALCE contributed an 

agronomist (B.S.) for the La Libertad Project and another 

for the drought project at Motilonia, Atlantic Coast. ICA 

provides all the infrastructure for experimental activities in 

the acid-soil area of Meta. 


The sum of all additional support (land, equipment, hu-
man resources, miscellaneous facilities) provided by the 
Colombian organizations represents four times INTSOR-
MIL's support. 

Collaborationwith OtherInstitutions 

Because (ifscarce resources, much interinstitutional co-
operation for Latin America has been, and will have to be, 
developed in Colombia. CIAT has been supporting the 
program in several ways; administratively, establishing re-
lations wilh other scientists, and opening alternatives for 
new areas of rescerch. Land, laboratories, equipment, and 
transport are only some of the facilities that CIAT has made 
available to INTSORMIL's project in Colombia. CIAT is 

also increasing basic seed of INTSORMIL lines for release 
in Colombia. 

PrivateSector 

For the last three years, establishing relations with private 
sector enterprises has been a priority. INTSORMIL has 
supported the evaluation of specific germplasm of interest 
to both INTSORMIL and the private sector. For example, 
CIBA-Geigy is increasing A and B Al tolerant pairs and 
developing hybrids in isolated plots, using as male lines 
some of their own lines, IA 28, ICA-Nataima, and TX 430. 
Half of the product will be for CIBA-Geigy and half for 
INTSORMIL. 

Most of Latin America is in the process of privatization 
and opening up the economy. The NARS involved in the 
above-mentioned research have also been part of this proc
ess and in many countries, such as Colombia and Peru, 
future public research will become the responsibility of the 

privvle sector or "mixed" companies which are owned both 
privatcly and publicly and which are profit accountable. 
According to USAID's new definition, a NAR would be any 
organization related to agricultural research, whether public 
or private. 

To support research in Latin America, INTSORMIL has 
supplied the following germplasm: 

Country Institution Germplasm 

Panama IDIAP Lines A and B Al tolerant 

Colombia ICA 
Segregating lines 

Lines A and B Al tolerant 
Drought tolerant 

Segregating lines 
Al tolerant 
Drought tolerant 
Midge tolerant 

FEDEARROZ Lines A and B Al tolerant 
Drought tolerant 

Segregating lines 
Al tolerant 
Drought tolerant 
Midge tolerant 

El Alcaravdn Lines A and B Al tolerant 
Drought tolerant 

Segregating lines 
Al tolerant 
Drought tolerant 

Venezuela FONAIAP 
Midge tolerant 

Lines A and B Al tolerant 
Segregating lines 

PROSEGRA Lines A and B Al tolerant 
Segregating lines 

Argentina ICI Lines A and B Al tolerant 
Segregating lines 

CIBA-Geigy Lines Aand B Al tolerant 
Segregating lines 
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In Colombia, FENALCE provides technical support to 
farmers through an agronomist (B.S.) stationed in each 
sorghum growing region. ICA provides farms and scientists 
for all projects involving both institutions. The El Alcaravdn 
Foundation fully supports research in Arauca under the 
leadership of INTSORMIL's scientists. 

The PlanningProcess 

The complexity of relationships among the institutions 
involved in sorghum research in Colombia has made the 
planning process very important, The goal is that such 
research is coordinated, with results being published each 
year and distributed among those involved. Specific short 
and long-term goals have been developed jointly with ICA, 
El Alcaravdn, FENALCE, and the universities. Annual 
planning meetings are being held formally in Colombia. 
Specific experiments, organizational funding, and individ-
ual responsibilities are discussed at these meetings. 

Research on Sorghum and Millet Constraints 

The main constraint to sorghum production in Colombia 
is the high production costs of the average yield (2.6 t/ha). 
Most sorghum is grown on valuable lands, making produc-
tion unprofitable. A means of reducing production costs is 
to incorporate marginal lands. However, production con-
straints of these low-cost lands include, for example, poor 
distribution of water, soil acidity and high Al saturation, 
pests and diseases (especially head mold), and periods with 
excessive rainfall and high relative humidity. Sorghum pro-
duction in these areas therefore requires the development of 
varieties or hybrids adapted to the specific ecological prob-
lems prevalent in each region. 

Despite the constraints encountered in these marginal 
areas, the amount of land available is such that the acid, 
well-watered savannas of Latin America constitute, poten-
tially, a major region for sorghum production and, thus, a 
logical focus for future work. These savannas account for 
more than 10% (76 million ha) of land in Latin America and 
the Caribbean. Of course, work can also be developed in 
other regions, such as the forest margins where grain mold 
diseases are the main constraint or the semiarid zones where 
drought is prevalent. 

Wherever farmers grow sorghum in Latin America they 
require low-input technology and invest considerable effort 
to prevent resource degradation. Research on sustainable 
agricultural systems therefore becomes a mandate. 

Research Methods 

Characterization and determination of ecological 
areas for sorghum production in Latin America 

Mechanized agriculture 

Ecosystem 1. Soils without toxicity limitations, either 
salinity cr Al saturation. More than 600 mm of rain, high 
relative humidity. For example, Atlantic Coast (Monterfa, 
Colombia). 

Ecosystem 2. Soils with toxicity limitations, either salin
ity oral saturation. More than 600 mm of rain, high relative 
humidity. For example, Llanos Orientales (Arauca, Colom
bia). 

Ecosystem 3. Soils with toxicity limitations, either salin
ity or Al saturation. Less than 600 mm of rain, relative 
humidity may be high or low. For example, Cerrados (Bra
zil). 

Ecosystem 4. Soils with pH limitations, but no Al toxic
ity. Less than 1000 mm of rain, relative humidity may be 
high or low. For example, El Tigre (Venezuela). 

Ecosystem 5. Soils with normal pH, neither Al toxicity 
nor salinity is a production constraint. Drought is the main 
constraint. Less than 600 mm of rain, relative humidity may 
be high or low. For example, Atlantic Coast (Codazzi, 
Colombia). 

Ecosystem 6. Soils with normal pH, neither Al toxicity 
nor salinity is a production constraint. Drought is not an 
important constraint. Less than 1500 mm of rain, humidity 
may be high or low. This is an excellent ecosystem for 
sorghum production. High technology and good infrastruc
ture are available. For example, Cauca Valley (Colombia). 

Nonmechanized agriculture. 

Ecosystem 1. Soils with norma p1-i, neither Al toxicity 
nor salinity is a production consLaint. Most cropping sys
tems are on hillsides. Drought i.,an additional constraint. 
Less than 600 mm of rain, relative,humidity may be high or 
low. For example, San Pedro (Honduras). 

Ecosystem 2.Soils with normal pH, neither Al toxicity 
nor salinity is a production constraint. Most cropping sys
tems are on hillsides. Drought is not a constraint. Mor, than 
600 mm of rain, relative humidity may be high or low. For 
example, Santander del Norte (Colombia). 

BreedinglgermplasmImprovement 

Standard research methods are used for all the breeding 
related activities in Colombia. Early generation breeding 
material is received each year from Project MSU-104 and is 
evaluated in each level of Al saturation and screened in 
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several 1o. l'ions by all participating institutions. A full set 
of germplasi. wps sent to ICA and the El Alcaravdn Foun-
dation for screening in both acid and nonacid soils. Low-in-
put technology was used in all locations (using 60-60-60 
N-P-K fertilization). 

Because the world collection's first-generation lines are 
very tall, selection has focused on reducing height, while 
maintaining high yields and tolerance of head fungus dis-
eases. The selection process is designed to take into account 
the different levels of Al saturation, and expected results are 
based on the degree of Al toxicity. These levels have been 
established as follows: 

Level 1 0%-35% Class 1 0%-20% Al 
Class 2 21%-35% Al 

Level 2 36%-60% Class 1 36%-45% Al 
Class 2 46%-60% Al 

Level 3 > 60% Class 1 61%-75% Al 
Class 2 > 75% Al 

Thus, for example, a grain yield of 2.5 t/ha will be 
satisfactory for level 3, whereas at least 3.5 O/hm isexpected 
for level 1.TAM- 128 breeding fines and hybrids for drought 
tolerance have been icreased at CIAT. 

Research Progress 

Breedinglgcrmplasm Improv,ment 

A major accomplishment of the INTSORMIL project in 
Colombia will be the possible release ofa variety (from the 
world collection) for the Department of Arauca. Lines have 
been under evaluation since 1988 and ICA is now evaluating 
the possibility of their release, using information generated 
by INTSORMIL, under the El AlcaravWm/CIAT/INTSOR-
MIL agreement. The genotypes IS 3071, IS 8577, and IS 
6944 may be released for levels I and 2 of Al saturation. 
156-P5 Serere- 1(Sorghica Real 40) and MN 4508 (Sorghica 
Real 60), INTSORMIL lines released in Colombia for soils 
with 40% and 60% Al saturation, respectively, are used as 
checks. 

In Year 13, several experiments at Arauca aimed to 
complete the agronomic package for these new lines, includ
ing planting densities, fertilization levels, stability analysis, 
and pLanting dates. 

Evaluation in the Field 

Not all lines have been found to perform equally at 
different levels of Al saturation. Some crosses are excellent 
for vega soils (low levels of Al saturation), but do not 
perform well at high levels of Al, even if one parent is 
tolerant. 

Sets of the selected lines are sent to ICA-LaLibertad from 
the El Alcaravin project each year and from CIAT's head
quarters to both locations. 

At levels above 60% Al saturation, hybrids may provide 
a possible alternative in the increase of grain yield. A full 
set of hybrids is being tested in Arauca and ICA-La Libertad 
at the three levels of Al saturation. 

Both semesters A and B have been used for evaluating 
Al-tolerant lines. Some fines performed better in the first 
semester and the height of all fines decreased in the second 
semester. Also, compared with commercial hybrids, these 
lines show less incidence of head fungus diseases. 

Mutual Research Benefits 

National and multinational seed companies will use the 
technology from this collaborative project to produce acid 
soil tolerant varieties and hybrids in Latin America. As well 
as being tolerant of Al toxicity, these lines show little 
incidence of grain mold diseases, which makes them an 
excellent alternative for these production regions. The re
lease of A and B, Al-tolerant fines, will expand the agricul
tural industrial market in the United States. 

Institution Building 

An agreement with INTSORMIL was signed on March 
23, 1988. Some of INTSORMIL's contributions have been: 

Short visits to Colombia by scientists with ample expe
rience in sorghum production. 

Long visits to Colombia by scientists with ample experi
ence and by support personnel. 

ICA scienfists received an opportunity to conduct post
doctoral research and make use of sabbatical leave. 

Jobs for research assistants (graduate students) chosen 
from Colombian personnel. 

Donations of germplasm and supply of equipment for use 
by both parties. 

Recent literature to support collaborative research pro
jects being conducted in Colombia. 

Supplies, equipment, and travel expenses for INTSOR-
MIL's employees. 

Trips for ICA personnel to the United States or to other 
countries. 

Organization ofperiodic work meetings that benefit INT-
SORMIL's collaborators in Colombia and enhance the ex
change of information among researchers. 

Support of work meetings planned and organized by both 
parties. 
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International Committee for Sorghum (CIS) 

CIS is developed as a result of joint economic and re-
search efforts among ICA, FENALCE, INTSORMIL, and 
the private sector. CIS's objectives for Latin America are to: 

Promote integration among institutions and persons re-
lated to sorghum research and production. 

Provideorientationandenhancedevelopmentofresearch 
and technology transfer programs on sorghum production. 

Serve as a mechanism whereby personnel involved in 
sorghum research, transfer, and development can seek ad-
vice and orientation. 

Promote and sponsor the organization and conduct of 
research and transfer activities related to sorghum produc-
tion, and to diffuse information through publications and 
other documents. 

Establish liaison with international institutions having 
similar objectives. 

Research support funds for ICA have been limited be-
cause of a constrained operational budget. Host country 
capabilities have been strengthened through supplies and 
some labor for field work. Furthermore, the program has 
collaborated with ICA to make available equipment, litera
ture, trained staff, seed storage facilities, and to distribute 
germplasm. 

Dr. Guillermo Mufloz (Ph.D. - MSU), Associate Senior 
Staff with headquarters at CIAT, was appointed INTSOR-
MIL PI for MSU-Ill (Colombia) in July 1988 but since 
1987 has been acting as PI and made possible all the activi-
ties in which the program is now involved. He coordinates 
research, especially in plant breeding, soil science, and seed 
technology, and training activities with collaborating or-
ganizations in Colombia and with INTSORMIL projects in 
the United States. 

Mr. Javier Bernal (M.S. - University of Nebraska) is the 
principal sorghum breeder at ICA's main acid-soil research 
station at La Libertad (Villavicencio, Colombia). 

Agro. omist Alfonso Gonzdlez, a B.S. student uained by 

INTSORMIL, is woildng in sorghum research for the 

ICA/FENALCE Agreement and has strengthened ICA's 
sorghum program at La Libertad. He has been in charge of 

specific experiments and the semicommercial fields at Lacurenly cordnatng tudntsLibetade i Mea. ll 
Libertad, Meta. He is currently coordinating all students' 
research activities in that region. 

Agronomist Adolfo Gasca, another B.S. student trained 
by INTSORMIL, is the coordinator for the El Al-
caravd.n/INTSORMIL cooperative PROGRAM. 

Agronomist Walter Rend6n, a B.S. student previously 
trained by INTSORMIL, is working as Director of 
ICA/CRECED in Arauca and has strengthened both ICA's 
sorghum research program at La Libertad and the El Al
caravdn Foundation activities. He is in charge of specific 
experiments and the semicommercial fields and has made 
selections in the field with the INTSORMIL PI, strengthen
ing the genetic variability for the future development of 
varieties in Arauca and the Llanos Orientales. He has been 
involved in the screening of sorghum lines for poorly 
drained savannas. 

Annual meetings have been conducted in Colombia with 
INTSORMIL's support; the objective wa3 to share results 
of experiments done in the country. Following a recommen
dation from the last meeting, the report entitled, "Informe 
de las Actividades de lnvestigaci6n Realizadas en Colombia 
en el Cultivo de Sorgo, 1990-91," is being published-the 
third of a series of publications prepared each year. 

Considerable research was done through B.S. degree 
students to increase the research capability of the program. 
Ten B.S. degree students from the National University of 
Palmira, the University of Tolima, and the Technological 
University of the Llanos are working on their thesis research 
in collaboration with INTSORMIL. 

Networking 

Colombia is the only Latin American country where 
universities, the private sector (El Alcaravdn), national re
search institutions (FENALCE and ICA), and an intema
tional center (CIAT) collaborate with INTSORMIL to 
accomplish research and training goals. In contrast, net
working activities in other Latin American countries are 
very weak. 

In January, 1991, an international sorghum meeting for 
Latin America was ,-rganized by ICA, El Alcaravdn, 
FENALCE, and INTSORMIL. This event sought to 
strengthen the relationships and exchange of germplasm 
among Latin American countries. 

CIS (ICA, El Alcaravdin, FENALCE, and INTSORMIL) 
is organizing the second international sorghum meeting for 
Latin America for January 1993. The main themes of the 

meeting will be cropprotection and the further strengthen
ing of relationships, especially with the private scctor, in the 
area of joint researh. 

CIAT has included INTSORMIIL's results in sorghum 
and pearl millet research in its dissemination efforts to reach 
farmers and scientists in the region. 

Significant advances have been made in the breeding 

program at ICA through collaboration with INTSORMIL 
and the El Alcaravdin Foundation. Research conducted by 
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INTSORMIL, in collaboration with ICA and other organi
zations in Colombia, has attracted private-sector funds, fur
thering long-terin research goals in Colombia. The El 
Alcaravdn Foundation has provided substantial operational 
and training funds for research conducted in the Department 
of Arauca. This research is oriented toward plant breeding 
for both acid and nonacid soils, agronomy, phytopathology, 
and sorghum utilization. 

Three new lines are being evaluated for release in Arauca 
as a result of significant adv:.nces in the ICA/EI Alcaravdn 
breeding program, thanks to collaboration with INTSOR-
MIL and the El AIcaravdn Foundation. Research conducted 
by INTSORMIL has developed specific varieties for the 
poorly drained -avannas of Arauca. 

Selections were made for different ecosystems from 500 
F4 lines sent by Project MSU-104; short lines with good 
yield capacity are being evaluated in regional trials. These 
lines, considered as second generation, are of a better agro
nomic type than the world collection lines. 

Twenty F2 popdations from Mississippi were screened 
in different environments (both vega and savanna), resulting 
in promising breeoing material available for future work. 
The lines selected are short, with good yield potential. These 
selections are the third generation. 

As previously mentioned, the prin( ipal accomplishment 
of the program has been the release by ICA of two first-gen
eration, Al-tolerant sorghum lines from the world collection. 
To back up this accomplishment, the program has planted a 
10-ha area for basic seed multiplication. 
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SUDAN 

Gebisa Ejeta
 
Purdue University
 

Country Coordinator 

Gebisa Ejeta, Country Coordinator, Purdue University, West Lafayette, IN 47907 
Kai- G. Ibrahim, Administrative Assistant, Purdue University, West Lafayette, IN 47907 
El Hilu Omer, Host Country Coordinator, Agricultural Research Corporation, Gezira Research Station, Wad 

Medani, Sudan 

Collaborative Program 

Organization 

The INTSORMII./U.S. principal investigators develop 
their scope of work jointly with ARC scientists. These 
workplans are reviewed and appioved by Dr. Badir Salim, 
ARC Director Gcneral; Dr. El Hilu Omer, ARC/INTSOR-
MIL coordinator and Dr. Gebisa Ejeta, Sudan Country 
Coordinator, and become part of the INTSORMIL Memo-
randum of Aoreemen'. 

Each workplan has its ewn funding. Funds are forwarded 
dirertly from the INTSORMIL Management Entity at the 
University of Nebraska and then are disbursed in Sudan to 
each ARC scientist to carry out his research program. 

Dr. Ejeta and Katy Ibrahim coordinate the management 
of this program with the U.S. principal investigators at 
Texas A&M, Nebraska, Mississippi State, and Purdue Uni-
versiies. 

Since direct com~imunication with Sudan isbasically non-
existent, the USAID Mission has provided excellent logis-
tical support to relay communication to the ARC at the Wad 
Medani and FJ Obeid research stations. 

ResearchDisciplines 

Cooperative Sorghum Breeding and Genetic Evaluation 
- Osman I. Obeid Ibrahim, ARC; Gebisa Ejeta, Darrell 
Rosenow, INTSORMIL. 

Coopeiative Millet Breeding - El Haj Abu El Gasim, 
ARC; David Andrews, INTSORMI',. 

Agronomy and Water Management Program - S.M. 
Farah, ARC; Jerry Eastin, INTSORMIL. 

Plant Pathology Progrnim - El Ililu Omer, ARC; Richard 
Frederiksen a.d Darrell Rosenow, INTSORMIL. 

Striga and Weed Control - H.M. Hamdoun and A.G.T. 
Babiker, ARC; Larry Butler and Gebisa Ejeta, INTSOR-
MIL. 

Entomology Program - N. Sharaf Eldin, ARC; Henry 
Pitre, INTSORMIL. 

Food Quality Prcgram - S.M. Badi, ARC; Allen Kirleis, 
INTSORMIL. 

Economic Program - Hamid Faki, ARC; John Sanders, 
INTSORMIL. 

Collaborationwith OtherOrganizations 

The INTSORMIL/Sudan country program continues to 
collaborate with the following host country and U.S. organi
zations: 

Agricultural Researc.i Corporation (ARC) 
Gezira Research Stat; on (GRS) 
Kadugli Research St:,tion 
Food Research Cente, Shambat 
Sudan National Seed Administration 
El Obeid Research Station 
USAID/Khartoum 
University of Nebraska-Lincoln 
Texas A&M University 
Mississippi State University 
Purdue University 

Sorghum/Millet Constraints Researched 

The potential for expansion of sorghum in the rainfed 
areas of Sudan is enormous; however, the major c,,nstraints 
limiting expansion are inadequate soil moisture, inadequate 
soil nutrients, and shortage of labor. Other factors that 
reduce sorghum yields in Sudan include insect pests, plant 
diseases, and Striga.High yielding cultivars with good grain 
quality suitable for mechanical harvesting are also require
ments for future expansion of sorghum in the rainfed central 
clay plain regions of Sudan. 

Breeding efforts currently under way in Sudan to iiicor
porale cfrought tolerance with higher-thian-,vcrage yield 
potential in sorghum are limited by the lack of a rapid field 
screening procedure and the lack of knowledge on sourees 
of sorghum germplam with useful traits. The insect pests 
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known to attack sorghum, especially in the rainfed areas of 
Sudan, include stem borers, American bollworm, and cen-
tral shoot fly. The major fungal diseases that affect sorghum
production in Sudan include charcoal rot, anthracnose, long 
smut and a variety of grain molds. Striga,a parasitic weed 
of sorghum, constitutes a major constraint to sorghum pro
duction in Sudan. There is very little sorghum germplasm 
with resistance to Strigi and the mechanism that renders 
resistance to Striga is not well understood. Knowledge 
about he inheritance of this trait is also lacking. The lack of 
absol'-te definitions and good screening methods for food 
quality to some extent also limit the utilization of high
yielding sorghum varieties and hybrids in Sudan. Work on 
all these aspects is needed to improve sorL)hum production 
and utilization in Sudan. 

Almost all of the pearl millet grown in Sudan is used for 
home consumption by farmers in western Sudan. The ex-
ceplion is a small but growing activity of millet cultivation 
in the mechanized rainfed regions where millet is produced 
on fields where sorghum yields have fallen too low. In 
western Sudau the crop/bush fallow system of production 
has traditionally been used to provide enough nutrients and 
possibly some moisture for a pciod of crop years (5-10 
years fallow/2-4 years cropping). Crops are often grown in 
an intercropping system with millet to maximize produc-
tion. Over the last 20 years rainfall has declined, thus reduc-
ing the soil recovery rate during fallow. Fallow periods have 
also decreased due to higher human and animal pressure on 
plant cover, further aggravating the loss of moisture, nutli-
ents and soil structure. As a result, there has been further 
reduction in millet yields. Accordingly, the primary con-
straints to millet production in western Sudan are lack of 
moisture and soil nutrients, and poor husbandry. Crop losses 
to insect pests (Raghuva), diseases and Striga are also 
important factors limiting millet production. 

Sorghum Breeding 

Osman El Obeid Ibrahirn 


The sorghum breeding program has focused greatly on 
synthesis and evaluation of hybrids p-imarily for the irri-
gated Gezira scheme. A number of experimental hybrids 
have emerged as oeing superior in several multilocational 
testing sites conducted both at GRS and in farmers fields in 
the Gezirq. A number of,eed parents have emerged as being 
promising for use in hybrid seed production. Hybrids (level
oped with seed parents, BON34, BON23, and BON44 have 
been the best both in yield expression and seed quality. 
Some of these seed parents have been shown to segregate 
for waxy endosperm and hence its effect or kisra quality
needs to be evaluated. Parental lines developed for enhanced 
drought tolerance have also been evaluated in hybrid com-
bination. Evaluation of these hybrids showed that many of 
these lines posses superior combining ability and express 
their drought tolerance in hybrid combination as well. Cur-
rently a large and extensive experiment is underway to 
evaiuate the performance and stability of many of these 
parental lines. 

StrigaResearch 
A.G.T. Babiker and A.M. Hamdoun 

Effects ofChlorosulfuronand Ureaon StrigaInfestation 
and Growth ofTwo Sorghum Varieties 

Two sorghum varieties Dabar and SRN-39 were used in 
this experiment. Nitrogen as urea and chlorosulfuron were 
applied at sowing. 

Dabar invariably sustained more Striga than SRN-39. 
Nitrogen as urea at 80kg/feddan had a moderate suppressive
effect of Strigapopulations SRN-39, but had a negligible 
effecton emergenceof theparasite in Dabar.Chlorosulfuron 
reduced emergence of the parasite in both varieties and was 
more effective at the high rates. Herbicide-fertilizer combi
nations were more efficient than either treatment ,kone. 
Striga considerably reduced sorghum height, number of 
heads and straw yield. Chlorosulfuron, in absence of urea, 
increased sorghum height by 9-35% and 9-13% in Dabar 
and SRN-39 respectively. Urea at 80 kg/fed increased sor
ghum height by 106% in Dabar and by 55% in SRN-39. 
However, when chlorosulfuron was used in combination 
with urea sorghum height was always less than that attained 
with the fertilizer alone. In absence of urea Dabar did not 
form heads. However, in the urea treated plots heading was 
considerable. Chlorosulfuron/urca combination gave fewer 
heads than the fertilizer alone. SRN-39 produced heads in 
all treatments. The lowest heading (49%) was obtained from 
plot- which received no treatment. Urea alone increased 
heading to 100%. In comparison to the untreated control 
chlorosulfuron at 1.05 and 1.25 g, when applieA in absence 
of urea, increased heading. The number of plitis which 
showed distinct heads at harvest time was 63-67%. Chloro
sulfuron/urea combination gave similar number of heads to 
the urea alone. Straw yield showed high variabihty. Siriga 
caused considerable reduction in straw yield of both varie
ties and Dabar was the most sensitive. Moreover, the ad
verse effect of Strigawas mitigated by urea. Chlorosulfuron, 
in absence of urea, had negligible effects on straw yizid of 
Dabar. However, in plots planted to SRN-39 the herbicide 
increased straw yield and at 1.05 g a twofold increase was 
achieved in comparison to the untreated plots. Chlorosul
furon/urca treated Dabar gave slightly less straw yield than 
the corresponding urea treatment. However, with SRN-39 
chlorosulfuron/urea combination had no adverse effects. 

Effects of Ureaand Goalon StrigaIncidence andSor
ghum Growth 

Sorghum cv. Dwarf White Milo was tested under two 
levels of urea and one level of goal. Urea at 0 or 80 kg/fed 
was applied at planting. Goa! at 0.12 kg was used as post
emergence directed spray at different stages of crop growth. 
Sorghum stand was adversely affected in plots where no 
fertilizer or herbicide was applied and in plots sprayed with 
Goal 15 days after planting. The other ticatments had no 
adverse effects on crop stand. Plots treated wi hurea sh-wrd 
higher number of heads than those which did not receive the 
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fertilizer. Goal, in absence of urea, increased heading by 2-3 
fold. However, when applied to urea treated plots its effects 
on heading were influenced by application time. Applica
tions at 15 days after planting had a depressive effect on 
heading while those made at more advanced growth stages 
had no effect. Regarding straw yield, the differences be-
tween treatments were not significant. However, urea 
treated plots tended to give more yield than the untreated 
ones. Furthermore, goal had negligible effects when applied 
to urea treated plots. Application of the herbicide in absence 
of urea gave slightly higher yields than the corresponding 
plots which received no herbicide treatment 

Effects of Trap CroppingandEthepho;i on StrigaInci-
dence inSubsequent Sorghum 

This experiment was started during the previous seasor. 
Plots were either left uncropped or cropped with groundnuts 
(cv. Ashford), cotton (cv. Barakat), sunflower (cv. Per-
dovic) orDolichosbeans (cv. Brazile). The plots were either 
treated with ethephon or left untreated. The crops were 
harvested and their residues were removed. The plots were 
sown to sorghum (cv. Dabar) and the treatments; effect on 
Strigawere evaluated as described above. Strigapopulation 
displayed large variability between plots. Nevertheless, 
emergence of the parasite in sorghum seemed to be depend
ent on the preceding crop. In comparison to the control 
Striga population density was extremely high in plots pre-
viously cropped with sunflowers. Conversely emergence of 
the parasite was extremely low in plots where sorghum was 
preceded by Dolichosbears. Trap cropping with cotton did 
not affect emergence of the parasite early in the season, but 
late season emergence was somewhat curtailed. Plots pre-
viously planted with groundnuts had the same Striga infes-
tation as the control plots. Ethephon applied alone had no 
adverse effects on Striga population density, plots treated 
with the low rate of the stimulant had a higher level of 
infestation thap the control. Ethephon in combination with 
trap crops displayed variable effects. The combination had 
inconsistent and negligible effects when the trap crops wen, 
cotton and groundauts. Ethephon in combination with sun-
flower had a depressive effect on Striga emergence when 
compared to sunfloweralone. However, the infestation level 
was still seveie particularly at the low rate of the stimulant. 
Plots previously planted to Dolichosbeans and treted with 
ethephon showed higher Striga population than the corye
sponding Dolichos beans plots. However, the level of infes-
tation was still below that in the control plots or plots treated 
with ethephon alone. Sorghum growth and yield differences 
between treatments were not always significant. However, 
among all treatments, trap cropping with Dolichos beans 
tended to give the tallest sorghum plants and the highest 
number of heads and straw yield. Conversely, sorghum 
preceded by sunflower or Ethephon at 0A kg exhibited the 
poorest growth. 

Effects ofMixed Croppingon StrigaIncidence in Differ
ent Sorghum Varieties 

Four sorghum varieties (SRN-39, N-13, IS-9830 and 
Dabar) were planted as described before. Dolichos beans, 
cowpeas and groundnuts (cv. Ashford) were planted (two 
seeds) each with individual sorghum variety in the same 
hole. Treatment effects were assessed as before. The highest 
Striga infestation among the sorghum varieties was shown 
in plots planted with IS-9830, while the lowest infestation 
occurred in plots sown to SRN-39. Within each sorghum 
variety, Striga population density was highest in the sole 
crop. Mixed cropping, invariably, lowered infestation. In the 
crops used in the system, Dolichos beans was the most 
effective, while groundnuts was the least. Dolichos beans 
suppressed Striga for the whole growing season. On the 
other hand, grotudnuts suppressed emergence of the para
site early in the season, but late seaon infestation was 
relatively high. With respect to sorghum growth, the differ
ences in the parameters measured were not always signifi
cant. However, sorghum in mixed cropping tended to be 
taller, produced more heads and straw yield than the sole 
crop. Furthermore, Dolichosbeans and cow peas were more 
efficient than groundnuts in alleviating the adverse effects 
of Strigaon sorghum growth. 

Sorghum Pathology
 
El Hilu Omer
 

Effect ofCytokinin Applicationon LeafSenescence and 
CharcoalRot (Macrophominaphaseolina) 

The experiment was conducted on cultivar Tx623 at the 
GRS under irrigation. Sowing was, deliberately, delayed 
until August to minimize rain interference at post-flowering 
time. Spacing was at 15 cm between single plants alerg 
ridges 60 cm apart. The crop received nitrogen in the fr rm 
of urea at the rate of 85 kg/ha and two sprays with Danitol-S 
for insect control. Irrigation was applied when necessary 
until the time of 30% flowering when it was stopped from 
the stress treatments. The stress treatments were separated 
from normally irrigated plots by a marginally stressed plot 
seven meters wide. 

The treatments were as specified in the work plan. 

1.Stress + Benzylaminopurine (BAP) spray. 
2. Stress + DW spray. 
3. Normal irrigation + BAP spray. 
4. Normal irrigation + DW spray. 

Spraying with BAP was started at the time of water 
stoppage and repeated once every three days for a period of 
36 days. Only the upper leaf surface of the bottom half 
number of green leaves received the spray. At the end of the 
spraying period individual leaves were rated for green leaf 
score on a scale of 1-5, where 1 was dry or completely 
senescent leaf.
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One week later the crop was harvested and the stalks 
examined for presence or absence of charcoal rot. BAP 
showedsomedelayinleafsenescencewhichwassignificant 
in the stress treatment. However, the charcoal rot data 
showed marked reduction in natural incidence of the disease 
as a result of BAP spraying under stress conditions. Negli-
gible incidence of the disease occurred in the irrigated
unspayed treatment. Crop yield was affected by the stress, 
but BAP does not seem to have influenced crop yield. 

Long Smut (Tolyposporium ehrenbergii) 

The superiority of sporidia as a source of inoculim, 
compared to teliospores stored for one year has been amply
testified in previous seasons. In this season, the efficacy of 
fresh teliospores was compared with sporidia. Both sources 
were prepared as suspensions in water to which a trace of 
tween 80 has been added. 

Inoculum injection was at the boot stage on susceptible 
cultivar Tx623. Disease assessment was at the time of 
maturity on a scale of 1-4. 

Sporidia sources gave successful infections i-n 62% of 
inoculated plants, whereas the sporeballs resulted in 98% 
successful infections. Similarly, the number of smutted 
kernels was much higher in sporeball inoculated heads 
compared to sporidia inoculum. 

Screening FungicidesAgainst Covered Smut 

(Sphacelothecasorghi) 


Only ? few products are registered against smut diseases 
on sorghum in Sudan. This experiment was conducted to 
compare the efficacy of two unregistered chemicals; Mon-
ceren Combi DS 70 and Heptasan, 50, with the standard 
product Fernasan D, for the control of covered smut. Seeds 
of hybrid sorghum (HD-1) were contaminated with the 
chlamydospores collected from previous season and stored 

at room temperature. A rate of 1:900-spore/seed (wt/wt) 

was used. The seeds were shaken with the spores to uniform 

coverage and the contaminated seeds were then treated with
 
the test products at various rates. The subplot size was 2 

rows 7 m long and planting was on ridges 15 cm between 

single plants and 60 cm between ridges. The plot received 
standard rate of urea and sprayed with sorgopriin for weed 
control. All products were evaluated for their effect on 
germination and protection against smut was assessed at 
maturity. Seed germination was good (80%) in all treat-
ments, including the control, and none of the treatments 
showed smut infection except the control which gave 21% 
smutted heads. 

Entomology 

Chemical Control of Stem Borers on Sorghum 


Nasr Sharaf Eldin 


Screening of insecticides for the control of stem borers 
on sorghum has been underway for the last decade. Never-

theless, the only insecticide, so far approved and registered 
for commercial use in the Sudan, is carbaryl. The reason for 
this is that natural infestation is normally too low to give
consistent and reliable data, especially with optimum sow
ing dates. The chemicals under test have been upgraded 
from a long list of chemicals tested in the last few years. 

The experiment was conducted in a whole howasha (five
feddans) to roughly simulate farmers' fields, and was 
planted on August 23rd, about 45 days later than the opti
mum sowing date to induce higher natural infestation. Plant
ing was effected by hand on rows of 60 cms apart and 20 
cms between plant holes. 

Four chemicals, plus Sevin as standard and an untreated 
control, were screened in a field ofsorghum (variety Dwarf 
White Milo) and laid out in a randomized block design with 
two replications. The insecticides tested and their dosage 
rates per feddan were as follows: Furadan 10 G at 15 kgs.,
Lannate 90% WP at 250 gms., Sevin 85% WP at 1.5 lb ai., 
Evisect 90% SP at 400 gms., Sumithion 50% EC at 1.0 lit. 
and Control (Untreated). The granulated Furadan was ap
plied by hand in a small furrow along the length of the ridge
beside the plants and then covered and irrigated. The other 
formulations were applied with knapsack sprayers. Two 
applications were applied on September 21st and October 
11th with the first appearance of the adults in the field. 

Evaluation of efficacy was based on the level of damage 
to the plants, and the number of larae and their entry-holes.

Weekly surveys were undertaken. Data collected were from
 
a row section about one meter long along the ridge. The
 
plants showing the "dead heart" effect and those showing
 
no damage symptoms were recorded. Also a r umber of
 
plants from each treatment were taken to the lab where
 
larvae-entry-holes were cowted and the plants split open

and the inside living larvae recorded. At the end of the
 
season, the number ofheads in each treatment and the grain
 
yield were determined. Data were subjected to the appropri
ate transformation before analysis of variance for compari
son between the different means.
 

Six counts were made to determine the percentage of 
plants showing the "dead heart" effect. The count on Octo
ber 3rd showed that Furadan significantly reduced the num
ber of damaged plants compared with Lannate, Evisect and 
the control. All treatments, except Evisect, were better than 
the control. The count three days later indicated that all 
treatments were similar in efficacy and were significatly 
better than the control. Thirty-eight days after the second 
application, Furadan maintained significant reduction of 
percentage damaged plants, compared with all other treat
ments, which sustained similar damage. The overall average 
of the six counts showed that Furadan was significantly
better than Sevin, Evisect and the control; the other treat
ments, Sumithion and Lannate, were similar to Sevin. 

Data on the larvae and their entry-holes showed that all 
treatments were similar in efficacy and that they signifi
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cantly reduced the number of larvae and their entry-holes 
compared with the control. The number of heads and the 
grain weight under Furadan treatment was greater than the 
other treatments, though the difference was not significant. 
Grain yield showed considerable differences. The highest 
yield was produced with Furadan treatment, followed by 
Lannate and Sumithion and the lowest by Sevin, Evisect and 
the control. 

The results clearly indicated that the insecticides tested 
significantly reduced the damage inflicted on the plants 
compared with the control. This is reflected in the lower 
percentage infested plants, and the lower number of the 
living larvae and their entry-holes. However, differences 
within the chemical treatments as compared with Sevin were 
insignificant, although Furadan showed slightly better per-
formance. 

The grain yield was generally low because of the late 
sowing and the attack of birds. However, yield produced 
under Evisect treatment was extremely low, possibly due to 
the heavy scorching caused to the plant by this chemical. 

In light of the results presented and the discussion abov., 
the following 3 chemicals at the specified dosage rates are 
recommended for release for the control of stem borers on 
sorghum: Furadan 10 G at l5kgs/fed., Lannate 90% WP at 
250 gins/fed., and Sumithion 50% EC at 1.0 lit/fed. 

Evaluation of Sorghum Food Product Quality 
S.M. Badi, P.L. Bureng, L.Y. Monawar and Y.M. Abdalla 

Collaborative studies aie continuing between FRC and 
sorghum breeders in Central and Eastern Regions. These 
investigations have been conducted according to the objec-
fives agreed upon between FRC, ARC breeders and the 
INTSORMIL team of scientists. The parameters investi-
gated were the physical characteristics of various hybrid 
sorghums. The performance of the new hybrids under de-
hulling and milling processes has been determined accord
ing to AACC and ICC approved methods. The sorghum 
flours produced as whole meal and decorticated were evalu
ated for kisra preparation. Some of the parameters measured 
forkisra production were pH, total acidity and color of batter 
before and after fermentation, and Kisra product. The Kisra 
produced was subjected to laboratory taste panel. The or-
ganoleptic parameters investigated were taste, texture and 
color or appearance. 

The physico-chemical aiialysis of nine hybrids, plus con-
trol samples, along with pH and total acidity (as lactic acid) 
of the flour was determined. The milling characteristics of 
sorghum grain were determined as well. The hardness of the 
grains was expressed in terms of brokens and overtails of 
sieving tests. Two types of sorghum flours were used to test 
the suitability and acceptability of the new sorghum hybrids 
in kisra productions. These flours are whole meal (100%) 
and 80% extraction rate type of flour, 

Our results do not show any pattern to indicate direct 
relationship between the milling characteristics ofthe grains 
and Kisra quality. The variety which produced less accept
able Kisra was the dark red variety, PB 815. The process of 
fermentation improves thecolor o'Z Kisra especially on those 
varieties with creamy/orange-yellow colors. The dark 
brown/red varieties are not greatly improved. The dark 
colored varieties of Gadam El Hamam, with different treat
ments gave less acceptable Kisra. The fermentation process 
did not improve the color of Kisra, especially brown flours. 
Nutritionally the brown/red varieties have high protein val
ues. The fat content are comparable. The ash content of 
Gadam El Hamam (brown/red variety) is slightly lower than 
the creamy varieties. 

The results obtained in these investigations will be re
peated in the program. Detailed screening of the hybrid 
varieties, including the traditional varieties, will be carried 
out this year. The functional properties and physical charac
teristics of these grains will be considered in greater detail 
in order to establish the definition and parameters of the 
grais for a good quality Kisra. 

Economics
 
John Sanders
 

In the summer of 1990, Mohamed M. Ahmed and John 
H. Sanders did fieldwork in the Gezira irrigation project to 
estimate the returns to research from investment in HD-1. 
HD-1 is in the early stage of diffusion there on approxi
mately 17,000 ha, or 9% of the sorghum crop area. Even at 
this early stage of diffusion, there is a reasonable financial 
rate of re.,urn of 23 to 31%. Eliminating the price and 
exchange-rat2 distortions gives an economic return of 16 to 
21%. Measures to eliminate these distortions, especially the 
overvalued exchange rate, would encourage sorghum ex
ports by increasing their competitiveness and would enable 
the market rather than the governmental sector and foreign
aid donors to allocate the critical input ofchemical fertilizer. 

Institution Building 

The INTSORMIL Sudan program, as in the past, contin
ued to provide direct allocation of funds to the Agricultural 
Research Corporation. This support coniributes important 
operational backstopping for sorghum breeding, millet 
breeding, physiology/agronomy, pathology, Striga/weed 
control, entomology, food quality, economics, library im
provement and administrative support. This strengthens the 
overall capability of ARC to address the important issues 
for improved production and utilization of sorghum and 
millet. 

IN7SORMIL Scientists Travel 

Drs. Darrell Rosenow, Gary Peterson and Gebisa Ejeta 
traveled to Sudan from November 4 to November 16, 1991 
to work on the Sudan Sorghum Collection Growout. 
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Drs. El Hilu Omer, Sitt M. Badi, and M.B.A. Saleem 
attended the INTSORMIL International Conference, Cor
pus Christi, Texas on July 9-14, 1991. A Sudan country 
program meeting was held at this time. 

Dr. A.G.T. Babiker, ARC pathologist arrived at Purdue 
in January 1992 for a one year sabbatic to work with Drs. 
Gebisa Ejeta and Larry Butler. 
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INTSORMIL gives high priority .o training host country INTSORMJL aalso places high priority on training
scientists who will have major responsibilities for sorghum women which is reflected in Figure 2. In 1992, 20% of all
and millet rese h in their home countries. Training is also INTSORMIL graduate participants were women. Twenty
provided for young U.S. scientists who plan for careers in seven of the total 95 students received full INTSORMIL 
overseas development work. scholarships. An additional 16 students received partial 

INTSORMIL funding and the remaining 52 students wereThe most frequently used mode of training is graduate funded from other sources as shown in Figure 3. 
study for advanced degrees, with the students' research
 
forming an integral part of an INTSORMIL project. During Figure 3. 1992 INTSORMIL Training Analysis.

the year covered by this report, 95 students from 35 different Source of Funding

countries were enrolled in an INTSORMIL advanced degree
 
program. Approximately 80% of these students come from
 
countries other than the U.S. 
 which shows the emphasis INTSORMIL 27
 
placed on host country institutional development (Figure 1). 


Figure 1. 1992 INTSORMIL Training Analysis. 
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ilii 	 ,/All 95 students worked directly with 1NTSORMIlL principalIenrolled in graduate programs in all seven INTSORIL~~disciplines. 	 Figure 4 also shows that there has been a sig

s,,a. g, 2 	 nificant increase in the number of students enrolling infoodC i 	 techology, reflcting the importance of product develop

ment and food processing.
Figure 2. INTSORMIL Training Analysis. 

Figure 4. 1992 INTSORMIL Training Analysis. 
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Total student numbers increased slightly in 1991-92 as 
compared to 1990 and 1991. However, the number of INT-
SORMIL funded students has decreased by 21% from 1988. 
This also represents a decrease of 43% in the number of 
INTSORMIL fhnded students as compared to 1987. This 
decrease is partially due to an equivalent increase in the 
number of students supported through other sources, i.e., 
A.I.D. Missions, ICRISAT, etc. 

In addition to graduate degree programs, short term train-
ing programs have been designed and implemented on a 
case by case basis to suit the needs of host country scientists. 
Several Host Country scientists were provided the opportu-
nity to upgrade their skills in this fashion during 1992. 

INTSORMIL cooperates with ICRISAT on a ten year 
special training program for the Southern African Develop-
ment Coordinating Countries, SADCC. The SADCC/ICRI-
SAT regional Sorghum and Millet Research Program was 
designed to respond to the need of the 10 member states of 
SADCC, the Southern African Development Coordination 
Conference, to initiate research on sorghuwa and millets in 
the marginal rainfall areas of the region. The program is 
implemented by ICRISAT and funded by USAID, CIDA 
and GTZ. 

A major component of the program is Training and Staff 
Development. The objective of this component is to 
strengthen the scientific and tech,ival research capability of 
National Research Programs through advanced degree and 
technical training. In order to accomplish the objective, 
ICRISAT has sub-contracted the advanced degree training 
element to INTSORMIL, the International Sorghum and 
Millet Collaborative Research Support Program, where the 
necessary linkages and institutions exist. 

In 1992, INTSORMIL placed one additional scientist 
from Zimbabwe into a graduate program in Canada. This 
brought the total number of active SADCC students to 61 
for 1991-92. (Figure 5) 

Figure 5. 1992 SADCC Training Analysis 

Annual Status 

Complebons 

ArrivaJs 

Mid- Program 49 

The scientist who arrived in 1992 was placed at Guelph 
Univeristy in Ontario. This student is funded by the Cana
dian International Development Agency, CIDA, but admin
istered by INTSORMIL in the same manner as our AID 
funded students. 

The SADCC/ICRISAT Southern African training pro
gram continues to hold a high profile in INTSORMIL 
training activities. Of 49 students matriculating in the U.S., 
Canada and Brazil, 24 are studying under INTSORMIL 
scientists while the remainder are with subject matter spe
cialists not covered by INTSORMIL scientists. There were 
11 degree completions in 1992. 

The following table is a compilation of all INTSORMIL 
training activities for the period covered by this report, July 
1, 1991 through June 30, 1992. 
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Year 13 INTSORMIL Training Participants
 

Name Country University Discipline Advisor Degree Gender Funding* 
Coulibaly, Adama Mali KSU At ..nomy Vanderlip MSC M I 
Gono, Lawrence Zimbabwe KSU A&v,.nomy Vanderlip PHD M S 
Heiniger, Ronnie U.S. KSU Agronomy Vandeflip PHD M I 
Lele, Etani Botswana KSU Agronomy Vanderlip MSC M S 
Madulu, Ruth Tanzania KSU Agronomy Vandeslip MSC F S 
Gutierrez, Patricio F. Ecuador UNL Agronomy Clegg MSC M I 
Maliro, Charles Malawi UNL Agronomy Clegg PHD M S 
Mohamed, Mirghani S. Sudan UNL Agronomy Clegg PHD M I 
Masi, Cassim Zambia UNL Agronomy Maranville PHD M S 
Sirifi,Seyni Niger UNL Agronomy Maranville MSC M 0 
Toure, Abdoul Mali UNL Agronomy Maranville MSC M I 
Traorr Abdoulaye Mali UNL Agronomy Maranville PHD M I 

Goggi, Susani Argentina MSU Breeding Gourley PD' F I 
Zake, Vincent Uganda MSU Breeding Gourley PHD M 0 
Mushonga. Joe Zimbabwe PRF Breeding Axtell PHD M S 
Peters, Paul US PRF Breeding Axtell PHD M 0 
Botorou, Ouendeba Niger PRF Breeding Ejeta PItD M 0 
Cisse, N'Diaga Senegal PRF Breeding Ejeta PHID M 0 
Grote, Ed US PRF Breeding Ejeta PilD M 0 
Ibrahim, Yahia Sudan PRF Breeding Ejeta MSC M 0 
Johnson, Richard US PRF Breeding Ejeta MSC M 0 
Vogler, Renee US PRF Breeding Ejeta MSC F I 
Wecrasuriya, Yohan Sri Lanka PRF Breeding Ejeta PHD M 0 
Dahlberg, Jeffrey US TAM Breeding Miller P1ID M P 
Gouveia, Sergio Jeremias Mozambique TAM Breeding Miller MSC M S 
i .,zzah, Bill W. Uganda TAM Breeding Miller PHD M 0 
Ombakho, George Kenya TAM Breeding Miller PHD M P 
Palma C., Alejandro Honduras TAM Breeding Miller MSC M 0 
Tenkouano, Abdou Burkina Faso TAM Breeding Miller Pt1D M 0 
Toure, Aboubacar Mali TAM Breeding Miller/Rosenow PIID M P 
Gorman, Chris US TIU Breeding Rosenow MSC M I 
Isbell, Verne US TAM Breeding Rosenow PHiD M P 
Mkhabela, Milton Swaziland TFU Breeding Rosenow PHlD M S 
Doumbi? Mamadou Mali TAM Breeding Peterson PilD M P 
Chi rwa, Rowland Malawi UNL Breeding Andrews PlID M S 
Chungu, Chibwe Zambia UNL Breeding Andrews MSC F S 
Jeutong, Fabien Cameroon UNL Breeding Andrews P11D M 0 
Kiula, Barnabas Tanzania UNL Breeding Andrews MSC M S 
Mahama, A. Assibi Ghana UNL Breeding Andrews IVISC M 0 
Muza, F.R. Zimbabwe UNL Breeding Andrews PHD M S 

Ahmed, Mohamed Sudan PRF Economics Sanders PlID M I 
Coulibaly, Ousmane Mali PRF Economics Sanders PtlD M I 

Nichola, Tennassie Ethiopia PRF Economics Sanders PHD M I 
Salih, Ali Sudan PRF Economics Sanders PIID M 0 

Ching'oma, Godfrey Malawi MSU Entomology Pitre MSC M S 
Lopez, Julio Ilondumas MSU Entomology Pitre MSC M I 
Portillo, Hfector Honduras MSU Entomology Pitre PHID M I 
Bayoum,Imad Lebanon TAM Entomology Gilstrap PIlD M I 
Behle, Robert U.S. TAM Entomology Gilstrap PhID M P 
Ciomperlik, Matthew U.S. TAM Entomology Gilstrap PID M P 
Monroy, Jose Honduras TAM Entomology Gilstrap VS 2 M I 
Rao,Asha India TAM Entomology Gilstrap MSC F I 
Rojas. Edgar Costa Rica TAM Entomology Gilstrap PIID M P 
Roque. Javier Mexico TAM Entomology Gilstrap PHID M P 
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Training 

Name 
Jimenez, Nora 

Jost, Douglas 
Magallenes, Ricardo 

Manthe, Chris 

Paliani, Anderson 

Pendleton, Bonnie 

Country 
Colombia 

U.S. 
Mexico 

Botswana 

Malawi 

US 

University 
TAM 

TAM 
TAM 

TAM 

TAM 

TAM 

Discipline 
Entomology 

Entomology 
Entomology 

Entomology 

Entomology 

Entomology 

Advisor 
Teetes 

Teetes 
Teetes 

Teetes 

Teetes 

Teetes 

Deiree 
MSC 

MSC 
PHD 

PlID 

MSC 

PHID 

Gender 
F 

M 
M 
M 
M 
F 

Funding* 

I 
P 
S 
S 

0 

Lelong, Dolly Bell 

Siame, Anthony Bupe 

Tarimo, Thadeo 
Weerasuriya, Yohan H. 

Aboubacar, Adam 

Mohamed, Abdel-Mageed 

Oria, Maria P. 

Shull, Jeanette 

Anderson, Brian 

Be. Trust 

Clegg, Chally 

Corujo, Juan 

Cruz y Celis, Laura 

Hlugo, Leda 

Islas-Rubio, Alma 

Lekalake, Rosemary 
Mrema, Greyson 

Suhendro, Elly 

Wright, Lee 

Tanzania 

Zambia 

Tanzania 
Sri Lanka 

US 

Sudan 
Spain 
US 
US 

Zimbabwe 
US 

Spain 

Mexico 
Mozambique 

Mexico 

Botswana 
Tanzania 
Indonesia 
US 

PRF 
PRF 

PRF 
PRF 

PRF 

PRF 
PRF 
PRF 
TAM 

TAM 
TAM 

TAM 

TAM 
TAM 

TAM 

TAM 
TAM 
TAM 
TAM 

Food Quality/Util 

Food Quality/Util 

Food Quality/Util 

Food Quality/Util 

Food Quality/Util 

Food Quality/Util 

Food Quality/Util 

Food Quality/Util 

Food Quolity/Util 

Food Quality/Util 

Food Quality/Util 

Food Quality/Util 

Food Quality/Util 

Food Quality/Util 

Food Quality/Uid 

Food Quality/Util 

Food Quality/Util 

Food Quality/Util 

Food Quality/Util 

Butler 
Butler 
Butler 

Butler 

Kirleis/tHamaker 

Kirleis/llamaker 

Kirleis/lamaker 
Kirleis/llamaker 
Rooney 
Rooney 

Rooney 

Rooney 

Rooney 
Rooney 

Rooney 

Rooney 
Rooney 

Rooney 
Rooney 

PHD 

PHD 
PHD 

MSC 
MSC 
VS 2 

PHD 
PD' 
MSC 

MSC 

MSC 

MSC 

MSC 
MSC 

PlID 

MSC 

MSC 
MSC 
MSC 

F 

M 
M 

M 
M 
M 
F 
F 

M 
F 

M 
M 
F 
F 

F 

F 
M 
F 
M 

0 
S 
S 

0 
0 
I 

0 
I 
P 

S 

P 
P 
P 
S 

P 
S 
S 

0 
P 

Kedera, John 

Xu, Jin-Rong 

Casela, Carlos 

Esele, Peter 

Mansuetus, Anaclet 

Naidoo, Gnanambal 

Oh, B.J. 

Rosewich, Ute L. 

Guthrie, Phillip 

Kunene, Innocentia 
Alexander, John 
McClelan, Eddie 

Kenya 

China 

Prazil 
Uganda 

Tanzania 

South Africa 

Korea 
Germany 

Great Britain 

Swaziland 
US 
US 

KSU 

KSU 
TAM 
TAM 

TAM 

TAM 

TAM 

TAM 

TAM 

TAM 
TAM 
TAM 

Pathology 

Pathology 

Patholgy 
Pathology 

Pathology 

Pathology 

Pathology 

Pathology 

Pathology 

Pathology 
Pathology 
Pathology 

Claflin 

Leslie 

Frederiksen 
Frederiksen 

Frederiksen 

Frederiksen 

Frederiksen 

Frederiksen 

Odvody 

Odvody 
Toler 
Toler 

PHD 

PIHD 

PItD 
PID 

PID 

PIID 

PlID 

PlID 

PIID 
PtlD 
PIID 
PlID 

M 
M 
M 
M 

M 
F 

M 

F 

M 

F 
M 
M 

0 
0 
0 
0 
S 

0 
0 
I 

I 
S 
0 
I 

Gandoul, Gandoul I. 

Nyakatawa, Ermson 

Coulibaly, Sidi Bekaye 

Dione, Siriba 

Sudan 

Zimbabwe 
Mali 

Mali 

UNL 
UNL 
UNL 
UNL 

Physiology 
Physiology 
Physiology 

Physiology 

Eastin 
Eastin 
Sullivan 

Sullivan 

PHID 
MSC 

MSC 
MSC 

M 
M 
M 
M 

I 
S 
I 
I 

* I = Completely funded by INTSORMIL 
P = Partially funded by INTSORMIL 
S = SADCC/ICRISAT funded 
0 = Other source 

'PD2VS 
= 
= 

Post Doctoral 
Visiting Scientist 

KSU = Kansas State University 
MSU= Mississippi State University 
PRF = Purdue University 
TAM= Texas A&M Utiversity 
T'rU = Texas Tech University 
UNL = Univerrity of Nebraska - Lincoln 
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Training 

Year 13 SADCC/ICRISAT Training Participants 
Name 
Alfredo, Manuel 
Chitengue. Jone 
Domingos, M'panzo 

Country 
Angola 
Angola 
Angola 

University 
Vicosa 
Vicosa 
Vicosa 

Discipline 
Pathology 
Breeding 
Agronomy 

Advisor 
Ferreira da Silva 
Vieira 
Nogueira Pontes 

Degree 
MSC 
MSC 
MSC 

Gender 
M 
M 
M 

Jose, Joao Angola Vicosa Breeding Cardosa MSC M 

Emmanuel, Willie Botswana MSU Seed Technology Vaughan BSC M 
Lekalake, Rosemary Botswana TAM Food Science Rooney MSC F 
Lele, Etani Botswana KSU Agronomy Vanderlip MSC M 
Makhwaje, Ernest 
Malepa, Dollina 

Botswana 
Botswana 

KSU 
UNL 

FSR/Econ 
Plant/Soil 

Norman 
Walters 

MSC 
PHD 

M 
F 

Manthe, Chris Botswana TAM Entomology Teetes PHD M 
Molapong, Keoagile Botswana N. Carolina St. Plant/Soil Cox PHD M 
Moroke, Thebeetsile Botswana So. Illinois Plant/Soil Chong MSC M 

Khalema, Ticiso Lesotho Texas Tech FSR/Econ Ervin MSC M 
Mofolo, Moea 
Mokhoro. Cyprian 

Lesotho 
Lesotho 

UNL 
UNL 

Agronomy 
Food Science 

Sorensen 
Jackson 

BSC 
MSC 

M 
M 

Ranthamane, Matla Lesotho KSU Breeding Bramel-Cox MSC M 
Sefika, Phakiso Lesotho UNL Forages Anderson, B. MSC M 

Ching'oma, Godfrey Malawi MSU Entomology Pitre MSC M 
Chintu, Edmund 
Chirwa, Rowland 

Malawi 
Malawi 

Guelph 
UNL 

Breeding 
Breeding 

Kannenberg 
Andrews 

PHID 
PHD 

M 
M 

Luhanga, Jeffrey Malawi MSU Seed Tech Andrews, C.H. PtID M 
Maliro, Charles 
Paliani, Anderson 

Malawi 
Malawi 

UNL 
TAM 

Agronomy 
Entomology 

Clegg 
Teetes 

PiD 
MSC 

M 
M 

Brito, Rui 
Gouveia, Sergio 

Mozambique 
Mozambique 

CSU 
TAM 

Agronomy 
Breeding 

Dumford 
Miller 

PIID 
MSC 

M 
M 

Ilugo, Leda Mozambique TAM Food Science Rooney MSC F 
Maposse, Inacio Moz.snbique UNL Forages Anderson, B. MSC M 
Mucavele, Firmino Mozambique Florida FSR/Econ Spreen PIID M 
Pereira, Luiz Mozambique UNL Agroclimatology Weiss MSC M 

Kunene, Innocentia Swaziland TAM Pathology Odvody PlID F 
Mabuza, Khanyisile Swaziland Guelph Food Science Gullet MSC F 
Malaza, Millicent Swaziland Penn St. FSR/Econ Warland PIID F 
Matsebula, Sebenzile Swaziland Saskatchewan Biometrics Baker PHID F 
Mkhabela, Milton Swaziland Texas Tech Breeding RosenowiNguyen PHD M 

Felix, Joel Tanzania PRF Agronomy Vorst MSC M 
Kaganda, Suleiman Tanzania UNL Forages Anderson/Moser MSC M 
Kiula, Barnabas Tanzania UNL Breeding Andrews MSC M 
Madulu, Ruth Tanzania KSU Agronomy Vanderlip MSC F 
Mansuetus, Anaclet Tanzanaia TAM Pathology Fredriksen PIID M 
Matowo, Peter Tanzania KSU Agronomy Pierzwnski PHD M 
Mbuya, Odemari Tanzania Florida Agronomy Boote PHD M 
Mgcma, William 
Mndolwa, Samuel 

Tanzania 
Tanzania 

UNL 
KSU 

Agronomy 
Agronomy 

Clark 
Moshier 

MSC 
BSC 

M 
M 

Mrera, William Tanzania TAM Food Science Rooney MSC M 
Mtwaenzi, ttamis Tanzania MSU Weed Science Coats MSC M 
Tarimo, Thadeo Tanzania PRF Bird Control Butler/WeLks PID M 
Chisi, Medson Zambia KSU Breeding Bramel-Cox PhID M 
Chungu, Chibwe Zambia UNL Breeding Andrews MSC F 
Ilikeezi, Doreen Zambia KSU Food Science Walker MSC F 
Masi, Cassim Zambia UNL Agronomy Maranville PIID M 
Mwale, Moses Zambia UNL Plant/Soil Walters MSC M 
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Training 

Name 
Ngulube-Msikita, Rachel 

Siame, Anthony 

Country 
Zambia 

Zambia 

University 
UNL 

PRF 

Discipline 
Breeding 

Food Science 

Advisor 
Moser 

Butler 

Degree 
BSC 

PhD 

Gender 
F 

M 

Beta, Trust 

Gono, Tigere Lawrence 

Mahuku, George 

Makaudze, Ephias 

Mazhangara, Edward 

Muza, Figuhr 

Nyakatawa, Ermson 

Zimbabwe 

Zimbabwe 

Zimbabwe 

Zimbabwe 

Zimbabwe 

Zimbabwe 

Zimbabwe 

TAM 

KSU 

Guelph 

TAM 

PRF 

UNL 

UNL 

Food Science 

Agronomy 

Pathology 

FSR/Econ 

FSR/Econ 

Breeding 

Agronomy 

Rooncy 
Vanderlip 

Hall 
Fuller 

Masters 

Lee 

EastinlSchilling 

MSC 
PIID 

PiHD 

MSC 

MSC 

PIID 
MSC 

F 

M 

M 
M 

M 

M 
M 

CSU = 

KSU 
MSU= 
PRF = 
TAM= 
UNL = 

Colorado State University, Fort Collins, Colorado 

Kansas State University, Manhattan. Kansas 

Mississippi State University, Missississippi State, Mississippi 

Purdue University, Wrst Lafayette, Indiana 

Texas A&M University, College Station, Texas 

University of Nebraska, Lincoln, Nebraska 

Florida = University of Florida, Gainesville, Florida 

Guelph = University of Guelph, Ontario, Canada 

N. Carolina St. = North Carolina State University, Raleigh, North Carolina 

Penn St. = Penn State University, University Park, Pennsylvania 

Saskatchewan = University of Saskatchewan, Saskatoon, Canada 

So. Illinois = Southern Illinois University, Carbondale, Illinois 

Texas Tech = Texas Tech University, Lubbock, Texas 

Vicosa = Universidad Federal de Vicosa, Brazil 
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INTSORMIL Buy-Ins
 

University/
Project No. Buy-In Year 

Life of 
Buy-In 

Annual 
Amount Total 

KSU-106 SADCC/ICRISAT Training 
SADCC/ICRISAT Training 
AID/Mauritania Training 
Kansas Agric. Exp. Station 
Kansas Agric. Exp. Station 
Kansas Agric.Exp. Station 
Kansas Grain Sorghum Commission 
EPA/Univer; ., of Nebraska 

1989 
1990 
1989 
1991 
1989 
1988 
1985 
1990 

2 years 
3 years 
2 years 
3 years 
3 years 
3 years 
6 years 
2 years 

23,200 
40,000 

2,520 
19,000 
19,000 
13,333 
17,500 
32,518 

46,400 
120,000 

5,040 
57,000 
57,000 
40,000 

105,000 
65,036 

$495,476 

KSU-107 USAID/Gaborone 1988 5 years 50,000 $250,000 

KSU-108 Kansas Corn Commission 
Kansas Grain Sorghum Commission 
Kansas Corn & Sorghum Commission 
Kansas Agric. Exp. Station 
EPA 

1988 
1989 
1985 
1991 
1990 

3 years 
1 year 
9 years 
3 years 
3 years 

16,845 
13,666 
18,482 
19,000 
39,523 

50,535 
13,666 

166,338 
57,0r 

118,569 
$406,108 

MSU-104 MIAC 
MIAC 
El Alcaravan Foundation 
FEDEARROZ 
FENALCE 

1990 
1992 
1991 
1990 
1991 

2 years 
t ,ear 
1 year 
5 years 
1 year 

115,725 
142,000 
200,000 

10,000 
5,000 

231,450 
142,000 
200,000 

50,000 
5,000 

$ 628,450 

NISU-105 SADCC 
FAO 

1992 
1992 

1 year 
3 years 

4,210 
2,245 

4,210 
6,735 

$10,945 

MSU- 111 El Alcaravan Foundation 
FEDEARROZ 

1990 
1990 

2 year, 
5 ye:rs 

200,000 
10,000 

400,000 
50,000 

$ 450,000 

Kenya MIAC-USAID/Nairobi 
MIAC-USAID/Nair!,oi 

1991 
1992 

26 months 
1 year 

130,000 
120,000 

200,000 
120,000 

$ 320,000 

PIRF- 103A AID/Program Support Grant 
AID/Program Support Grant 
Agric. lxp. Station 
McKnight Foundation 
McKnight Foundawion 

1988 
1989 
1988 
1989 
1992 

1year 
1 year 
2 years 
3 years 
3 years 

10,000 
5,000 
7,000 

229,368 
250,000 

10,000 
5,000 

14,000 
688,104 
750,tr. 

$1,467,104 

PRF- 10311 USDA Training 
AFGRAD Training 
NAAR Project 

1989 
1989 
1991 

3 years 
4 years 
1year 

15,000 
9,000 
3,000 

45,000 
36,000 

3,000 
S84,000 

PRF- 104B 
& 104C 

USAID PSG 
USAID PSG 
Rockefeller Foundation 
USAID/PSTC 
Purdue Research Foundation 
Pioneer Seed Company 

1989 
1990 
1989 
1990 
1991 

1991 

1 year 
3 years 
3 years 
4 years 
1year 
3 years 

5,000 
10,000 
24,500 
50,000 

2,800 
60,000 

5,000 
30,000 
73,500 

200,000 
2,800 

10,000 
$491,300 

PRF-105 USAID 'SG 
USAID PSG 
USAID/Bean-Cowpea CRSP 
USAID/PSG 

1989 
1991 
1990 

3 years 
I year 
1 year 

5,000 
5,000 

22,000 

15,000 
5,000 

22,000 
$42,000 
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INTSORMIL Buy-Ins 

University/ 
Project No. 
PRF-107 

Buy-In 
USAID PSG 
USAID PSG 
McKnight Foundation 
State of Indiana 
Pioneer Seed Ccmpany 

Year 
1989 
1990 
1989 
1990 
1991 

Life of 
Buy-In 

1 year 
2 years 
3 years 
1 year 

2 years 

Annual 
Amount 

16,500 
14,000 
20,632 

8,200 
15,000 

Total 
16,500 
28,000 
61,896 

8,200 
30,000 

$144,596 

PRF- 109 USDA Grant 1990 2 years 30,000 $60,000 

PRF-111 USAID/Khartourn-PL480 1990 3 years 80,000 $240,000 

TAM-121 Rockefeller Foundation 1992 1 year 18,724 $18,724 

TAM- 122 USAID/TAMU 
USDA 
State of Texas Grant 
USAIDITAMU 
State of Texas Grsnt 
State of Texas Grant 
Texas Higher Coordinating Board 

USAID/TAMU 
USAIDITAMU 

1989 
1989 
1989 
1990 
1990 
1991 
1991 
1991 
1991 

1 year 
3 years 
2 years 
3 years 
2 years 
2 years 
2 years 
1 year 
1 year 

24,000 
13,333 
28,000 
18,000 
20,000 

7,000 
27,000 
13,000 
15,000 

24,000 
40,000 
56,000 
54,000 
40,000 
14,000 
54,000 
13.000 
15,000 

$310,000 

TAM-123 Texas Grain Sorghum Producers 
USAID/TAMU 
USAID/TAMU 

1990 
1990 
1991 

5 years 
1 year 
1 year 

50,000 
17,000 
28,000 

250,000 
17,000 
28,000 

$295,000 

TAM- 124 USDA 
Texas Advanced Research 
Texas Advanced Research 
Rockefeller Foundation 
TAES (ERA) 
Rockefeller Foundation 

1989 
1989 
1990 
1990 
1990 
1992 

3 years 
; year 
. years 
2 years 
2 years 
1 year 

10,000 
75,000 
15,000 
30,000 
32,000 

7,000 

30,000 
75,000 
45,000 
60,000 
64,000 

7,000 
$281,000 

TAM- 125 TAMU/Program Support Onant 
Texas Grain Sorghum Pre. ucers 
USDA/APtIS 
USDA/APtUS 
USDA/APIlS 
US DA/CSRS 
TAMU/Program Support Grant 
TAMU/Program Support Grant 
SADC /ICRISAT Training 
USDA'APHIS 
TAMUhi'rogram Support Grant 

1989 
1989 
1989 
1990 
1990 
1990 
1990 
1990 
1989 
1991 
1990 

3 years 
5 years 
2 years 
3 years 
1 year 

2 years 
2 years 
2 years 
1 year 
1 year 
3 years 

24,000 
10,000 
15,000 
23,734 
28,200 
29,910 
18,638 
30,000 
21,000 
13,200 
27,000 

72,000 
50,000 
30,000 
71,202 
28,200 
59,820 
37,276 
60,000 
21,000 
13.200 
78,000 

$ 520,698 

TAM- 126 Texas Center for Energy 
TAMU/Progran Support Grant 
Texas Agr. Exp. Station 
TAES/ERA 
HATCH 
Sorghum/Wheat Producers 
Grain Sorghum PrLAucers 
TAES/ER.A 
TAES/ERA 

1989 
1989 
1989 
1990 
1990 
1990 
1992 
1991 
1991 

1 year 
3 years 
5 years 
2 years 
3 years 
1 year 
3 years 
2 years 
2 y,-.r 

14,500 
1I00c 
50,000 
31,500 
35,000 
15,000 
51,973 
12,500 
19,000 

14,500 
30,000 

250,000 
6j,000 

105,000 
15,000 

155,919 
25,000 
38,000 

$696,419 

TAM-131 AID/londuras - PL480 1990 3 years 120,000 $360,000 

UNL.113 SADCCIICRISAT Training 
USAID/ICRISAT Training 
Rockefeller Fouidation 
Ministry of Science (Leave) 

1989 
1989 
1989 
1991 

3 years 
3 'ears 
3 years 
1 year 

18,000 
18,000 
8,333 

25,000 

54,000 
54,000 
25,000 
25,000 

$158,000 
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INTSORMIL Buy-Ins 

lUnivcrsity/
Project No. Buy-In Year 

Life of 
Buy-In 

Annual 
Amount Total 

UNL-114 SADCC/ICRISAT Training 1991 2 yeais 18,485 $36,970 

UNL-115 
& - 118 

Michigan State/Senegal Agric. 1989 4 years 48.350 $193,400 

UNL-116 USDA/OICD 
Elliou Grant 
Nebraska Sorghum Board 
Nebraska Sorghum Board 

1989 
1989 
1990 
1992 

3 years 
4 years 
3 years 
3 years 

14,667 
17,250 
24,400 
56,000 

44,000 
69,000 
73,200 

168,000 
$354,200 

UNL- 123 USAID/PSTC Grant 
USDA/ARS 
US DA/ARS 

1989 
1986 
1991 

3 years 
5 years 
5 years 

50,000 
22,669 
24,356 

150,000 
113,345 
121,780 

$385,125 

M.E. INTSORMIL/EgypthNARP 

Nebraska/Kansas St. 
Social Science Research 
Adaptation of Plants to Soil Stress Workshop 

1991 

1991 
1992 

3 years 

1 year 
1year 

156,727 

31,600 
25,000 

$470,183 

31,600 
25,000 

$ 526,783 

Total Buy-Ins $ 9,2,6,298 
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INTSORMLL Sponsored and Co-Sponsored Workshops 1979 - 1992
 

Name 

1. International Short Course in Host Plant Resistance 

2. INTSORMIL PI Conference 

3. West Africa Fanning Systems 

4. Sorghum Disease Short Course for Latin America 

5. International Symposium on Sorghum Grain Quality 

6. International Symposium on Food Quality 

7. Agrimeteorology of Sorghum and Millet in the Semi-Arid Tropics 

8. Latin America Sorghum Quality Short Course 

9. Sorghum Food Quality Workshop 

10. Sorghum Downy Mildew Workshop 

11. Plant Pathology 

12. Striga Workshop 

13. INTSORMIL PI Conference 

14. INTSORMIL-ICRISAT Plant Breeding Workshop 

15. llybrid Sorghum Seed Workshop 

16. Stalk and Root Rots 

17. Sorghum in the '80s 

18. Dominican Republic/Sorghum 

19. Sorghum Production Systems in Latin America 

20. INTSORMIL PI Conference 

21. Primer Seminario National Sobre Produccion y Utilizacion del Sorgo 

22. Evaluating Sorghum for Al Toxicity in Tropical Soils of Latin America 

23. First Consultative and Review on Sorghum Research in the Philippines 

24. INTSORMIL Graduate Student Workshop and Tour 

25. International Sorghum Entomology Workshop 

26. INTSORMIL PI Conference 

27. Niger Prime Site Workshop 

28. Sorghum Seed Production Workshop 

29. International Millet Conference 

30. Maicillos Criollos and Other Sorghum in Middle America Workshop 

31. INTSORMIL PI Conference 

32. 2nd Global Conference on Sorghum/Millet Diseases 

33. 6th Annual CLAIS Meeting 

34. International INTSORMIL Research Conference 

35. INtSORMIL Graduate Student Workshop and Tour 

36. ARC/INTSORMIL Sorghum/Millet Workshop 

37. Workshop on Sorghum Nutritional Grain Quality 

38. Sorghum for the Futurt. Vorkshop 

39. INTSORMIL PI Conference 

40. Social Science Research and the CRSPs 

Where When 

College Station, Texas 1979 

Lincoln, Nebraska 1/80 

West Lafayette, Indiana 5/80 

Mexico 3/81 

ICRISAT 10/81 

Hyderabad, India 10/81 

ICRISAT 1982 

El Batan, Mexico 4/82 

El Batan, Mexico 4/82 

Corpus Christi, Texas 6/82 

CIMMYT 6/82 

Raleigh, North Carolina 8/82 

Scottsdale, Arizona 1/83 

CIMMYT 4/83 

Wad Medani, Sudan 11/83 

Bellagio, Italy 11/83 

ICRISAT 1984 

Santo Domingo 1984 

CIMMYT 1984 

Scottsdale, Arizona 1/84 

Santo Domingo, Dominican Republic 2/84 

Cali, Colombia 4/84 

Los Banos, Philippines 6/84 

College Station, Texas 6/84 

College Station, Texas 7/84 

Lubbock,Texas 2/85 

Niamey, Niger 10/85 

CIMMYT 10/85 

ICRISAT 4/86 

Tegucigalpa, Ilonduras 12/87 

Kansas City, Missouri 1/87 

Harare, Zimbabwe 3/88 

San Salvador, El Salvador 12/88 

Scottsdale, Arizona 1/89 

College Station, Texas 789 

Wad Medani, Sudan 11/89 

West Lafayette, Indiana 2/90 

Cali, Colombia 1/91 

Corpus Christi, Texas 7/91 

Lexington, KY 6/92 
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Acronyms
 

AAA/SFAA American Anthropological Assoclatlon/Sodety for Applied Anthropology
 

ABA Absclsic Acid
 

ADC's Advanced Developing Countries
 

ADIN Nursery for Disease and Insect Resistance
 

ADRA Adventist Development and Relief Agency
 

A.I.D Agency for International Development 

AID/H Agency for International Development in Honduras 

ALDEP Amble Lands Development Program 

APHIS Animal and Plant Health Inspection Service, U.S. 

ARC Agricultural Research Corporation, Sudan 

ARS Agricultural Research Service 

ASA American Society of Agronomy 

ATIP Agricultural Technology Improvement Project 

BIFAD Board for International Food and Agricultural Development 

CARE Cooperative for American Remittances to Europe, Inc. 

CARS Central Agricultural Research Station, Kenya 

CATIE Centro Agron6mico Tropical do Investigaci6n y Enserianza, Costa Rica 

CEDA Centro de Ensolanza y Adiestramlento, SRN, Honduras 

CEDIA Agricultural Document and Information Center, Honduras 

CENTA Centro de Technologia de Agricola, El Salvador 

CIAB Agricultural Research Center of the Lowlands, Mexico 

CIDA Canadian International Development Agency 

CIAT Intemational Center for Tropical Agriculture, Colombia 

CILSS Interstate Committee for Drought Control Inte Sahel 

CIMAR Centro do Investigaci6n en Ciencias del Mar y Uninologia, Costa Rica 

CIMMYT International Maize and Wheat Improvement Center 

CIRAD Centre de Cooporation Intemationale en Recherche Agronomique pour le Ddveloppement 

CLAIS Consajo Latir Americana do Investigadores en Sorgho 

CNPQ Conselo Nacional de Desenvolvimento Cientifico e Tecnologico 

CNRA National Center for Agricultural Research, Senegal 

CRSP Collaborative Research Support Program 

DAR Department of Agricultural Research, Botswana 

DR Dominican Republic 

DRI-Yoro Integrated Rural Development Project, Honduras-Switzerland 

EAP Escula Agricola Pan Americana, Zamorano, Honduras 

EARSAM East Africa Regional Sorghum and Millets 

ECHO Educational Concerns for Hunger Organization 

256 



Acronyms 

EEC European Economic Community 

EEP External Evaluation Panel 

EIME Ensayo Internacional de los Malcillos Enanos 

ELISA Enzyme-linked Immunosorbent Assay 

EMBRAPA Empresa Brasieira de Pesquisa Agropecuaria, Brazil 

EMBRAPA-CNPMS EMBRAPA-Centro Nacional para Maize e Sorgo 

ENA National School of Agriculture, Honduras 

ERS/IEC Economic Research Service/International Economic Development 

EZC Ecogeographic Zone Council 

FAO Food and Agriculture Organization of the Unitod States 

FENALCE Federacion Naclonal de Cultivadores de Coreales 

FHIA Fundacion Hondurena de Investigacion Agricola, Honduras 

FPX Federation of Agricultural and Agro-Industrial Producers and Exporters 

FSR Farming Systems Research 

FSR/E Farming Systems Research/Extension 

GASGA Group for Assistance on Systems Relating to Grain after Harvest 

GOB Government of Botswana 

GOH Government of Honduras 

GTZ German Agency for Technical Cooperation 

IAN Institute Agronomia Nacional, Paraguay 

IANR Institute of Agriculture and Natural Resources 

IARC International Agriculture Research Center 

IBM International Business Machines 

IBSNAT International Benchmark Soils Network for Agrotechnology Transfer 

ICA Institute Colombiano Agropecuaric/Colombrian Agricultural Institute 

ICARDA International Centre for Agricultural Research in the Dry Areas 

ICRISAT International Crops Research Institute for the Semiarid Tropics 

ICTA Institute de Ciencias yTechnologia Agricolas, Guatemala 

IDIAP Agricultural Research Institute of Panama 

IDRC International Development Research Center 

IEF. Institute of Rural Economy, Mal 

IFPRI International Food Policy Research Institute 

IHAH Instituto Hondureno de Antropoogia e Historia 

IICA Institute Interamericano de Cooperaci6n para la Agricultura 

IIMYT International Improved Maicillo Yield Trial 

IITA International Institute of Tropical Agriculture 

ILCA Institute Interamedcano de Cooperacl6n para la Agriculture 

INCAP Institute 6e Nutricion de Centro America y Panama 

INFOP National Institute for Professional Development 

INIA Institute National de Invastigacions Agricola, Mexico 
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Acronyms 

INIAP National Agricultural Research Institute, Ecuador
 

INIPA National Agricultural Research Institute, Peru
 

INRAN Institute Nigerien du Recherche Agronomic, Niger
 

INTSORMIL International Sorghum/Milet, Collaborative Research Support Program (CRSP)
 

IPA Instituto do Pesqulsas Agronomicas, Brazil
 

IPIA International Programs inAgriculture, Purdue University
 

IPM Integrated Pest Management
 

;RAT Institute of Tropical Agriculture and Food Crop Research
 

IRRI International rfice Research Institute, Philippines
 

ISC ICRISAT Sahetn Center
 

ISRA Institute of Agricultural Research, Senegal
 

ITA Institut do Technologie Alirnentaire, Senegal
 

JCARD Joint Committee on Agricultural Research and Development
 

KARl Kenya Agriculture Research Institute
 

KIRDI Kenya Industrial Research and Development Institute
 

KSU Kansas State University
 

LDC Lesser Developed Country
 

LIFE League for International Focd Education
 

LUPE Land Use and Productivity Enhancement 

LWMP Land and Water Management Project 

MAFES Mississippi Agricultural and Forestry Experiment Station 

MC Maicillo Criollo 

ME Management Entity 

MFC Mechanized Farming Corporation, Sudan 

MIAC MidAmerica International Agricultural Consortium 

MIPH Honduran Inte;C.trl Pest Management Project 

MNR Ministry of Natural Resources, Honduras 

MOA Memorandum of Agreement 

MOA Ministy of Agriculture, Botswana 

MOALD Ministry of Agriculture and Livestock Development, Kenya 

MOU Memorandum of Understarding 

MRN Ministerio do Recursos Naturales, Honduras 

MSU Mississippi State University 

NARS National Agricultural Research System 

NSF National Science Fcundation 

NSP National Sorghum Program 

NSSL Natonal Seed Storage Laboratory 

NU University of Nebraska 

OAU Organization of African Unity 

PCCMCA Programa Cooperativo Controamericano para el Mejoramlento do Cultivos Alimenticlos 
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Acronyms 

PI Pincipal Investigator 

PL480 Public Law No. 480 

PRF Purdue Rerearch Foundation 

PRIAG Regional Program to Strengthen Agronomical Research on Basic Grains 

PSTC Program InSacience &Technology Cooperation 

PVO Private Volunteer Organization 

SACCAR Southern African Centre for Cooperation In Agricultural Research 

SADCC Southern Africa Development Coordination Conference 

SADCC/ICR!SAT/SMIP SADCC/ICRISAT Sorghum and Millet Support Program 

SAFGRAD Semi-Arid Food Grains Research and Development Project 

SANREM Sustainable Agriculture and Natural Resource Management CRSP 

SAT Semi-Arid Tropics 

SDM Sorghum Downy Mildew 

SICNA Sorghum Improvement Conference of North America 

SIDA Swedish Intemational Development Agency 

SRCVO Section of Food Crops Research, Mal 

SRN Socretaria de Recursos Naturales, Honduras 

TAES Texas Agricultural Experiment Station 

TAMU Texas A&M University 

TARS Tropical Agriculture Research Station 

TC Technical Committge 

TropSoils Topical Soils Collaborative Research Program, CRSP 

UNILLANOS Universidad Technologica de los Uanos 

UI'L University of NebrasKa - Uncoln 

USAIP United States Agency for International Development 

USDA United States Department of Agriculture 

WASAT West African Semi-Arid Tropics 

WASIP West Africa Sorghum Improvement Program 

WSARP Western Sudan Agricultural Research Project 

259 


