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INTRODUCTION

The 33rd North American Alfalfa Improvement Conference held at Atlanta,
GA, included two and one-half days of paper and poster sessions and
business meetings, a half-day scientific tour of the University of
Georgia Central Georgia Branch Station, and a full-day post-conference
tour of the University of Georgia Coastal Plain Experiment Station at
Tifton, GA, the USDA facilities at Byron, GA, and the Masstock Dairy
Farm. An evening industry supported awards banquet recognized Donald C.
Erwin, Bernard P. Goplen, Darrell A. Miller, Donald K. Barnes, and John
E. Baylor as 1992 NAAIC Honorary Members and Barbara W. Pennypacker as
the R. R. Hill Award winner. Bobby Rowan, Georgia farmer and Chairman
of the Public Works Commission, State of Georgia gave a presentation on
some of the local life in Georgia during the banquet.

This report includes abstracts of paper and poster sessions, committee
reports, history and information on distribution of conference reports
and membership. Contributing authors and their organization are
responsible for the information they present in this report. Those
wishing to reproduce any part of this report should consult the author.

Participation in the conference by workers in all disciplines of alfalfa
science was excellent. The 27th Forage Insect Workers Conference and
the NCR 138 Plant Pathology Committee also met during the conference.

Copies of this report and those of the 1982, 1984, 1986, 1988, and 1990
conferences are available at $10 each from the NAAIC Executive
Secretary, James H. Elgin, Jr., USDA/ARS/NPS, Bldg. 005, Rm. 328, 10300
Baltimore Avenue, Beltsville, MD 20705-2350. Checks should be made
payable to NAAIC.

33rd NAAIC Executive Committee 1990 - 1992

President J. B. Moutray
Past-President D. R. Viands
Vice-President G. R. Bauchan
Secretary M. McCaslin
Executive Secretary J. H. Elgin, Jr.
Western AIC Chairman L. D. Satterlee
Central AIC Chairman C. R. Grau
Eastern FIC B. R. Christie
Industry Comm. Chairman C. Fox

Host Comm. Chairman J. H. Bouton

34th NAAIC Executive Committee 1992 - 1994

President Gary Bauchan
Past-President Jim Moutray
Vice-President Mark MccCaslin
Secretary Real Michaud
Executive Secretary Jim Elgin, Jr.
Western AIC Chairman Don Miller
Central AIC Chairman Lanny Rhodes
Eastern FIC Allen Gotlieb
Industry Comm. Chairman Jim Moutray

Host Comm. Chairman Steve Bowley



Overview of a Decade of Medicago Interspecific Hybridization Research

T. J. McCoy
Department of Plant and Soil Science
Montana State University
Bozeman, MT 59717-0312

Research has focused on producing interspecific hybrids between alfalfa and other perennial Medicago species,
and subsequent use of the hybrids in alfalfa breeding and genetics. It is now possible to recover hybrids
between alfalfa and all other species of the subgenus Medicago. Successful hybridizations fall into two
categories: 1) hybrids recovered from seed and 2) hybrids that require ovule-embryo culture (1).

The first group includes crosses with M. sativa(2x) and M. glomerata(2x) and M. prostrata (2x), as well as,
M. sativa(4x) crossed with the following species: M. cancellata(6x), M. saxatilis(6x) and M. glutinosa(4x).
Group one also includes the unique combinations of M. sativa(2x) x M. dzhawakhetica(4x) and M. sativa(2x)
X M. papillosa(4x). Uneven ploidy levels are essential for recovering hybrids from these crosses, and all
progeny are triploid. Ovule-embryo culture is required to produce hybrids between M. sativa(2x) and the
following species (in order of increasing difficulty in hybrid recovery): M. rhodopea(2x), M. rupestris(2x), M.
dzhawakhetica(2x), M. papillosa(2x), M. daghestanica(2x), M. pironae(2x), M. hybrida(2x), M. suffruticosa(2x)
and M. marina(2x). In addition 4x hybrids can be recovered from M. sativa(4x) crossed with 4x accessions of
M. dzhawakhetica and M. papillosa.

Of the various hybrid combinations studied to date we have found M. dzhawakhetica and M. papillosa offer the
most potential. M. dzhawakhetica has a crown and root morphology that appear to confer excellent
winterhardiness. Selecting for this trait in backcross (BC) generations with M. sativa results in plants capable
of withstanding severe winterkill. M. dzhawakhetica has also been reported to be resistant to spring blackstem
and Verticilium wilt. Furthermore yield studies on 15 BC2 families showed that four of these families
outyielded the varieties used in backcrossing. Medicago papillosa also has excellent potential for alfalfa
improvement. One method we have been exploring is to produce alloautohexaploids with this species. These
novel hexaploids are chromosomally stable (2) and may be useful in some environments. Although these two
species offer novel germplasm there are significant hurdles to circumvent including: the requirement of using
uneven ploidy levels, limited genomic affinity between alfalfa and the wild species genomes (3), limited seed
set with the first backcross (because the F1 is triploid) and most of the first backcross progeny are pentaploid.

Medicago rhodopea(2x) and M. rupestris(2x) hybrids with 2x alfalfa have been extensively studied. Tetraploid
hybrids produced by somatic doubling with colchicine have also been examined. Yield studies have been
conducted on M. sativa x M. rhodopea backcrosses with M. sativa. At the 2x level three of 20 BCl1 families
outyielded the check. At the 4x level, 6 of 12 BC1 and 3 of 11 BC2 families outyielded the check. Yield
analysis was not conducted on the M. sativa x M. rupestris backcross generations because we observed
significant chromosome instability in the first backcross, where more than 25% of the BC1 progeny were
aneuploid. Although the potential of M. rhodopea and M. rupestris is not as great as for M. dzhawakhetica and
M. papillosa, all four of these species can be considered potential germplasm donors for alfalfa improvement.
The other hybrid combinations mentioned in group 2 will be much more difficult to utilize. At this point only
sterile hybrids have been recovered between M. sativa(2x) and the following: M. daghestanica, M. pironae, M.
hybrida, M. suffruticosa and M. marina.
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Alfalfa Germplasm and the Alfalfa Crop Advisory Committee

S. E. Smith
Department of Plant Sciences
University of Arizona
Tucson, AZ 85721

The Alfalfa Crop Advisory Committee (ACAC) provides advice and leadership on issues
pertaining to Medicago germplasm in the U.S. including germplasm collection, seed increase,
and evaluation. Members of the ACAC are appointed by the President of the NAAIC and
represent specific regions within the U.S., scientific disciplines, or industry groups. Most
of the committee's activities ultimately focus on administration of the U.S. Plant
Introduction (PI) collection of perennial and annual Medicago species. This collection, held
at Pullman, WA, contains nearly 2300 accessions of M. sativa, 387 accessions from other
perennial Medicago species, and 2260 accessions of annual Medicagos. Activities of the
committee are concentrated in four basic areas: 1) Prioritizing exploration and acquisition;
2) Management, description, and evaluation of the collection; 3) Recommending on personnel,
facilities, and research needs; and 4) Promotion and assessment of germplasm use. Recent
ACAC activities related to collection management, and evaluation are described below.

Since 1983, the ACAC has overseen a program to evaluate introductions of M. sativa for traits
that could be of value to germplasm users. A wide variety of traits have been evaluated,
including responses to many insects, diseases and abiotic stresses. Data from evaluations
is most readily accessible to users through the GRIN (Germplasm Resources Information
Network) computer database. A total of over 54,000 entries (accessions X evaluation values)
have been made into GRIN for M. sativa.

Evaluation data has been used by researchers to improve the usefulness of the Medicago PI
collections. For example, Don Barnes and coworkers (USDA-ARS, St. Paul, MN) have used
evaluation data to designate a reduced set of accessions of M. sativa that are representative
of the range of diversity within the entire collection. This "core collection", which
contains 200 accessions, should provide more efficient access to the collection, as well as
streamline the maintenance of the entire collection. Gary Bauchan (USDA-ARS, Beltsville, MD)
has also led the development of a core collection containing 204 accessions of annual
Medicagos from 35 species.

In order to better serve the users of germplasm the ACAC sent a Germplasm Use Questionnaire
to NAAIC members in North America in early 1992. A total of 102 questionnaires (28%) were
returned. One component of the questionnaire dealt with the general types of traits that
potential germplasm users might hope to locate in plant introductions. Over half of
respondents reported they might use Medicago germplasm from the PI collection as sources of
resistance to insects (55% of respondents) or diseases (52%). The next most commonly cited
uses were as sources of increased persistence (40%), and forage quality (38%), and novel
physiological traits (36%). Of the respondents, 53% had actually utilized Medicago PIs in
their work. Nearly half of these respondents (47%) reported they identified the accessions
utilized from printed catalogs. Only 25% had located the germplasm they utilized using GRIN,
the most complete and up-to-date source of information on this germplasm.

Respondents were also asked to identify State Univ., Pullman, WA 99164, (509) 335-
specific traits that should be evaluated in 1502.

the PI collection. Nearly all responses

concentrated on traits of importance in

perennial Medicagos. Most commonly listed Table 1. Number of M. sativa accessions
was resistance to potato leafhopper (34% of evaluated for traits questionnaire
respondents), alfalfa weevil (24%), clover respondents most commonly cited as deserving
root curculio (24%), and stem nematode (15%), evaluation.

and improved forage quality (15%), salinity
resistance (15%), and acid soil resistance
(13%). Of these seven traits, evaluation Trait Accessions in GRIN
data for M. sativa already exists on GRIN for
all but two (Table 1). This highlights the

need to improve access to evaluation data, potato leafhopper resis. 739
gspecla}ly through GRIN. Persons interested alfalfa weevil resis. 0

in receiving a GRIN usercode and instruction clover root curculio resis. 556
manual should contact John Belt, USDA/ARS, stem nematode resis. 0]

Room 118, Bldg. 001, BARC-West, Beltsville, forage quality 1097
MD 20705,.(301) 504-5145. Those interested salinity resis. (germ.) 1301
in receiving seed or information about the (mat. plt.) 881
Medicago collection should contact Dave acid soil resis. 352

Stout, USDA/ARS, 59 Johnson Hall, Washington




Exploring for Medicago ruthenica in Inner Mongolia

T. Austin Campbell,! L. R. Teuber,2 and D. P. Mowrey>

lUSDA/ARS, Soybean and Alfalfa Research Laboratory, Beltsville, MD 20705
2Depan‘tmeut of Agronomy & Range Science, University of California, Davis, CA 95616-8515
3USDA/ARS, Forage and Livestock Research Laboratory, P.O. Box 1199, El Reno, OK 73036

The Alfalfa Crop Advisory Committee of the National Plant Germplasm System determined that there
was a need for Medicago ruthenica in the System for improving the stress tolerance of cultivated alfalfa. An
exploration for this species was conducted in Inner Mongolia from August 15 to September 19, 1991. During
the expedition, seed and root-environment soil samples from 101 M. ruthenica populations were collected near
the cities of Hohhot, Tongliao, and Xilinhot. These are ecologically diverse sites within temperate steppe and
temperate desert steppe regions. Four populations identified as Medicago platycarpa were found bordering
Populus sp. plantings at elevations approaching 1300 m. Seed accessions are currently undergoing increase in
the US, and soil accessions are awaiting export clearance at the Soil and Fertilizer Institute in Beijing. Among
the associated genera found in the temperate steppe regions were Agropyron, Agrostis, Allium, Ambrosia,
Artemisia, Astragalus, Caragana, Hedysarum, Leymus, Medicago sativa sp. sativa and falcata, Polygonum,
Populus, Potentilla, Setaria, and Stipa. Some associated genera observed in the temperate desert steppe areas
were Agrostis, Artemisia, Aster, Digiteria, Lespedeza, Leymus, Quercus, Setaria, Stipa, Xanthium, and some
unidentified small trees. We collected seeds from one Avena, one Agropyron, two Astragalus, three Hedysarum,
seven Medicago sativa spp. falcata, nine Medicago sativa spp. sativa, and one Triticum populations.

Most of the M. ruthenica accessions were collected under heavy grazing pressure and/or heat and drought
stress. These genetic resources appear to be in danger of loss due to mismanagement of their native
environment. Most M. ruthenica plants exhibited some grazing tolerance due to a procumbent growth habit and
tillers that could reach 1 m in length. Erect plants were also noted and appeared to be associated with reduced
grazing pressure, although procumbent and erect plants could be found growing in the same location. We found
very few nodulated plants. Medicago ruthenica appeared to be quite drought tolerant, and we found little
evidence of insect damage on either the foliage or roots, although some appeared to have nematode damage.
Various insects parasitized the seed pods. Many of the M. ruthenica plants sampled were at least four years
old and exhibited crown rots, but no variation in response to this disease was noted. Although most pods were
dehiscent, there appeared to be variation for both time of suture opening and the ability to retain the seed in
the open pod. We concluded that the performance of much of the material collected during the exploration
would improve markedly under adequate moisture and fertility. Most local herdsmen were aware of the species
and indicated that it was a desirable plant for livestock production.

Medicago ruthenica is often much less prevalent at the top or bottom of a slope than in the middle. This
distribution pattern seems to be fairly ubiquitous in the areas we explored. We concluded that M. ruthenica is
limited on the upper slopes by exposure and drought, while on lower slopes it is limited by excess moisture
and/or competition from other species. Additionally, seeds produced by the upper slope plants, where
vegetation is spare, may be washed downhill by heavy runoff.

We were alarmed to learn that there may be no areas in Inner Mongolia (perhaps in the entire PRC)
which are comparable to US reserves or national parks. Essentially all of the grasslands are mowed and/or
heavily grazed before most of the pods ripen. This provides little opportunity for M. ruther'zica (and many other
species) to reproduce successfully. We believe that germplasm collections in these "at risk" areas should be

completed as rapidly as possible.



Development of an Annual Medic Core Collection

G. Bauchan’, N. Diwan?, and M. McIntosh?
'USDA/ARS, Soybean & Alfalfa Research Lab., Beltsville, MD 20705
University of Maryland, Agronomy Department, College Park, MD 20742

The annual medics are endemic to the Mediterranean region of the world. The annual medics ar? fast
growing, produce a large amount of biomass with a large number of pods. The seeds can remain viable in the
soil for long periods of time and are thus able to reseed themselves after a period of time. The annual medics
are used extensively in Australia were they are utilized to improve soil structure, increase soil nitrogen and as
a source of winter forage. The species most widely grown in Australia are: M. littoralis, M. polymorpha, M.
rugosa, M. scutellata, M. italica, and M. truncatula (Crawford, 1989).

There are 34 recognized species of annual medics and 3159 accessions of the annual medics in the U.
S. Plant Introduction collection. Although there is interest in the annual medics for use in sustainable
agricultural systems, the U. S. collection is under utilized due a lack of agronomic information. Development
of a core collection may be a method of condensing the collection of agronomic data on the available
germplasm to make it more accessible for utilization by breeders and agronomists. A core germplasm
collection is a small collection that represents the maximum genetic diversity with minimum repetitiveness.

During the summer of 1990 we grew 1220 accessions of the annual medics in the field at Beltsville, MD
for selection of a core collection. The criteria for choosing accessions within a species for evaluation were first
the place of origin, i. e. accessions were chosen to represent proportionally the countries of origin in the total
collection, and secondly the availability of seed. The accessions were evaluated for: 1) days to flower, 2)‘ days
to full pod, 3) biomass within a species, 4) biomass between species, 5) growth habit, 6) pod production, 7)
pod spines, 8) plant height, 9) plant width, 10) length of middle leaflet, 11) width of middle leaflet, 12)
internode length, 13) number of flowers per raceme, and 14) number of pods per raceme. Accessions were
selected for the core collection using cluster analysis (an unweighted pair group method using arithmetic
averages). The resultant 212 accessions, contains all 34 species and has one accession per cluster within a
species.

The species which appear to have the greatest potential use in the U. S. based on our evaluations at
Beltsville, MD are: M. scutellata, M, blancheana, M, italica, M., polymorpha, M, rugosa, and M. lupulina.
These species produced the largest amount of forage during the spring and summer months (June through
September). The species which flowered the earliest were M. scutellata [(47 days after planting (dap)], M.
blancheana (50 dap), M. laciniata (57 dap) and M, rotata (57 dap). Several species did not flower before a
killing frost occurred.

The significance of developing the medic core collection are: 1) the core contains a majority of the
genetic variability which exists in the entire collection, 2) the process of developing a core identified species
which need additional germplasm collections, 3) the core will make future evaluation of the annual medics more
efficient, and 4) the core has increased the utilization of the medic germplasm collection.

Further evaluations of the core are being conducted in seven locations (Athens, GA; Beltsville, MD;
Itha:ca, NY; Logan, UT; Pullman, WA; and St. Paul, MN; Tucson AZ) to determine if there are genotype X
environmental interactions and to allow researchers and interested individuals an opportunity to observe the
annual medics. Evaluation data will be entered into GRIN. There is a limited amount of seed available of each
accession in the core collection. Seed can be obtained by contacting Dr. Richard Johnson, USDA/ARS, P. 1.
Station, Washington State University, Pullman, WA 99164.
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L. D. Johnson, J. J. Marquéz-Ortiz, and D. K. Barnes
University of Minnesota and USDA-ARS, St. Paul, MN 55108

Knowledge about the inheritance of root traits could help determine selection procedures for developing alfalfa
populations with specifically adapted root types. McIntosh and Miller (1981) studied root branching using a
diallel cross. General combining ability (GCA) was important at one location, while specific combining ability
(SCA) was important at another location. Pederson (1982) studied several root traits using a six-cultivar variety
cross diallel. GCA was significant for root dry weight, root diameter at the crown, root diameter 15 cm below
the crown, number of lateral roots, and taproot branching. SCA was significant only for root diameter 15 cm
below the crown. The objectives of this research were to determine the inheritance of alfalfa for seven root
morphological traits, to determine the effect of plant spacing and location on these traits, and to correlate root
traits with dormancy and forage yield. Progenies of three, six plant diallels, and six, 4 x 4 and seven, 3 x 3
design II mating designs were evaluated. They were planted at Rosemount and at Becker, MN, in 30 cm rows
with 2.5 cm between plants within the row and 1 m between rows. The plots were evaluated for yield and fall
dormancy. In late October, the plants were dug and evaluated for taproot diameter (TD), secondary root
number (SN), secondary root diameter (SD), and secondary root position (SP), fibrous root mass (FIB), percent
determinate taproots (PD), and determinate taproot position (DP). Because plants from the ends of rows had
more space to grow they were evaluated separately from plants in the middle of the rows. Plant spacing
effected root morphology, but few genotype X position within plot effects were observed. Location affected
root morphology,, but few genotype X location effects were observed. General combining ability (GCA), but
not specific combining ability (SCA), was significant for TD, SN, SD, SP, FIB. These traits had moderate
to high heritabilities of 0.53, 0.67, 0.64, 0.64, and 0.81, respectively, based on half-sib family means from
design II analyses. Neither GCA nor SCA was significant for PD and DP. These traits had low heritabilities.
TD and SD were the root traits most correlated with forage yield. Selecting for increased TD, SN, SD, SP,
or FIB at either location using uniform (either spaced or solid seeded) plots should be effective. More research
is necessary to find an environment in which selection for PD and DP could be effective.
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Taproot Protein Reserves and Performance of Alfalfa

JJ. Volenec, S.M. Cunningham, and B.S. Ruff
Department of Agronomy
Purdue University
West Lafayette, Indiana 47907-1150

Total nonstructural carbohydrates (TNC) in taproots of alfalfa are thought to be essential for
growth in spring and regrowth after harvest, but we have observed little association between
genetic differences in taproot TNC concentrations and alfalfa regrowth (1, 2, 3, 4). We recently
initiated studies focusing on other taproot constituents that may be important in alfalfa growth and
stress tolerance, including taproot proteins. Results from a study where plots were sampled at ca.
three-week intervals from fall to late spring indicate that téproot protein concentrations increase in
late fall as plants harden for winter [(Fig. 1), 5]. Like TNC, taproot protein concentrations decline
extensively in spring as plants resume growth. Defoliation in summer also results in declines in
both taproot proteins and soluble amino acids (Fig. 2). In both studies use of taproot proteins
occurs during periods when dinitrogen fixation 1s very low (early spring, immediately after
defoliation). At these times mobilization of taproot proteins and amino acids occurs to meet the N
needs of growing shoots until dinitrogen fixation resumes after which taproot protein levels return
to normal concentrations (Fig. 2, Days 25+). “

Several specific taproot froteins are very abundant in taproots of alfalfa and these are prefer-
entially used as sources of N during growth in s%)ring and regrowth after harvest. These vegetative
storage proteins (VSP's) are found only in alfalfa taproots (not in seeds, stems, leaves, or nodules)
and appear to be unique to alfalfa (they are not found in taproots of trefoil, clovers, and
sweetclover). We have used ineffective nodulating alfalfa mutants that do not accumulate VSP's to
verify their importance in shoot regrowth. Fertilizing ineffective plants with N during late regrowth
stimulates VSP accumulation. When transplanted into a low-N environment, ineffective plants
with VSP's have twice the shoot regrowth rate when compared to ineffective plants lacking VSP's.
Future work will focus on regulation of expression of VSPpgenes, localization of VSP's within cells,
and the distribution of VSP's among annual and perennial Medicago species. ‘
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J.J. Marquez-Ortiz, L.D. Johnson, and D.K. Barnes
University of Minnesota and USDA-ARS
St. Paul, MN 55108

Information about the inheritance of crown morphology in alfalfa can be valuable for deciding which selection
methods to utilize when developing populations with specific crown morphology traits (Marquez-Ortiz et. al.,
1991). For example, the crown morphological characteristics: crown area, number of stems and number of
crown buds, were associated with persistence and grazing tolerance in alfalfa (Brummer and Bouton, 1991).
Most studies about the alfalfa crown have been limited to crown diseases and little information exists about the
inheritance of crown morphological traits. The objectives of this study were to determine the inheritance of
crown morphological characteristics in alfalfa, to determine the effect of plant spacing and location on crown
morphology, and to determine the relationship between crown morphology and forage yield.

Progenies of six 4x4 and seven 3x3 design II mating designs were grown at Rosemount and Becker, MN from
May to October of 1991. All plants were direct seeded in 30 cm-row plots with 2.5 cm between plants within
the row and 1 m between rows. Forage yield was measured in three harvests during the growing season. All
plots were scored for fall dormancy in October 1991. In late October, the plots were undercut to a depth of
25 cm. The plants were pulled, washed and photographed. Crown depth (CD), crown width (CW), number
of crown stems (NCS), crown stem width (CSW), and number of crown buds (NCB) were evaluated from the
photographs using 1(=low) to 5(=high) scoring systems. Plants at both ends of each plot were evaluated
separately from the center 10 plants to account for plant space effects on the traits measured.

Plant spacing affected crown morphology. Small entry x spacing interactions were observed. Location affected
crown morphology: crowns were deeper at Becker (sandy soil) as compared to Rosemount. All the other traits
had higher means at Rosemount compared to Becker. Entry by location effects were only significant for NCB
(P>0.01). Additive and dominance variances were both significant for CW and NCS. Additive variance was
higher in magnitude than dominance variance. Only additive variance was significant for CD, CSW, and NCB.
CW, NCS, and CSW had moderate heritability values of 0.36, 0.50 and 0.45 respectively, based on half-sib
family means from the design II analysis. CSW was the only crown trait correlated with fall dormancy
(r=0.68). Correlations between crown characteristics and forage yield were low. Selection for increased CW,
NCS, and CSW should be effective at both locations utilizing either spaced or solid seeded plots.
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P.M. Schwab, D.K. Barnes, C.C. Sheaffer, and P.H. Li
University of Minnesota and USDA-ARS
St. Paul, MN 55108

Winterhardiness is a major factor limiting the persistence of alfalfa stands in northern climates. The complex
nature of the trait makes it difficult to evaluate and to predict. Cold-tolerance, fall dormancy, pest resistance
and harvest management may all influence the winterhardiness of a cultivar. It is difficult for a single indirect
test to consider all of these factors. Cold-tolerance is one of the major factors contributing to winterhardiness.
Schwab et. al. (1991) developed a laboratory test designed to test the cold-tolerance of mature alfaifa plants
by measuring recovery following freezing. The objective of the present research was to further standardize
the test methodology and to compare the cold-tolerance of crown and root tissues for alfalfa cultivars.

Ten alfalfa cultivars were seeded at Rosemount, MN in 5.5 m rows 1 m apart in early June of 1991. The
cultivars were ‘5262°, ‘5432°, ‘Arrow’, ‘Commandor’, ‘DuPuits’, ‘Epic’, ‘Magnum III’, ‘Moapa 69°, ‘Profit’,
and ‘Spredor 2°. Plants were mowed in July and September. They were dug after undercutting to a 25 cm
depth in early November. Plants were washed, clipped at 5 cm above the crown and 10 cm below the crown,
bundled into groups of five, and stored at -2° C. After digging, the plants never left the -2° C cold room. One
bundle of each entry was packaged into a 12x6x6 cardboard box containing 10 cm of dry vermiculite. The
boxes were placed in a controlled freezing chamber where the temperature was lowered 4° C every 1.5 hours.
Boxes were removed from the freezer following -12, -16, -20, and -24° C treatments. Following freezing, the
plants were thawed for 12 hours at 4° C. Plants were planted in greenhouse sandbenches and allowed to
regrow for 3 weeks. Roots and crowns were scored separately for injury and recovery.

Alfalfa cultivars differed in root and crown survival scores at -12° C, and -16° C, but at -20° C there were
no significant differences among cultivars for either root or crown survival scores. At -24° C all plants were
dead. Although average root survival scores were correlated with average crown survival scores (r=0.93
P <0.001), cultivar rank for crown survival was not the same as cultivar rank for root survival. Crown and
root survival scores decreased linearly with decreasing temperatures for most cultivars; however, 5262,
Magnum IIT and Commandor crown survival scores had a quadratic response to decreasing temperatures.
Change of crown survival scores with decreasing temperatures differed among cultivars and was related to
average crown survival score (r=0.92 P<0.001). Change in root survival score with temperature was not as
strongly associated with average root survival score (r=0.67 P<0.05). This evidence suggests that alfalfa
cultivars have differential responses to a freezing stress, and that root and crown tissue respond differently.

Average cultivar crown survival scores from the laboratory experiments were correlated with the surv1val
(scored in May 1992) of overwintered plants in the field at Rosemount, MN (r=0.68 P<0.05). Field survival
was not significantly correlated with the average root survival score from the laboratory expenments The
ability to regrow from below a damaged crown seemed to be an important trait for survival in botlw the
laboratory and field studies. The correlation of the laboratory test with field survival suggests that this should
be a useful method for laboratory testing of alfalfa cold-tolerance.
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Variation between alfalfa cultivars for mineral content

R.G. Simons
Agriculture Canada Research Station
P.O. Box 1000A, R.R. #3
Brandon, Manitoba. R7A 5Y3

Routine tissue analysis of alfalfa from across Manitoba shows that most is marginal or
deficient in copper for cattle feed and marginal or low in sulphur for alfalfa growth. A
study was therefore initiated to determine if plants differ in their level of these elements,
or in their ability to grow well on a low S supply.

Plant samples were taken from an existing alfalfa test, growing on a clay-loam soil and
fertilized with annually with P and S. The soil had adequate levels of most of the minerals,
although the S was marginal. 1Individual plants were sampled on 9 June, 5 days before the
first harvest, by cutting 5 cm above ground level. Four plants of each of 35 cultivars were
analyzed for N, P, K, S, Ca, Mg, Zn, Fe, Mn and Cu.

Despite the small sample size, cultivars differed significantly for P, K, S, Ca, Mg and Cu
(Table 1). Those cultivars with the greatest proportion of falcata background, including
Ufimovskaya 7, Drylander, Rangelander and Rambler, had the lowest concentrations of S. A
comparison of alfalfa populations had similar results (2). High S cultivars included Husky,
Blazer and Nitro. All plants were within the range of S required for normal growth.
Unusually, the falcata types tended to have the highest yield, which was negatively
correlated with S content.

The concentration of Cu was highest in the cultivars Primal, AP 40, Victoria and Nitro, each
having over 6 ug.g'. Angus, Rangelander and WL 222, by contrast, had about half that
concentration. The level of Cu in forage needed to meet the animal’s requirements is
5-10 pg.g' (1) which was not met in nearly half of the cultivars, and the remainder had
marginal levels.

The variation between cultivars in Cu content, taken with the lack of correlation between Cu
content and yield, suggests that farmers in areas prone to Cu deficiency in forage could
alleviate this by selecting an appropriate cultivar. Currently, further samples are being
analyzed to confirm these findings and to provide information for recommendations.

Table 1. Variation in mineral content of selected alfalfa cultivars.

yield P K S Ca Mg Cu
t.ha’ mg.g" pg.g?
L ] *% &k * % % * * Y% * % o % e
Husky 3.7 2.54 30.5 3.40 17.3 3.46 5.53
Blazer 4.2 2.47 30.1 3.32 13.7 3.09 5.61
Nitro 1.8 2.63 30.1 3.32 14.8 3.26 6.06
Rambler 4.4 2.34 30.8 2.56 15.1 3.48 4.84
Drylander 5.1 2.45 32.6 2.55 14.8 3.08 5.25
Ufimovskaya 7 4.9 2.28 27.9 2.50 12.9 3.16 - 4.89
Primal 3.6 2.39 28.4 3.18 16.3 3.45 6.43
AP 40 4.3 2.75 34.1 3.08 15.6 3.46 6.32
Victoria 4.4 2.53 27.7 3.15 13.9 3.09 6.11
WL 222 3.5 2.32 32.5 2.84 14.9 3.26 3.56
Rangelander 4.8 2.49 33.1 2.56 15.4 2.74 3.11
Angus 3.5 2.61 32.8 2.93 14.1 2.91 3.04
SE 0.2 0.12 1.1 0.20 0.89 0.21 0.40
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Utilizing 28 Years of Alfalfa Variety Trials Data For Extension
Programming. "Cards to Computers"”

D. W. Graffis
Department of Agronomy
University of Illinois
Urbana, Illinois 61801

Alfalfa variety trials have been conducted at the University of
Illinois for many years and have been reported annually in the
Forage Crop Variety Trials in Tllinois report. The data reported
include (a) individual harvest dry matter yields, (b) % of Check
Variety yield for annual yield and multiple year averages, and
occasionally (c) vigor, stands, insect, and disease ratings.

An Index Card (10.16 x 15.24 cm) record system was initiated in
1963. Each variety in trial had a card and each card had data of
all trial sites and years for the variety. The data recorded was %
of Check Variety Yield. Check varieties were: Atlantic, Buffalo,
Ranger and Vernal.

Check varieties selected in late 1960's were: Atlantic, Buffalo,
Cody, Narragansett, Ranger and Vernal.

In the early 1970's, the Central Alfalfa Improvement Conference
suggested uniform "Check Varieties" for alfalfa variety trials in
the Central Region of the United States. The varieties suggested
were: Dawson, Kanza, Saranac and Vernal.

In 1979, the "Check Varieties" selected were: Baker, Riley, Saranac
AR and Vernal and have been used for "checks" through 1992.

A computer with Lotus 123 spreadsheet replaced the Index Cards in
1984. The filing system identified 3 geographic and climatic
regions of Illinois: Northern, Central, Southern. The regional
system (a) reduced the size of files, (b) speeded retrieval of
data, and (3) facilitated data use on a regional basis for more
site specific variety selection suggestions for extension
clientele.

Each variety in a Regional Trial has an entry line in the
spreadsheet. Each data entry of % of Check Variety Yield is
entered on a separate line with other data entries of that variety
for Production Year Yield or Seeding Year Yield. All data of a
variety are grouped, line by line on the spreadsheet and the %
Check Average is calculated. Seeding year yields are not used to
obtain the % Check Average.

The ExFension use of the data has been to rank varieties by yield,
searching for top performing varieties. The criteria for ranking
includes: (a) 3 years or more of production after seeding year in
the Region to assess winter survival and persistence of yield; and
(b) a statement from merchants that the variety will be marketed in
Illinois during the ensuing marketing year.
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Energy Exchange of Dormant and Nondormant Alfalfa Types

M. J. Hattendorf, D. W. Evans, and R. N. Peaden
Washington State University and
USDA-Agricultural Research Service
Prosser, Washington

Dormant alfalfa types have lower canopy temperatures (Tc) and higher
leaf stomatal conductance than nondormant alfalfa types (Hattendorf et al.
1990). Higher transpiration per unit leaf area indicates intrinsic
differences between the dormant and nondormant alfalfa types, which may
lead to differences in evapotranspiration on a canopy basis. The purpose
of this study was to document energy exchange and evapotranspiration of
dormant and nondormant alfalfa types on a continuous, diurnal basis with
energy balance methods.

‘Vernal’ (dormant), ‘CUF 101' (nondormant), and ‘Moapa 69'
(nondormant) were seeded in April 1989 in adjacent 4.6 m square plots.
Border areas were seeded to Vernal with at least 50 m of fetch to all
directions but east. The alfalfa was sprinkle irrigated. After the first
cutting on 21 August 1989, energy balance instrumentation was installed in
the alfalfa plots. Each cultivar plot had one net radiometer and one
infrared thermometer. Wind speed, relative humidity, and air temperature
were recorded adjacent to the plots at 0.5 m above the canopy. Data were
scanned by datalogger every 10 s and averaged or totalled at 30 min
intervals.

The (Tc) of Vernal was cooler than Tc of Moapa 69 and CUF 101,
indicating that transpirational rates on a unit leaf area basis were
greater for Vernal, the dormant type. Further analysis showed Vernal with
lower evapotranspiration rates, however, than the nondormant types because
Vernal crop height (and therefore leaf area) was less than CUF 101 and
Moapa 69 heights. (Crop height is a crucial factor in energy balance
calculations and serves as a crude indicator of leaf area index). Vernal
canopy resistance averaged 75% of CUF 101 canopy resistance, while
cumulative evapotranspiration of Vernal over the measurement period was 91%
of CUF 101 evapotranspiration. During the study, winds were primarily
easterly instead of the usual westerly, causing fetch to be inadequate most
days of the study. ~Analysis of these data showed that Vernal was more
sensitive to advected energy than CUF 101 or Moapa 69, with increased
evapotranspiration a main effect. Had fetch been appropriate during the
study, differences between Vernal and CUF 101 ET would have been
accentuated. If Vernal was the same height as CUF 101, Vernal ET would
have been 13% greater than CUF 101 ET. Results of this study and
Hattendorf et al. (1990) indicate that alfalfa Tc and ET differ by dormancy
type, and ET is affected by rates of crop growth and therefore leaf area.
Irrigation scheduling based on Tc and vapor pressure deficit regressions
will be inaccurate if a dormant-type relationship is used to schedule a
nondormant alfalfa type, and vice versa. Users and developers of crop
coefficient curves for irrigation scheduling with alfalfa as the reference
crop may need to make adjustments in crop coefficients to account for these
differences in alfalfa ET between dormancy types, which are grown in
different regions of the country.
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B.P. Goplen, R.E. Howarth, G.L. Lees and M.Y. Gruber
Forage Section, Research Station
Research Branch, Agriculture Canada
Saskatoon, Saskatchewan, Canada S7N 0X2

Pasture bloat in cattle is caused by the formation of a persistent foam
which traps fermentation gases in the reticulo-rumen. It was found that
soluble proteins and chloroplast particles in the leaves acted as foaming
agents and were the major plant constituents responsible for pasture bloat.
Research on breeding a bloat-safe alfalfa was initiated at Saskatoon in
1970. For the first 10 years of this program, major efforts were directed
toward determining the causal factors of bloat. A number of theories were
formulated, tested and discarded including: Fraction I Protein, Total
Soluble Proteins, Foam Volume, and Saponins. The Cell Rupture Theory was
proposed based on the demonstration that leaf mesophyll cells of bloat-safe
legume species were more resistant to mechanical and microbial rupture than
cells of bloat-causing species. It was subsequently found that the initial
rates of digestion (IRD) were slower for bloat-safe legumes (sainfoin,
birdsfoot trefoil cicer milkvetch) than for bloat-causing legumes (alfalfa,
red clover, white clover). From a study of IRD of bloat-causing and
bloat-safe legumes it was estimated that a 25-30% reduction in IRD would be
required to develop a bloat-safe alfalfa cultivar. Breeding for reduced IRD
in alfalfa resulted in a 15% reduction after three cycles of selection.
However, a fourth cycle of selection indicated no further progress. The
cycle 4 LIRD synthetic seed will be used for uniform alfalfa tests and in
pasture trials to assess the reduction in bloat incidence. The LIRD
synthetic of alfalfa must demonstrate a significant reduction in bloat
incidence before it will be considered for release as a new variety, even
on an interim basis.

Bloat-safe traits in bloat-safe legumes were found to include: LIRD,
‘reticular vein structure, thick mesophyll/epidermal cell walls, and
condensed tannins. Of all these traits, we believe condensed tannins are
the key to the development of a bloat-safe alfalfa. Data accumulated in the
literature indicate that tannins in the foliage would render alfalfa
completely bloat-safe. In addition, tannins should provide a “rumen bypass”
mechanism to protect alfalfa proteins from excessive breakdown and loss in
the first two stomachs. There 1is also evidence to suggest reduced
proteolysis in silage making and pest resistance from high tannin forage.
To this end, we have initiated a comprehensive program in flavonoid
biotechnology. The program is multidisciplinary and encompasses analytical
chemistry, biochemistry, molecular biology, physiology, cytology, rumen
microbiology and nutrition, and plant breeding. The major thrust is to use
molecular biology techniques to genetically engineer alfalfa foliage to
produce palatable condensed tannins. This includes a study of the metabolic
pathways and the purification, characterization, and manipulation of
flavonoid genes. Condensed tannins from a wide array of legume genera are
being purified and analyzed to determine their chemical profile and
composition. These profiles are being analyzed for any correlation with
known biological/nutritional properties. To achieve these objectives and
long-term goals, active collaboration has been established with a number of
outside laboratories and institutions.
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CAN LONG-TERM ALFALFA FORAGE YIELDS BE PREDICTED
FROM SHORT-TERM TRIALS?

S. N. Acharya and G. B. Schaalje
Research Station, Agriculture Canada, Lethbridge,
Alberta T1J 4B1, Canada

Alfalfa cultivar registration and recommendations are based on forage trials that are
harvested for three or four production years. Alfalfa hay producers in western Canada,
however, often keep their stands in production for more than four years and seek information
regarding the cultivar performance on a long-term basis. Four alfalfa forage yield trials grown
in western Canada were harvested for five or six years to determine validity of long-term cultivar
recommendations based on three or four years’ data.

Error and cultivar covariance matrices varied from trial to trial, but high correlation
coefficients (r > 0.9) among mean cultivar yields during later production years’, suggested that
cultivar rankings for year 5 and 6 can be predicted from year 3 and 4 data, respectively. While
this is encouraging, more quantitative information about cultivar differences are necessary for
economic analyses and recommendations.

The predictability (p) of cultivar differences in their long-term yields was assessed using
an efficiency measure based on a multivariate linear model defined as:

p = [msepd(m, m, 4)/msepd(a, m, r)]'? x 100

where, msepd = mean squared error associated with a predicted difference between cultivars, m is
a vector of constants specifying the long-term yield of interest, a is a vector of constants specifying
the short-term predictor and r is the number of replications.

Cultivar differences for the fourth, fifth and sixth year yields using the first three years data
were not always predictable. Cultivar differences for the four-, five-, and six-year total yields,
however, were predictable using equally weighted combinations of three, four, and five years’ data,
respectively. Four replicates were sufficient for predicting the four- or five-year total yield, but
more replicates were needed for predicting the six-year total yield.

This paper starts the process of accumulating information on how long alfalfa cultivar trials must
be carried on, how many replications are required, and what predictors should be used in predicting
long-term cultivar differences. The usefulness of the statistical measures suggested in this paper
need to be tested using more alfalfa yield trials for which long-term yield data are available.
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Expanded Harvest Management of First-Cutting Alfalfa in Kansas

D.L. Starkey and J.P. Shroyer
Extension Agronomy
Kansas State University
Manhattan, Kansas 66506

Management systems have affected stand persistence, forage yield and/or quality of alfalfa
(Medicago sativa L.) at various locations in the United States: Minnesota (1), Georgia (2),
Kansas (3), Iowa (4), South Carolina (5), etc. Harvest schedules for alfalfa in Kansas are
occasionally governed by threatening weather, feed shortages, quality demands, insect
control, etc. Current information is thus needed regarding the effects of varying management
systems on stand persistence and quantity and quality of forage produced. The objectives of
our applied research study were: 1) determine the effect of first-cutting management on
cumulative forage yield and quality, 2) investigate the impact of this management on stand
persistence over two consecutive years of similar treatments and 3) update existing Kansas
Extension recommendations regarding early season harvest management.

The 4-site year alfalfa cutting management study was conducted on producer established fields
in NE Kansas (rainfed) and Central Kansas (irrigated) and involved eight first-cutting
treatments (trts) based on stage of maturity. The soil at the rainfed location (RL) was a
Reading silt loam. The experiment was conducted on a 5-year-old stand of ‘Kansas Common’.
The soil at the irrigated location (IL) was a Crete silt loam and the alfalfa field was a 5-
year-old stand of ’Endure’. Early-cut trts (EC) were made at the vegetative and early-bud
stage; optimum-cut trts (OC) at late-bud and 10, 25, and 50%-bloom stage; and late-cut trts
(LC) were cut at 75-100% bloom and seed pod development. Subsequent cuttings for all
treatments occurred at 10%-bloom or when regrowth for the next crop was observed at the
crown. Preliminary results indicate significantly lower (P<.05) total yield (TY) at the RL
for EC-veg. stage while no differences in TY were noted at the IL among EC, OC and LC. Total
crude protein (TCP) of EC-veg. stage was lower than OC at the RL, however, TCP of EC-veg.
stage was higher than any other trt at the IL. Neutral detergent fiber weighted by yield
(YNDF) was highest for EC-veg. stage at RL and lowest for OC at IL. In Vitro digestible dry
matter weighted by yield (YIVDDM) was highest for EC, late-bud and 10%-bloom stage trts at
RL and highest for 10%-bloom stage and lowest for the LC at IL. Relative feed values
weighted by yield (YRFV) were higher for the EC-early-bud stage and 0C-late-bud stage than
other trts at RL. Optimum-cut trts (late-bud and 10%-bloom stage) had higher YRFV than EC
and LC at the IL. Percent crown cover (CC) for the 0C, with the exception of the late-bud
stage, was higher than those of EC at the RL. At the IL, EC-veg. stage had the lowest CC
over all trts. Stem counts of OC, with the exception of late-bud stage, and LC at the RL were
higher than those of EC; the stem counts of OC were higher than those of EC at the IL. Root
total nonstructural carbohydrates (TNC) at 0C-10% and 25%-bloom stage were higher than those
of EC and LC at the RL while root TNC of the EC-veg. stage was lowest of all trts at the IL.
Application of these data for the producer suggest that management strategies involving EC
(vegetative stage) would be detrimental to cumulative tonnage and quality (TCP and YNDF).
Based on YRFV and YIVDDM data, LC also produced low quality forage. Early-cut trts and OC-
late-bud stage caused a reduction in stand persistence over the 2-year study. However, at
the IL, EC produced comparable yields and superior quality to OC but again at the cost of
stand persistence. Based on our study, Kansas alfalfa producers should avoid stressful early

and late first-cutting harvest times which will result in an accelerated loss of stands in
old fields.
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Management Practices of Oklahoma Alfalfa Producers

K. T. Shelton
Department of Entomology
Oklahoma State University

Stillwater, Oklahoma

Alfalfa hay is the second most important crop in Oklahoma. With approximately 400,000 - 500,000
acres harvested annually, alfalfa has a potential value of up to $180 million of income.

In 1988, the first of a 3-part questionnaire was mailed to 4,000 producers, the second and third parts
of the questionnaire were mailed to the 520 respondents of part one. Producer responses were 371 for
part two and 397 for part three. In 1991, a questionnaire was mailed to 143 producers who had
participated in HAYMARKET from 1982 - 1990. Producers completed 85 (59.4%) of the questionnaire.
The following figures are a comparison between those surveys.

In 1988, respondents indicated that 93% of the alfalfa was dryland and 7% was irrigated. In 1991,
respondents indicated that 79% of their alfalfa was dryland and irrigated increased to 21%. In 1988,
31.4% of the respondents indicated that increased yield was the reason they selected a variety, compared
to 1991, where 48.4% indicated increased yield. In 1988, 16% indicated that increased stand life was more
important compared to 25.7% in 1991. In 1988, 25% selected a variety based on insect resistance but only
17.9% in 1991 selected a variety for that reason. Disease resistance was also higher in 1988 with 18.2%
compared with 9% in 1991.

In 1988, 37% of the alfalfa in Oklahoma was planted to a common variety and 63% was planted
to a named variety. In 1991, only 22.5% was planted to a common variety with 77.5% planted to a named
variety. In 1988, of the 63% planted to a named variety, 27% was planted to an OSU recommended
variety. In 1991, of the 77.5% planted to a named variety, 64.5% was planted to an OSU recommended
variety.

In 1988, 41% of the producers treated for insects by visible damage, 14% treated on a scout
recommendation, and 7% treated on an applicator recommendation. In 1991, visible damage dropped to
35.7%, scouting reports increased to 29.8%, applicator recommendation decreased to 2.4%, and 32.1%
indicated they treated on actual insect counts. In treating for alfalfa weevils, there is virtually no
difference in chemical use from 1988 to 1991

In 1991, 38.3% indicated that it is always profitable to keep the fertility adequate on established
stands, and 43.2% indicated that it was usually profitable to keep the fertility adequate. 14.8% indicated
it was seldom profitable, and 3.7% indicated that it was never profitable to keep fertility adequate. In
1988, 12.7% indicated they apply fertilizer yearly compared with 52.6% that apply fertilizer yearly in 1991.
No difference in those that apply every 2 - 3 years, no difference in those that apply every 3-4 years, but
in 1988, 45% did not apply fertilizer at any time, and in 1991, that number was reduced to 10.3%.

In 1988, only 12% of the producers soil sampled established stands, while in 1991, that number
increased to 37.3%. No difference in 2 - 3, or 3 - 4 years, but in 1988 45% never soil sampled established
stands and that number decreased to 20.5% in 1991. In 1988, 54% of the alfalfa hay was not sold, and
of the hay that was sold, 54% went to the dairy industry. In 1991, only 8% of the alfalfa hay was not sold,
and of the hay that was sold, 66% went to the dairy industry.
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Volunteer Levels in Commercial Alfalf; Fields in Eastern Or

B. C. Simko
Malheur County Extension Office
Oregon State University
Ontario, OR 97914

Volunteer alfalfa plants contribute to stand contamination and varietal mixing in commercial alfalfa seed
fields. The extent and degree of this stand contamination has not been adequately studied in recent years.
The Federal Seed Act and state seed certification standards set other variety tolerances and field history
requirements to help insure varietal integrity during seed production. Current certification standards in
the western states require a field history of a minimum of one year out of alfalfa prior to establishment
of a new seed field. The maximum field tolerance for other varieties is 1 in 100 plants (1%) in the
northwest states and 1 in 200 plants (0.5%) in California. The objective of this 2 year study was to survey
commercial fields, measure volunteer levels, and correlate these levels with field histories.

Thirty newly established seed fields were surveyed during the spring of 1991 and 1992. All fields were
sampled after emergence of the planted stand but prior to first cultivation between the rows. At each of
five randomly selected sites per field, in row plants were counted using a 4 in. x 4 ft. area marker. At each
of 20 randomly selected sites between row volunteer alfalfa populations were measured using the same
4 in. x 4 ft. area marker. Using volunteer populations between rows, an indirect index of volunteer
contamination in the row was determined. Average percent volunteer contamination in the planted rows
for each of thirty fields is the ratio of mean out of row plants per sample over mean in row plants per
sample minus mean out of row plants per sample multiplied by 100. It is assumed that emerging volunteer
alfalfa was scattered general over the entire field and that contaminant seedling alfalfa has an equal
probability of emerging in the planted row as between the rows. Data on individual field histories and
the number of alternate crops in rotation separating alfalfa seed production stands was collected. Average
percent volunteer levels of fields with 1, 2 and 23 alternate crop histories were statistically compared.

Fig. 1. SURVEY OF VOLUNTEER LEVELS Signific?mtly (P=0.0001) higher l.evels' of voh{nteer
IN ALFALFA SEED FIELDS contamination was measured in fields with 1
Matheur County, Oregon - 1991-1992 alternate crop rotation vs >2 alternate crop rotations
(Fig. 1). The mean volunteer level of 3.5% for the
1 alternate crop rotation, exceeds the other variety
© o O P - 1o — f:erfit.ication tolerance in all western states. Some
2+ Aomaln Grep ovetion A o 2.;5 g:g individual fields were found to have volunteer
23 - Atiemate Crop Rotetion 1 0-13 0.4 contaminant levels at 5.5% and as high as 10.5%
using this survey method. The longer the rotation
out of alfalfa seed production, the lower the
volunteer percentages in surveyed fields. Fields with two alternate rotation crops and >3 alternate rotation
crops had average volunteer levels of 0.8% and 0.4% respectively.

**t = 4,057; p = 0.0001

The trend in the industry has been to develop, release and produce seed of an ever increasing number
commercial varieties. This seed production is occurring to a great extent on a limited number of seed
farms. Several divergent factors sometimes compel seed growers to shorten rotations to 1 alternate crop
or even none in some cases. In light of this study, this practice may contribute to decreasing levels of
varietal purity. This trend should be discussed by alfalfa breeders, seed companies and seed producers.
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Alfalfa Seed Production in Manitoba: Genetic and Environmental

Factors Affecting Seed Quality

S.R. Smith, Jr. and R.R. Gjuric
Dep. of Plant Science, Univ. of Manitoba
Winnipeg, Manitoba, Canada R3T 2N2

Alfalfa seed production in the three prairie provinces of Western Canada tripled from 1985
to 1990, but recent overproduction in the U.S. and Canada has caused a leveling off and even
a drop in production. Further increases will require the development of new alternatives to
traditional production practices. Fifty percent of the cultivars grown on a worldwide basis
cannot be increased in Western Canada due to non-dormant fall growth habit and the resulting
winter survival limitations. The development of production practices that increase the
potential for seed production during the establishment year will allow production from non-
dormant types and the potential for increased contract acreage by shortening the time
required for seed multiplication.

A preliminary study was established at the Glenlea Research Station (central Manitoba) with
8 alfalfa cultivars covering a range of fall dormancies and planted in a split plot design
with seeded and transplanted treatments as the main plots. There was an interaction between
cultivars and establishment practice for seed yield indicating that cultivars responded
differently depending on plant age. Seed production was limited due to late establishment
and pollination problems, but yields in the seeded stands of 200 to 420 kg ha™' indicated that
economic seed yields are possible during the establishment year. Low input costs in many
regions of Western Canada allow breakeven yields as low as 200 to 300 kg ha™'. Winter
survival for non-dormant cultivars was as high as 80% for Grande (dormancy 9), but
measurements of spring vigor were closely ranked according to fall dormancy classes.

Seed quality is often a limitation for alfalfa seed production in Western Canada with
environmental conditions often contributing to smaller seed sizes and higher levels of hard
seed. Although the non-dormant cultivars did generally produced larger sized seed, all
cultivars showed high levels of hard seed (68 to 80 %) even though it is generally accepted
that non-dormant cultivars produce lower % hard seed. There was a significant establishment
practice by cultivar interaction for hard seed content, but the seeded stands which matured
later showed a trend toward higher % hard seed. Different overwinter storage treatments also
had 1ittle influence on hard seed

Measuring seed quality using traditional germination tests has many limitations, but use
of a color digital image analysis (DIA) system has the potential to precisely characterize
individual seeds and seed lots by seed size and shape and by hue, saturation, and intensity.
Preliminary studies have shown that there is sufficient variability within seed lots for each
of these factors to distinguish individual seeds. Characterization and subsequent
association of traditional seed quality parameters with DIA measurements will be useful for
genetic analysis of seed traits and for quality assessment of seed lots.

A three location study similar to the one described has been planted in Manitoba this year
with additional seeded stands at Outlook and Melfort, Saskachewan. These experiments will
allow detailed analysis of seed quality characteristics over environment, years,
establishment practice, and cultivars. Climatic conditions, flowering period and segd set,
bee populations, and pollination parameters will be carefully monitered to determine the
significant factors influencing seed production.

This research suggests that new alternatives are possible for alfalfa seed production in

Western Canada and present experiments will provide information the genetic and environmental
factors influencing seed production and seed quality. '

18



Impact of EBase of Tripping on the Self-pollination Rate of Alfalfa

Eric E. Knapp and Larry R. Teuber
Department of Agronomy and Range Science
University of California, Davis CA 95616

Breeding for alfalfa (Medicago sativa L.) florets that are easier for
honey bees (Apis mellifera L.) to trip has been proposed as a means of
increasing the efficiency of pollination and improving seed yield. It
is not known if genetically altering ease of tripping affects the
proportion of self-pollinated seed produced. This study was conducted
to determine if selection for ease of tripping alters the rate of
self-pollination.

Easy-to-trip and hard-to-trip populations were developed from ’‘CUF101’
through two cycles of phenotypic recurrent selection, based on
evaluations made in the greenhouse with an electronic ’tripping meter’
(Teuber, et al. 1988). Plants from the easy- and the hard-to-trip
populations, along with plants of the unselected CUF101 parent, were
established in separate plots in the field at Davis, CaA. Ease of
tripping of the populations was measured, self-fertility evaluated,
and seed harvested from individual plants in each of two years.
Progeny of these plants were grown in the greenhouse, and evaluated
for two allozyme loci (Peroxidase-2 and Flourescent esterase-l1l) using
starch gel electrophoresis. Multilocus outcrossing rate (1 - self-
pollination rate) estimates were calculated for each population by the
maximum likelihood method, using software developed by Ritland (1990).

Ease-of-tripping phenotype of the greenhouse-selected populations was
maintained in the field, with the easy-to-trip population
significantly easier to trip, and the hard-to-trip population
significantly harder to trip than CUF101. Self-fertility did not
differ among populations. Self-pollination rate of all populations
was lower in 1991 (18.0%) than in 1990 (31.7%), but the Population x
Year interaction was not significant. Average self-pollination rate
of the easy-to-trip population (27.3%) did not differ significantly
from average self-pollination rate of the hard-to-trip population
(24.8%) or CUF10l1 (22.5%). The outcrossing rate averaged 75.1% over
all populations.

A previous study demonstrated that easy-to-trip plants had 40.7%
higher seed yield than hard-to-trip plants (P<0.10) (Knapp and Teuber,
1990). Selection of plants with easy-to-trip florets will 1likely
improve alfalfa seed yield under honey-bee pollination, without
altering the proportion of self-pollinated seed.
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Poggsible Occurrence of a New Biotype of Blue Alfalfa Aphid

R. C. Berberet, A. A. Zarrabi and J. L. Caddel
Departments of Entomology and Agronomy
Oklahoma State University
Stillwater, OK 74078

Research on host resistance to blue alfalfa aphid (BAA), Acyrthosiphon kondoi Shinji, has
been conducted at Oklahoma State University since 1980. Aphids used in this work have been
maintained in greenhouse colonies that are replaced annually with new collections from
several locations throughout the state. ‘cuf-101’ has been used as a resistant check
cultivar since the work began. In flats scored 1 day after termination of infestation in
seedling trials,an average of 42% of plants in CUF-101 have been rated as resistant. Another
resistant check called Ok 51 was developed in Oklahoma and has had an average of 47%
resistant plants. ‘Arc’ and ‘PA-1‘ have been used as susceptible checks with averages of 2%
and 9% resistant plants, respectively. 1In tests conducted with BAA collected in 1991, the
percentages of resistant plants in CUF-101 and OK 51 seem to have declined greatly as may
occur with a new biotype. In the studies reported in this paper, we have used the four check
cultivars listed above to evaluate this possibility.

The standard test procedure for BAA resistance (1) has been used in conducting evaluations
of the check cultivars to ascertain percentages of plants showing resistance to aphids
collected in 1991 and 1992. These tests were conducted with three rows of each cultivar
randomized per flat and ‘Riley’ planted in border rows at the ends. Plants were infested 1-2
days after emergence and duration of infestation was 21 days with ratings conducted 7-10 days
postinfestation. In a second experiment to determine population growth of BAA on the check
cultivars, individual plants arranged in a latin square design in each of eight pots (15 cm
dia.) were infested 3 days after emergence. After 9 days, plants were rated on a six point
damage scale (1, no damage; 2, slight stunting; 3, moderate stunting; 4, severe stunting and
chlorosis; 5, wilting; 6, dead). Development (cotyledon, unifoliolate, or trifoliolate) and
numbers of aphids were recorded for each.

Evaluation of check cultivars in flats with BAA collected in 1991 has shown a great reduction
in percentages of resistant plants in comparison with results from previous years. The
average resistance for CUF-101 has ranged from 12-15%, while that for OK 51 has been 8-10%.
Unexpectedly, the resistance of PA-1 has been equivalent to CUF-10l1. Arc has had 1-3%
resistant plants. In the individual plant tests, there were no significant differences in
damage ratings (overall mean = 3.4) or plant development (most had formed a unifoliolate
leaf). Also, there was no significant difference among cultivars in the mean number of
aphids/plant (overall mean = 24).

In conclusion, seedling evaluations in flats indicate that the performance of BAA resistant
checks has changed radically in Oklahoma over the last 2 years. Further, expected
differences in aphid numbers and damage among resistant and susceptible cultivars in the
individual plant test did not occur. These results indicate the possible existence of a new

biotype of BAA.
Reference
1. Berberet, R. C., J. L. Caddel and A. A. Zarrabi. 1991. Blue alfalfa aphid resistance.

In Standard tests to characterize alfalfa cultivars. Fox, C. F. et al. Eds. North
American Alfalfa Improvement Conference.
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S8election for Blue Alfalfa Aphid Resistance in Southern New Mexico

C. Currier, J. Henning, 8. Townsend and J. Kimmell
Dept. of Agronomy and Horticulture, Box 30003
New Mexico State University, Las Cruces, NM 88003-0003

Aphids are major insect pests of alfalfa (Medicago sativa L.). Alfalfa grown
in the western United States is often infested with three aphid species: pea

(Acyrthosiphon pisum Harris), spotted alfalfa (Therioaphis maculata Buckton),
and blue alfalfa (Acyrthosiphon kondoi Shinji) aphids (1). These aphids

cause stunting of growth and death to infested plants. Aphid infestations in
alfalfa generally occur as dynamic mixtures of more than one aphid species.

In the years before the occurrence of the blue alfalfa aphid (BAA), selection
in the New Mexico State University Alfalfa Breeding Program was based on
plant survival and overall vigor of mature plants after aphid infestation.
When heavy BAA infestations appeared in New Mexico, alfalfa plants became
very stunted. Selection following a BAA infestion was based on plant
survival and stem length.

Understanding selection effectiveness for survival and stem 1length is
important in developing aphid resistance in alfalfa. To evaluate this
selection scheme, three alfalfa populations differing in aphid resistance
were subjected to five cycles of recurrent phenotypic selection for survival
and mature plant stem length after aphid infestation.

Three alfalfa cultivars (Hi-Phy, Wilson and Malone) were planted during
November in a greenhouse floorbed. Initial plant counts were taken at the
unifoliolate leaf stage. Alfalfa populations were cutback twice at the ten
percent bloom stage. Two weeks after the second cutting, the top five
percent of all plants in each population were selected based on survival and
stem length, separately intercrossed with honeybees (Apis mellifera L.) and
reselected the next year. Populations resulting from five selection cycles
were compared with the unselected cultivars for PA, SAA, and BAA aphid
resistance.

Results from seven single-species aphid tests using alfalfa seedlings ranged
from a significant decrease to a significant increase in percent resistant
plants (1). It is reasonable to expect at least small increases in aphid
resistance due to selection for survival and stem length after aphid
infestation. However, data obtained so far do not provide convincing
evidence that the selected populations have a higher percentage of aphid
resistant seedlings.

The unselected cultivars and selected populations were retested in the
greenhouse floorbed with a mixed aphid population. Positive increases in
survival and significant increases in plant height were observed for the
selected populations. Gains have been made in the ability of mature plants
to survive and continue growth under the mixed aphid infestations. Selection
for plant survival and stem length has also increased overall plant vigor in
these populations when grown under mixed aphid infestations. However, it is
unclear whether aphid resistance as measured by seedling evaluations has been
changed.
Reference
1. C. Fox, R. Berberet, F. Gray, C. Grau, D. Jessen, and M. Peterson
(eds.). 1991. Standard tests to characterize alfalfa cultivars. 3rd
edition. Published by the North American Alfalfa Improvement
Conference. pp. I-2, I-4 and I-6.
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Spring Grazing for Managing the Alfalfa Weevil
in Grazing Tolerant Alfalfa

G. D. Buntin and J. H. Bouton
Departments of Entomology and Agronomy
University of Georgia, Georgia Station

Griffin, Georgia 30223

The alfalfa weevil (AW), Hyera postica (Gyllenhal), is a key pest of
alfalfa and typically requires at least one insecticide application during
the spring to prevent economic damage in the southern USA. Development of
grazing tolerant alfalfa permits spring grazing during the time that larvae
are active without adversely affecting stand productivity, but grazing
restrictions after insecticide use limits spring grazing options. Our
objective was to assess whether AW larval populations could be controlled
by continuous grazing thus eliminating the need for insecticidal control.

In 1991, 3-year-old plots of ’Apollo’ and ‘Alfagraze’ were used that were
arranged in a randomized complete block design with 4 blocks. Plots
measuring 2.6 x 5.0 m were divided and a 0.37 m’ area was caged with a 3 x
6 cm mesh wire cage. 1In 1992, caged and grazed plots were replicated 5
times in a randomized complete block design in third year stands of both
cultivars. Study areas in both years were grazed with cross-bred yearling
steers from 9 March to 20 April, 1991 and 3 March to 24 April, 1992. AW
larvae were sampled by periodically collecting 20 stems in each subplot and
placing samples in Berlese funnels to extract larvae.

Grazing in 1991 significantly reduced AW larval numbers on most sample
dates in Alfagraze, but reductions were not significant in Apollo until 27
March (Fig. 1). Reductions in Alfagraze ranged from 45 to 89%. AW larval
population were low in 1992 (<0.6 larvae/stem). Grazing generally reduced
larval numbers on most dates, but reductions were not statistically
significant on any date for either cultivar. Grazing reduced mean total
number of larvae collected by 65% in Alfagraze and 32% in Apollo in 1991
and 23% in Alfagraze and 18% in Apollo in 1992. Aphid [primarily pea
aphid, Acyrthosiphon pisum (Harris)] numbers were small in 1991, but
grazing reduced peak aphid numbers by 94% in Alfagraze and 85% in Apollo in
1992. These preliminary results indicate that insect populations may be
effectively managed in alfalfa by continuous grazing in the spring.

Fig. 1. Effect of grazing on AW larval numbers in Apollo (left) and
Alfagraze (right) alfalfa in 1991; * indicates significant difference

between means on a given sample date (P = 0.05; LSD).
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Bifenthrin Bioassays of Iygus Bug Populations in
Eastern Oregon Alfalfa Seed Fields

B.C. Simko
Malheur County Extension
Oregon State University
Ontario, Oregon 97914
-and-

W.A. Brindley
Department of Biology
Utah State University
Logan, Utah 84322

Insect pest resistance to insecticides is a major problem. Few attempts are made to determine the
susceptibility of pests to an insecticide when it is first introduced in an area for commercial pest control.
The absence of this knowledge makes it impossible to determine if control failures are the result of poor
application or resistance. The widespread use of bifenthrin (Capture) insecticide to control Lygus
hesperus L. in eastern Oregon alfalfa began in 1990. Bioassays of bifenthrin on adult lygus bug
populations were conducted during the spring of 1990 and 1991. Our objective was to use the results of
these bioassays to generate baseline LCs, values of the insecticide to lygus. The bioassays and baseline
LC,, data may be useful to monitor for resistance development of this primary alfalfa seed pest.

Small plastic zip lock bags were pretreated with solvent containing concentrations of bifenthrin, bracketing
expected residues for effective bioassays as determined from experiments done in 1989. Treatments
included 25 pg/bag, S0 pg/bag, 75 pg/bag, 100 pg/bag and untreated control bags. Treatments were
replicated 4 times. Bags were stored in a freezer until taken to the field to conduct the bioassays. In the
field a small cork and alfalfa trifoliate were placed in each bag. Adult lygus were collected by sweep net
and 5 insects were placed in each bag. Bioassay bags were held at ca 20C in a portable incubator (1).
After 8 hours in the incubator the lygus bugs were observed in each bag and mortality levels recorded.
Ten bioassays were run on field populations of lygus in the spring of 1990, prior to the registration of
bifenthrin and its widespread use. Eight additional bioassays were run during the spring of 1991 before
any treatments of bifenthrin in its second season of use.

The mean bifenthrin LCs, value for the ten 1990 bioassays was 38.9 ug/bag in a range of 26-53 pg/bag.
The mean bifenthrin LCy, value for the eight 1991 bioassays was slightly higher at 56.1 ug/bag in a range
of 25 - 73 ug/bag. Similarly conducted bioassays were run on lygus populations from alfalfa seed fields
in Nevada, Washington and California. The eastern Oregon LC;, values were quite low when compared
to LCy, values from other areas.

University and industry data show bifenthrin as a highly effective insecticide to control lygus and other
alfalfa seed pests. This baseline data from lygus bifenthrin bioassays combined with field efficacy records
may make it possible to forewarn of resistance development with this insect. An early warning of

resistance allows for proper and timely resistance management. Pesticide resistance management is a
necessary component of an overall alfalfa seed IPM system.

References:

1 B.rindley, W.A., D.H. Al-Rajhi, and R.L. Rose 1982. Portable incubator and its use in insecticide
bioassays with field populations of lygus bugs, aphids and other insects. J. Econ. Ent. 75:758-760.
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Searching for resistance to Sitona hispidulus larvae in alfalfa

R. A. Byers and R. N. Peaden, USDA, ARS
U. S. Regional Pasture Res. Lab., University Park, PA
and
Irrigated Agriculture Res. & Extension Ctr., Prosser, WA

Alfalfa plant introductions (150 PIs/year) were seeded near University Park,
in rows 3 m long and 61 cm apart in a randomized complete block design
replicated 5 times in 1984, 1985, 1987, and 1988. Blocks were subdivided into 4
tiers of 38 rows each for a total of 152 PIs/block (150 PIs and 2 cultivars
'Saranac-AR' and 'WL316'). White clover was seeded in 9.1 m wide alleys between
tiers and blocks and along borders to attract adult curculios to the nursery.
Weeds were controlled by hand hoeing. Alfalfa was harvested 2-3 times per year.
Roots were dug in July the second year following planting, washed, and the
percent surface area of the tap root scarred by larvae was estimated. Plants
with less than 5% injury to tap roots were sent to Prosser for seed production.

Seed from Prosser was planted in plastic cone containers (4 x 21 em) in a "Redi-
earth" peat vermiculite mix. Four surface sterilized eggs obtained from field
collected adults were placed in each cone after plants were 6 weeks old. Pupae
were extracted from cones 5 weeks later by flotation in tap water. Pupae were
weighed and held for adult emergence. Any larvae recovered were returned to the
plants for an additional week. After all insects were recovered as pupae, the
plants were replanted and the entire procedure repeated a second time.

PI 183261 and 183263 showed reduced survival of pupae when compared to WL316
(Table 1). PI 183261, 183263, and 183404 had reduced tap root feeding compared
to WL316. When the experiment was repeated, percent survival and percent root
injury was increased overall for the PIs, but percent survival was usually not
significantly lower than for WL316, except for PI 315456-3. However, percent
root injury was significantly lower for 5 of the PIs compared to WL316.

Table 1. Percent survival of insect pupae and percent tap root injury.

First Experiment Repeat Experiment

Mean Percent Mean Percent Mean Percent Mean Percent

PI Survival Injury Survival Injury
179702 56.2 ab 5.1 ab 61.2 be 20.2 a
183060 37.5 ab 3.7 ab 96.7 a 9.2 b
183261 25.0b 0.7b 58.5 be 9.6 b
183263 31.2 b 1.2 b 79.8 ab 8.6 b
183404 43.8 ab 0.4b 77.1 ab 4.4 b
WL316 76.0 a 8.1a 47.9 ¢ 19.5 a
231731 23.8b 2.0 ¢ 28.4 ab 8.3 b
315456-1 59.5 ab 10.7 a 36.9 ab 19.9 a
315456-3 71.4 a 9.9 ab 22.7b 9.6 ab
315456-5 23.8 b 3.7 be 28.4 ab 14.4 ab
WL316 47.6 ab 0.9¢ 54.0 a 11.7 ab

Means with the same letter are not significantly different at P=0.05.
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Influence of alfalfa variety and cutting frequency on potato leafthopper dynamics

D.B. Hogg!, J.L. Wedberg!, C.R. Grau? and D.]J. Undersander®
Departments of 'Entomology, 2Plant Pathology, and 2Agronomy
University of Wisconsin
Madison, Wisconsin 53706

The potato leafhopper, Empoasca fabae (Homoptera: Cicadellidae), is generally considered
the most serious insect pest of alfalfa in Wisconsin and the upper Midwest. The focus of
this report is on the effects of cutting frequency and selected varieties on leafhopper
densities in alfalfa. The data are from the first year of a three year, multi-disciplinary
project involving the interactions of alfalfa varieties possessing differential levels of
resistance to Verticillium wilt, cutting frequency and insect management.

Three alfalfa varieties, Vernal, Apollo II and Apollo Supreme were established in 1990 in
plots measuring 9.1 by 13.4 m at Arlington, Wis. Plots were replicated four times in a split-
split plot design, with main treatments of cutting schedule (3 or 4 cuts per year), alfalfa
varieties (3), and potato leafhopper management (use of currently recommended
thresholds and insecticidal control vs. no control). Potato leafhopper adults and nymphs
were sampled during 1991 with a D-Vac® (“vacuum net”) sampler and converted to
numbers per sweep of a sweep net; insect sampling began after first cutting and continued
on a weekly basis through August. Leafhopper counts were used to calculate leafhopper
days, i.e. the cumulative number of leafhoppers per sweep per day.

Our expectation was that cutting frequency, in particular a schedule of four rather than
three cuts prior to September 1, would result in reduced numbers of potato leafhopper
nymphs and adults. This expectation was based on the generation time of the leafhopper
(3+ weeks under typical southern Wisconsin temperatures) and published reports
indicating that severe mortality is suffered by leafhopper eggs and nymphs as a result of
the cutting operation. Our analysis indicated that, as expected, adult leafhopper days for
the entire growing season were significantly (P < 0.01) higher in the three cut than in the
four cut plots. However, the magnitude of the difference was not as large as anticipated.
Surprisingly, nymph leafthopper days were higher in the four cut than in the three cut
plots, with the difference “marginally” significant (P = 0.07). Further analysis suggested
that nymph survival during cutting may have been much higher than reported in the
literature.

We had no basis to expect varieties to have an effect on leafhopper numbers. However,
our analysis indicated that variety had a significant (P < 0.01) effect on adult and a
marginally significant (P = 0.10) effect on nymph leafhopper days. For both cutting
regimes, adult days were highest in Apollo II and lowest in Vernal; no pattern was evident
for nymph days. When adult days were corrected to reflect differences in alfalfa stem
densities and heights among varieties, the effect of variety was reduced to marginal

significance (P = 0.07), and Apollo Supreme replaced Vernal as having the lowest number
of adult days. :
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Relationships of Soil Fertility and Potato Leafhopper Incidence
to Alfalfa Yields

L. R. Vough, W. O. Lamp, G. R. Nielsen and A. P. Grybauskas
Departments of Agronomy, Entomology, Entomology and Botany, respectively.
University of Maryland
College Park, Maryland 20742

Two of the major factors limiting alfalfa yield, quality and longevity in the mid-
Atlantic region are inadequate potassium fertilization and damage from the lack of proper
potato leafhopper (Empoasca fabae Harris) control. These two factors are interrelated
and thus the fertilization management may affect subsequent pest management decisions.
The objectives of this study were to evaluate the effects of P and K fertilization on
alfalfa yield and on pest/alfalfa interactions.

The experiment was initiated in June 1987 on a field of ‘Cimmaron’ alfalfa at the Central
Maryland Research and Education Center near Clarksville. The field had been seeded in
August 1985. Following the second harvest in 1987, four fertilization treatments were
imposed -- 0, 1X (24 kg P + 186 kg K + 2.8 kg B/ha/yr), 2X and 3X rates. To evaluate the
impacts of insect damage on yields relative to fertility levels, each fertility treatment
was evaluated with and without an insecticide treatment. Plot size was 15.2 x 15.2 m
with treatments completely randomized in a factorial design with 4 replications. Yield
determinations were from random 0.9 x 6 m areas within each plot.

Incremental increases in P and K fertilization resulted in corresponding increases in
adult potato leafhopper populations during a large leafhopper infestation during 1987.
Adult leafhopper density at the 0, 1X, 2X and 3X fertility levels were 400, 512, 483 and
570/m®* without insecticide treatment and 64, 93, 111 and 153/m*> with insecticide,
respectively. Although leafhopper numbers were higher with increasing rates of P and K
fertilization, alfalfa injury (as measured by percentage of stems exhibiting burn)
decreased markedly with increased fertilization. The only significant yield differences
(p=.01) in 1987 were between insecticide treated and untreated plots in the third
cutting. The dry matter yield loss due to leafhopper damage was 0.68 Mg/ha across all
fertility levels.

Significant yield differences were obtained in 1988 for each the lst (p=.01), 2nd
(p=-05), and 3rd (p=.01) cuttings due to insecticide treatments applied in 1987. Since
insects were not a problem in 1988, the yield reduction is attributed to a carryover
effect of the leafhopper damage in 1987. The total yield reduction for the 5 cuttings
affected (cuts 3 and 4 in 1987 and 1, 2 and 3 in 1988) averaged 1.65 Mg/ha across all
fertility levels. Significant differences (p=.01) in total yield for 1988 were also
obtained due to fertilizer treatments. Yields at the 3X fertilizer rate were 1.10 Mg/ha
higher than the no fertilizer treatment for both the insecticide and no insecticide
treatments.

The only significant yield differences in 1989 were between insecticide treated and
untreated plots in the 2nd (p=.05), 3rd (p=.01), 4th (p=.05) and total annual yield
(p=.01). The yield loss due to leafhopper damage averaged 1.07 Mg/ha. In contrast to
1988, there was no significant response to fertilizer treatments in 1989. Extremely wet
growing conditions in 1989 resulted in substantial yield losses early in the season due
to bacterial and fungal degradation of plant material prior to harvest, lodggd plant
material that was not cut by the harvester, and delayed harvests which resulted in a very
low 5th cutting. The extremely wet conditions also resulted in variable stand loss as
the season progressed. Stand loss was related to drainage patterns rather than
treatments imposed. Thus the study was terminated after 1989.

Follow up investigations are currently being conducted to evaluate the influence of soil

fertility, grass companion crop (orchardgrass), insecticide and fungicide in reducing
pest damage in alfalfa.
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Management of the potato leafhopper (PLH) on alfalfa is required annually on
most of the alfalfa in the northeastern and northcentral United States.
Strategies to deal with PLH rely 1largely on insecticide applications.
Success of an insecticide focused management program lies not only on
insecticide efficacy but also on the economics of the application. Likewise,
a no-insecticide recommendation saves the grower application costs as well as
opportunity costs. In addition, the negative impacts of the insecticide to
the agroecosystem are eliminated. Consequently, we strive to develop
management programs which select the most economical control strategy.

Paper-based programs are generally the most common approach to providing pest
management information. Traditionally, paper-based programs are very
simplistic in their approach to the problem. The majority of programs
developed for PLH management focus on insect numbers per unit area and stage
of alfalfa growth. These two variables then constitute the basis for a
management recommendation. Variables that appear less often in paper-based
programs include estimates of hay value and insecticide application costs
(both generalized). The more variables used to make a management
recommendation the greater the probability that correct action will be taken.
Computer-based systems enhance this capability. In addition to handling more
variables, they also have the ability to use historic data to forecast
events. Likewise, computer-based systems can incorporate interactive insect
population and plant growth models to simulate potential pest damage. One
such computer-based program developed for managing PLH on alfalfa is PLEX
(potato leafhopper expert system). Expert systems are computer-based systems
designed to simulate the problem solving of a human expert, thus allowing
interpretations where empirical data do not exist. Advantageously, the
computer-based system PLEX is site specific, uses real-time information,
allows for a variety of different practices, uses current economics, provides
for the optimal use of insecticides, and forecasts outcome (yield, % crude
protein, root TNC) of the recommendation as part of it consultation. 1In
addition to delivering integrated pest management (IPM), this computer-based
program teaches IPM strategies. It also provides information on insect
biology, identification, damage, and sampling and can be easily updated.

PLEX PROGRAM The performance of PLEX was compared with our paper-based
NO SPRAY  SPRAY system at various locations in Pennsylvania since 1986.
In the 14 field evaluations conducted there were four
3 1 instances in which the two programs did not agree in their
recommendation (Fig. 1). Based on yield and quality
analysis of those harvests, PLEX made the correct decision
3 7 three out of the four times. The average benefit in the
PLEX recommendation between these discrepancies was
Flg. 1. Performance of $19.56/A. Large plot to plot variation in yield makes it
:}I::Xci:;:?p:;;son with difficult to measure the amount of yield saved by an
progra-  insecticide application. Frequently, the projected

Qrotein saved drove the decision to apply an insecticide. PLEX accuracy
increases with increasing PLH population. PLEX is also being evaluated in
Illinois, Kentucky, Maryland, Missouri, Minnesota, and Wisconsin. Results to

date support the performance of this computer-based program for managing PLH
on alfalfa.

NO SPRAY

SPRAY
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Distribution and Characterization of Virulence Phenotypes Within Populations of Aphanomyces euteiches

Sharie L. Nygaard
Research Pathologist/Tissue Culture Specialist
W-L Research, Inc., Evansville, Wi 53536

Aphanomyces euteiches Drechs. causes seedling and root rot of alfalfa and several other agronomic
crop species. The fungus has been recovered from soils throughout North America and the world. Variability
for host range exists among isolates recovered from different hosts as well as for isolates recovered from
alfalfa’. Alfalfa isolates of A. euteiches display variability in their virulence to different alfalfa populations; for
example, "atypical’ isolates have been described that are highly virulent to Saranac and to WAPH-1 (the
standard resistant cultivar) that are less virulent to certain plant introduction accessions’.

The objectives of this study were to: add to the base of current knowledge regarding pathogen distri-
bution in U. S. alfalfa growing regions; and, to further characterize alfalfa isolate virulence using the NAAIC
standard check cultivars - WAPH-1 (resistant) and Agate (susceptible) and two proprietary breeding lines weli
adapted to North American growing conditions (Exp 61-A and Exp 61-B). Exp 61-Ais a breeding line which has
undergone two cycles of selection for resistance to A. euteiches. Exp 61-B represents one cycle of selection
for resistance to a mixture of isolates virulent to WAPH 1 out of Exp 61-A. Isolates were tested using previously
defined potting, inoculation and scoring methods' except that these experiments were conducted at 21°C and
zoospores were applied at 800/ml. In addition to individual plant scores (1=healthy to 5=dead), entire pots
were given a visual top-growth rating (1=all healthy to 5=>50% stunted, chlorotic plants).

Twenty-seven alfalfa field soils, sampled from 13 states, were assayed using 5-day-old Saranac seedlings
as baits. Ten of the 27 soils (from 9 states) were infested with alfalfa-pathogenic isolates. Twenty isolates from
each positive soil and 25 isolates previously characterized by Grau, et al. were characterized for virulence
phenotype. Average severity index correlated well with whole-pot ratings (y=1.1x-0.4, R=0.93). Isolates were
highly variable for virulence. Four virulence phenotypes could be used to group 173 of the 225 isolates (see

Table). Fifty-two isolates demonstrated an array of virulence patterns that if combined would represent a highly
variable group.

Isolates recovered from the same field often expressed more than one phenotype, with type 1 isolates
predominating in many Midwestern and Eastern soils. There were only two isolates very highly virulent to both
Agate and WAPH-1 (A.S.1.=4.9). Type 3 and 4 isolates were found scattered throughout the U.S. in combination
with each other and all other types. It is important to acknowledge the widespread distribution of A. eutieches
and its pathogenic diversity so that resistance breeding efforts may be effectively focused.

TABLE. Average Severity Index

Virulence Phenotype

Alfalfa Population 1 2 3 4
Agate 4.9 4.9 45 49
WAPH-1 34 5.0 49 47
Exp 61-A 43 4.4 4.3 45
Exp 61-B 37 3.8 33 4.0
No. of isolates 91 2 19 61

Least significant difference 0.05=0.3; CV=4.2%

1. Grau, C. R., Muehichen, A. M., Tofte, J. E. and Smith, R. R. 1991. Variability in virulence of Aphanomyces
euteiches. Plant Dis. 75:11563-1156.
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Seasonal Occurrence of Alfalfa Foliar Diseases in Iowa

Forrest W. Nutter, Jr. and S.S.A. Rizvi
Department of Plant Patholoqgy
Iowa State University
Ames, Iowa 50011

The seasonality of foliar plant pathogens and their affect on
alfalfa yield and quality was studied by establishing field plot
experiments in a north-south transect at four research farms in
Iowa: Ames, Ankeny, Knoxville, and Chariton. Nine different leaf-
spotting fungi and one bacterial leaf pathogen were found to occur
at all four 1locations. These were: Phoma medicaginis,
Colletotrichum dematium, Xanthomonas campestris, Stemphylium
botryosum, Pseudopeziza medicaginis, Leptosphaerulina briosciana,
Cercospora medicaginis, Leptotrochila medicaginis, Stagonospora
meliloti and Uromyces striatus.

Fungicide concentrations (chlorothalonil) ranging from 0 to 1.26
kg/ha a.i. were applied every 10 days to field plots located in
Ankeny and Chariton as a means to create a range of disease
intensity values. Regression models relating disease intensity (X)
to hay quantity and quality (Y) are presently being developed.
Although foliar pathogens significantly reduced quantity of yield
(see below) quality was not affected. VYield loss experiments are
being repeated in 1992.

Spring black stem, caused by Phoma medicaginis, was the predominant
foliar pathogen early in the growing season and accounted for 80%
or more of the leaf-spot lesions that were present on alfalfa
leaves at the time of the first sampling date. The 1991 spring was
one of the wettest on record and percent defoliation values caused
by spring black stem exceeded 70% in 1991. Yield reductions
attributable to spring black stem were 35.1% at Ankeny and 19.7% at
Chariton for the first harvest date.

By mid to late June, spring black stem epidemics were largely
replaced by common 1leaf spot (Pseudopeziza medicaginis) and
Leptosphaerulina leaf spot (Leptosphaerulina briosciana) with peak
periods of Pseudopeziza occurring before 18 July. Cercospora
medicaginis (summer black stem and leafspot) epidemics began in
early June and disease severity continued to increase until the
third harvest (midAugust). These foliar pathogens reduced hay
yield by 31.7% in Ankeny and 2.6% at Chariton at the second harvest
and 25.8% and 29.7% at the third harvest, respectively. Other
pathogens occurring in low frequencies were Colletotrichum dematium
and Dbacterial leafspot (early spring), and Leptotrochila
medicaginis, Stagonospora meliloti and Uromyces striatus. These
experiments are also being repeated in 1992.
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A_Biological Disease Forecast System for
Fungicidal Control of Sclerotinia Crown and Stem Rot

L. H. Rhodes', D. K. Myersz, and R. W. Van Keuren2
Departments of Plant Pathology1 and Agronomy2
The Ohio State University
Columbus, Ohio 43210

Sclerotinia crown and stem rot (SCSR) frequently causes severe damage to forage legumes
in Ohio. Apothecia of Sclerotinia trifoliorum emerge in the fall and release ascospores
which cause primary infection. The objective of this study was to determine if the fungicide
vinclozolin (Ronilan), applied at apothecium emergence, could provide control of SCSR in
alfalfa and red clover.

Field plots of Arlington red clover and Armor alfalfa (tentatively classed as ’susceptible’)
and Hi-phy alfalfa (tentatively classed as ’resistant’) were established in pasture sods on
Aug. 11, 1988, and Sep. 5, 1989, at Wooster, Ohio, by no-till methods. Fungicide treatments
were: 1) No fungicide applied; 2) vinclozolin (1 1b a.i.,/A) applied at the time of
apothecium emergence (Nov. 15, for the 1988 seeding; Nov. 3 for the 1989 seeding); and
3) vinclozolin (1 Ib. a.i.,/A) applied 4 times (mid-Sep., mid-Oct., mid-Nov. and mid-Mar.),
to achieve absolute control of SCSR. Fungicides were applied only in the first year
establishment period. Data for percent stand, infected plants/plot, and dry matter yield (3
harvests/year) were taken for 2 years following seeding for both trials.

For the 1988 seeding, number of infected plants in April 1989 was significantly reduced by
1 application of vinclozolin at apothecium emergence compared to the unsprayed control
for both alfalfa cultivars and red clover. Across all cultivars, the single application of
vinclozolin provided approximately 90% of the level of control provided by the 4-spray
treatment. In April 1990 virtually no alfalfa plants showed symptoms of SCSR, while
numerous red clover plants continued to die, indicating that red clover, but not alfalfa, was
susceptible after the first year. Vinclozolin applied at apothecium emergence increased dry
matter yields by 42, 30, and 83% over the unsprayed control for Armor and Hi-phy alfalfa
and Arlington red clover, respectively, in the first production year. Dry matter yields in
plots treated with 4 applications of vinclozolin had significantly greater dry matter yields
than plots receiving a single fungicide application, with corresponding increases over the
untreated control of 73, 59, and 123%. There was no significant effect of any fungicide
treatment on total dry matter yield in the second production year.

In the 1989 seeding numerous infected plants were found in mid-March in the unsprayed
control plots. However, infected plant counts were not made until April 24, by which time
plants that showed symptoms earlier had rotted and disappeared. Consequently, the
greatest number of infected plants were found in plots receiving one application of
vinclozolin at apothecium emergence. Percent stand estimates at this time were 6, 63, and
72% across all cultivars for the unsprayed control, 1 application, and 4 applications of
vinclozolin, respectively. This estimate more accurately reflected damage from SCSR than
number of infected plants/plot. Vinclozolin applied at apothecium emergence increased
dry matter yields by 39, 35, and 65% over the unsprayed control in the first production year,
and by 28, 38, and 58% in the second production year for Armor and Hi-phy alfalfa and
Arlington red clover, respectively. No significant increase in total seasonal yield was
obtained with 4 applications of vinclozolin in comparison to the single application
treatment,

Results indicate that vinclozolin applied at apothecium emergence in the fall can provide
control of SCSR in alfalfa and red clover and substantially increase forage yields.
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Di X W in ions in irri falf;

M. Shiek, S.D. Miller, F. A. Gray and D.S. Wofford
University of Wyoming, Laramie WY 82071

Alfalfa is grown on more acreage in Wyoming than any other crop. Alfalfa producers are
confronted with a number of crop pests including diseases and weeds especially when grown
under irrigation. Data on disease and weed interactions is extremely limited (1). Therefore the
objective of this research was to evaluate the impact of a disease susceptible and resistant
cultivar, seeding rate and pesticide treatment on alfalfa, weeds and disease over a 5 year period.

The trial was established May 1986 near Dayton, WY on a clay loam soil. The average annual
precipitation at the site was 12 inches with additional moisture (~ 12 inches) provided by flood
irrigation. The site was naturally infested with annual bluegrass (Poa annua L.), dandelion
(Taraxacum officinale Weber in Wiggers), common lambsquarters (Chenopodium album L.),
field pennycress (Thlaspi arvense L.), Shepherd’s purse (Capsella bursa-pastoris (L.) Medicus),
quackgrass (Elytrigia repens (L.) Nevski), Phytophthora megasperma Drechs. f. sp. medicaginis
Kuan & Erwin, Verticillium albo-atrum Reinke & Berth. and Ditylenchus dipsaci (Kuhn)
Filipjev. The experimental design was a randomized complete block with a factorial
arrangement and four replications. Experimental units were 1.5 by 4.6 m and consisted of 10
alfalfa rows with 15.2 cm between rows. Forage yield (alfalfa and weed), plant and weed
populations, and disease rating were determined during the 5-year period. A total of 10 harvests
were taken off the plots before the study was terminated.

Alfalfa yield and seeding rate were positively correlated, whereas weed yield and seeding rate
were negatively correlated. The lowest alfalfa yields occurred in the non-pesticide control plots.
The yield from plots receiving both herbicide and fungicide/nematicide were significantly higher
than either chemical along. There was a significant decline in alfalfa stand overtime regardless
of treatment. As disease increased, weeds became more prevalent in the non-pesticide control.

Literature Cited
1. Lamp, W.O., K.V. Yeargan, R.F. Norris, C.G. Summers and D.G. Gilchrist. 1986.
Multiple interactions in alfalfa pp. 345-364. In R.E. Frisbie and P.L. Adkisson (eds.),

Integrated pest management on major agricultural systems. Texas A&M Univ. Press,
College Station, TX.
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J.A. Thies, D.K. Bamnes, L.A. Wanschura, and C.R. Jones
USDA-ARS University of Minnesota
St. Paul, MN 55108

The root-lesion nematode (Pratylenchus penetrans) can reduce the establishment of forage legumes, including
alfalfa, in hay production fields, as well as in pastures. Alfalfa is frequently seeded in mixtures with
cool-season grasses and is interseeded into grass swards during pasture renovation. Therefore, it is important
to consider the host suitability and preference of root-lesion nematodes for forages that are grown in
combination with alfalfa.

Six forage legumes and grasses were compared for resistance to P. penetrans. Baker and MNGRN-16 alfalfas,
kura clover, sainfoin, quackgrass, and perennial ryegrass were grown in individual plastic tubes (72 tubes per
entry) in a growth chamber (25° C). One week after planting, 36 tubes per entry were inoculated with 200
P. penetrans. After 15 weeks, shoot and root dry weights of all entries were reduced by P. penetrans
(P<0.01). Baker alfalfa, sainfoin and kura clover had about 6,000 nematodes/root system compared to 4,000
for quackgrass, 2,600 for MNGRN-16 alfalfa, and 800 for perennial ryegrass.

In a second test, eleven forage legumes and grasses were evaluated for resistance to P. penetrans as previously
described except that 8 tubes/entry received 0, 200, 400 or 800 P, penetrans/tube, two weeks after planting.
Fifteen weeks later, shoot and fibrous root dry weights were reduced by P, penetrans (P <0.01). Nematode
reproductive factors (final nematode population/initial nematode population) were calculated for each entry
inoculated with 200 nematodes. The reproductive factors were: ‘Norcen’ birdsfoot trefoil (58), common kura
clover (39), ‘Eski’ sainfoin (27), ‘Baker’ alfalfa (23), MNGRN-4 alfalfa (15), MNGRN-14 alfalfa (14),
MNGRN-16 alfalfa (6), ‘Palaton’ (3) and ‘Rise’ (5) reed canarygrass, and ‘NK-200’ perennial ryegrass (35).
Reproductive factors and fibrous root weights decreased as inoculum levels increased.

We concluded that : (1) The forage species differed in resistance to P, penetrans. (2) Based on numbers of
nematodes and root and shoot weights, MNGRN-16 alfalfa was the most resistant forage evaluated.
MNGRN-16 was developed at St. Paul by three cycles of recurrent selection for resistance to the root-lesion
nematode. (3) Inoculum level is critical in nematode resistance evaluations. (4) This long-term growth
chamber test can be effectively used to evaluate forage species for resistance to P, penetrans.
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WY 82071-3354, USDA-ARS/Utah State University, Logan UT 84322, and
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The chrysanthemum foliar nematode (CFN), Aphelenchoides ritzema-bosi, has been reported to
occur in association with the alfalfa stem nematode (ASN), Ditylenchus dipsaci in alfalfa (1,2). In
a recent survey, CFN was recovered from 92% of 58 samples collected in California, Colorado,
Idaho, Montana, Oregon, Washington, and Wyoming which exhibited typical ASN symptoms
(swollen stem buds, stem necrosis, white flagging, and leaf distortion) (3,4). CFN constituted
23% of the total combined nematode (CFN and ASN) population from all samples. CFN percent
composition in individual samples ranged from 0 to 94%. Due to the frequent occurrence of both
nematodes in ASN-symptomed tissue, our present study was initiated to determine the reaction of
alfalfa cultivars to a mixed population of CFN and ASN.

Nine alfalfa cultivars were tested. Six cultivars were field selected for ASN resistance; Vernema,
Falcon, Cougar, FSRC-IH-171, Caliverde 65, and Lahontan. One cultivar (W2S2) was developed
with monoxenically cultured ASN inoculum. Two were susceptible checks (Ranger and Moapa
69). Seedlings and 6-week-old plants were inoculated with mixed populations of ASN and CFN
collected from ASN-infected stem bud tissue. After 4 weeks, plants were rated for symptoms of
ASN and CFN infection and nematodes were extracted from ASN-symptomed tissue using the
Baermann funnel extraction procedure. Nematodes were identified at 100 to 400x.

Resistance to the CFN was not detected in seedlings due to limited infection and/or reproduction.
The CFN was recovered from only 3 of the 9 entries in each of the seedling experiments. Seedling
mortality occurred in all entries and increased with the number of nematodes applied.

Both ASN and CFN were recovered from all entries in 6-week-old plant experiments. Disease
severity ratings for stem/leaf symptoms were significantly higher in Experiment 1, which had an
inoculum concentration of 56% CFN, than in Experiment 2, with a concentration of 6.2% CFN.
However, there was no significant difference between entries relative to the percent CFN recovered
in either experiment. There was also no differential resistance to CFN between field selected
entries and W2S2, selected with monoxenically cultured ASN inoculum, or between entries
selected from coastal California where the percent CFN in tissue may be relatively high, and other
areas where the percent CFN is lower. In both 6-week-old plant experiments, there was less total
nematodes/g of dry tissue and less CFN/g of dry tissue in ASN-resistant entries than in susceptible
entries. This difference was highly significant (P < 0.05) in Experiment 2. This implies that field
selection for ASN may have increased resistance to both the ASN and the CFN.
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Development of a Molecular Marker Linkage Map of Diploid Alfalfa

K.K. Kidwelll, C.S. Echt2, B. Lui3, S.J. Knapp3, T.J. McCoyz, and T. Osbornl
lpept. of Agronomy, University of Wisconsin, Madison, WI 53706; 2Dept. of

Plant and Soil Science, Montana State University, Bozeman, MT 59717; S3Dept.
of Crop Science, Oregon State University, Corvallis, OR 97331

Methods of molecular biology have been developed for detecting genetic
markers which are based on differences in nucleotide sequences of homologous
DNA fragments. The most widely used DNA markers are restriction fragment
length polymorphisms (RFLPs) (2) and random amplified polymorphic DNAs
(RAPDs) (3). These molecular markers have many potential applications in
crop improvement (2). For some of these applications, such as those
involving mapping and manipulation of genes in a breeding program, it is
necessary to determine the linkage arrangement of markers in the genome.
Knowledge of linkage arrangement allows the researcher to choose markers such
that all regions of the genome can be analyzed.

Due to the complex nature of segregation analysis in tetraploids, we chose to
initially develop a linkage map using diploid alfalfa. The population was
derived by crossing two parents from different populations of CADL (l). One
Fl plant was crossed to one of the parents to derive a backcross (BC)
population. The recurrent parent, F1 and 88 BC plants were analyzed for
RFLPs using genomic DNA and cDNA as probes on Southern blots, and for RAPDs
using arbitrary 10 base oligonucleotides as primers with the polymerase chain
reaction. These probes and primers had been prescreened to select those that
detected polymorphism between the parents.

The use of heterozygous parent plants resulted in several observed
segregation patterns for marker loci. RAPD loci segregated 1:1 (80 loci) or
3:1 (21 loci). RFLP loci segregated 1:1 (55 loci), 3:1 (3 loci), 1:2:1 (13
loci) or 1:1:1:1 (13 loci). In order to construct a single linkage map
including all segregating loci, we used a recently developed computer
program, G-Mendel 2.0. This program will determine the linkage groups, the
most likely order of loci within linkage groups, and the map distances
between adjacent loci for several different types of segregation data in a
single population. The amount of genetic information for linkage analysis
between loci with different segregation patterns varies greatly, and the
initial map based on the entire data set (167 loci) tended to cluster loci
which were the most informative with each other. To increase the overall
amount of linkage information in the analysis, we constructed two maps using
subsets of loci which were completely informative within each subset. The
larger of the two maps is 629 cM and includes 32 RFLP and 45 RAPD loci. We
are now working to combine the two maps using marker loci that are
informative in both data subsets.
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Association of RFL.P-Based Genetic Distances Among 2x and 4x
Alfalfa Lines with Performance of their Single-Cross Families

K.K. Kidwell, D.R. Woodfield, T.C. Osborn and E.T. Bingham
Department of Agronomy
University of Wisconsin
Madison, Wisconsin 53706-1575

Tetraploid alfalfa populations containing a maximum of two alleles per locus (diallelic-duplex)
were created by chromosome doubling diploid hybrids (1). Diallelic-duplex lines and their
diploid progenitors were used as parents to generate 4X4 diallels at the 2x and 4x ploidy levels.
Based on the established correlation between maximum heterozygosity and heterosis in
autotetraploid alfalfa (2), highest yielding populations should be obtained from hybridizing
individuals with the highest number of allele differences. Compared to the time and resources
consumed by progeny testing large numbers of genotypes, the use of molecular markers
provides an opportunity for efficiently assessing the level of genetic diversity among parental
lines within heterogeneous populations (3). The feasibility of using molecular markers for
predicting heterosis in alfalfa hybrids was tested by comparing the levels of polymorphism for
DNA restriction fragment lengths among parents in the 4X4 diallels with the yield
performance of their resulting single-cross (SC) progenies.

Performance of SCs was evaluated in replicated field trials over a two year period. As has been
observed in other studies in alfalfa (4), significant differences in yield were detected among SC
progenies but rankings were inconsistent across ploidy levels. Highest and lowest yields were
obtained from crosses involving the same parents at both ploidy levels, however. Diploid and
tetraploid parental lines were evaluated for restriction fragment length polymorphisms
(RFLPs) using 53 recombinant DNA clones. Fragment data were used to calculate RFLP-
based genetic distances according to the methodology of Nei and Li (4) and values agreed with
what was expected based on pedigree analysis.

In order to evaluate the relationship between genetic diversity and heterosis, regression
analyses were conducted on yield data obtained from SC families and their respective RFLP-
based genetic distance values. In results from the analysis at the 2x level, a very low
association between genetic distance and performance was detected indicating that RFLP-
based genetic distance measurements did not accurately predict performance of SCs of these
diploid lines. However, a high correlation between performance of 4x SCs and RFLP-based
genetic distances was detected and this association (r=0.84) was statistically significant at the
5% level. These preliminary results support the feasibility of developing a system for effectively
predicting hybrid performance of crosses based on molecular marker differences among
alfalfa lines at the tetraploid level.
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Development and Application of an RFLP Linkage Map for Diploid Alfalfa

E.C. Brummer, G. Kochert, and J.H. Bouton.
University of Georgia

We are developing a linkage map in diploid alfalfa. The two parents were derived from
the W2xiso population and from PI440501 (Medicago sativa ssp. coerulea). A single F1 from
this cross was selfed to produce a segregating F2 population of 86 individuals. Clones from a
cDNA library were screened on parental and F1 survey filters; single copy clones showing clear
segregation patterns, either 1:2:1 or 3:1, were then screened on the F2 population. Data was
analyzed using the MAPMAKER computer package and a linkage map was produced. The
current map (as of 6/11/92) has 104 cDNA markers covering 458.8cM in ten linkage groups.
Clusters of cDNA clones were seen in several locations. We plan to add genomic and RAPD
markers to the map in the near future to further cover the genome. Approximately 50% of the
clones showed segregation distortion, almost always in the direction of excess heterozygotes.
This may provide circumstantial evidence for the necessity of maximum heterozygosity in alfalfa
plants. We are now beginning a project to use the map in identifying chromosomal regions
associated with acid-soil (aluminum) tolerance.
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Ten to fifteen percent increase in forage production can be obtained in hybrid alfalfa, but production
of hybrids using available male sterility systems is inefficient due to nonpreference of bees for the pollen-
deficient male steriles. In our research alfalfa exhibiting a high level of self-incompatibility (SI), acceptable
pollen viability, and female fertility are being selected as parents for producing hybrid alfalfa. Ten elite
self-incompatible alfalfa plants selected from two broad-based multiple pest-resistant lines have been clonally
propagated and are being evaluated. Due to the lack of usable morphological or isozyme traits in this elite
germplasm, restriction fragment length polymorphism (RFLP) analysis is being used to determine hybridity
in crosses of these clones. Southern blots of EcoRI, EcoRV, Hindlll, and BamHI digested genomic DNA
were hybridized with random-primed labelled probes from random alfalfa seedling cDNA clones amplified
using the polymerase chain reaction (PCR) . More than 85% of the inserts hybridized to low copy number
sequences, and all 12 of the probes tested have detected RFLPs in these different clones. EcoRV and EcoRI
digests revealed the highest number of polymorphisms out of 24 probe/enzyme combinations scored, but
EcoRI RFLPs were easier to score due to a lower average size. Cluster analysis was performed on simple
matching coefficients for all visible bands scored to determine the degree of genetic similarity of the
different SI clones. Three clones, not all from the same parent population had nearly identical banding
patterns (93%), whereas the others had banding patterns which were less than 75% similar to each other
and to the other cluster of closely related individuals.

Three clones which were not closely related based on cluster analysis were chosen as parents to
assess the feasibility of using RFLP markers to detect hybrids. Two of the clones were from the population
(BMPS8) and the other was from the unrelated population (W10). The clones were crossed using a diallel
crossing scheme and the progenies were evaluated using EcoRI and HindlIlI and four probes (US, U25, U26,
and U27). The self progeny were evaluated to identify bands which were present in more than one copy
since such bands would appear in 83% of the hybrids.

Interpretation of the initial results are complicated due to the presence of extra bands which were not
present in the parents. The extra bands were not probe or enzyme specific, and the extra bands were usually
observed for more than one probe/enzyme combination. Most of the extra bands corresponded to those
observed in the other seven SI clones. Self progeny from one of the clones (BMP8-45) was very uniform
suggesting that the clone was free of plants from the other clones. Analysis of this clone (BMP8-45) crossed
with a self-incompatible from an unrelated alfalfa population (W10-710) revealed that 18% were selfes and
at least 48% were hybrids. The actual percent of hybrid seed produced on BMP8-45 is probably much
higher but because of the presence of extra bands not belonging to W10-710, the identity of the pollen donor
is uncertain.

Upon further evaluation of individual plants of the clonal material, we discovered that many of the
plants within the clones were no longer identical genetically. We are using the cluster analysis to identify
which plants are the original SI plants and once the contaminating plants are discarded, we will repeat the
diallel crossing scheme.

Despite our problem with maintaining pure plant material, we have been successful in identifying
probe/enzyme combinations which can identify genetically individual tetraploid alfalfa plants. This
atﬁ;ht;ology can be utilized to fingerprint self-incompatible alfalfa germplasm for the identification of hybrid

alfa.

37



Associating Molecular Markers With Disease Resistance

D. 2. Skinner®! and D. L. Stuteville?
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Molecular markers provide an opportunity to develop new methods of improving
plant populations through the incorporation of marker-based selection into
conventional breeding programs. However, the current methods of mapping
positions of markers onto genetic maps are inadequate for placing markers
proximate to genes conditioning traits of interest in tetraploid alfalfa
populations. The difficulty stems from the complex nature of genetic control
of most traits of interest in alfalfa, and the large populations needed to
obtain adequate numbers of individuals displaying the trait of interest in a
collection of progeny from a pair of parents. We are developing a method of
associating random amplified polymorphic DNA (RAPD[2]) markers with disease
resistance in agriculturally useful alfalfa genotypes. 1Initial studies are
based on resistance to Peronospora trifoliorum deBary (downy mildew).

Seedlings of UCl123 and UC143 alfalfa were tested and selected for
susceptibility and resistance, respectively, to P. trifoliorum isolate I-8.
UC143 was derived from UC123 through selection for resistance to isolate I-8
(1). The RAPD procedure (2) was carried out on 48 plants from each of these
populations. The frequencies of occurrence of individual RAPD fragments, and
combinations of two and three fragments, were tabulated for each population,
and statistically compared. Significant differences between populations were
sought as an indication of fragments associated with resistance. Ultimately,
such fragments will prove useful in selecting for disease resistance.

Combinations of fragments significantly more frequent in UC143 than in UC123
were found (Table 1), suggesting an association with resistance. However,
these combinations of fragments were not present in all resistant plants.
Similarly, combinations of fragments significantly more frequent in UC123
than in UC143 were found (Table 1). The associations again were not
absolute, indicating that recombination occurred between at least one of the
fragments and the genes involved in disease reaction. These results indicate
that the method under development is feasible and will yield useful markers
with further refinement.

Table 1. Frequencies of occurrence of three-way combinations of random
amplified polymorphic DNA fragments in alfalfa populations susceptible
(UC123) or resistant (UC143) to Peronospora trifoliorum isolate I-8.

Percentage Frequency in Chi-

Fragments Uciza3 UCc143 square Probability
MO1.1 MOl.2 MO02.2 18.7% 52.9% 11.0 <0.01
MOl1.1 MOl1l.2 MO06.4 6.0 48.8 48.9 <0.01
MOl.1 MO1l.2 MO07.3 5.5 46.2 24.7 <0.01
MOl.1 MOl.2 MO04.6 0.0 42.1 35.1 <0.01
MO1l.1 MOl1l.4 MO4.2 64.7 29.4 9.5 <0.01
MOl.1 MO04.2 M06.1 70.0 28.1 11.0 <0.01
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Expression of alcohol dehydrogenase enhances flooding tolerance in transgenic alfalfa
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The objective of our work is to enhance the persistence of alfalfa in the Northeastern region
of North America by enhancing its tolerance of environmental stresses, including freezing, ice-
encasement, and flooding. Our recent approach has been to introduce genes which have been
implicated in the tolerance of one or more of these stresses using the techniques of genetic
engineering and thereby modify the pattern or level of accumulation of the protein (enzyme). We
subsequently determine the effect of this altered enzyme activity on the transgenic plant’s tolerance of
stress. Two genes which are currently under study are superoxide dismutase (SOD) and alcohol
dehydrogenase (ADH). SOD has been widely implicated in the tolerance of oxidative stress which
occurs during periods of freezing, drought, et cetra. ADH, in conjunction with pyruvate
decarboxylase, catalyzes the anaerobic conversion of pyruvate to ethanol. This allows the fermentative
respiration of sucrose if oxygen supply limits respiration as occurs during soil waterlogging or ice-
encasement. Low ADH activity has been associated with low rates of gycolysis and low rates of
energy production during periods of anoxia. Inhibition of ADH with the inhibitor pyrazole increases
injury induced by root anoxia.

To determine if enhanced or altered ADH activity would influence alfalfa’s tolerance of soil
waterlogging, a number of transgenic plants were constructed in cooperation with Plant Genetic
Systems, Gent, Belgium. A genomic adh gene from Arabidopsis thaliana isolated by R. Dolferus was
modified by site specific mutagenesis to allow the Arabidopsis promoter to be removed and replaced
with the TR2’ promoter from Agrobacterium which was believed would provide root specific
expresion and auxin inducibilty to the adh gene. This modified gene was introduced into a binary
transformation vector, pADH3, which contained the left and right border sequences of the
Agrobacterium T-DNA, and the bar gene coding for resistance to the herbicide phosphinothricin as a
selectable marker.

Petiole explants from the alfalfa line RA; were transformed with Agrobacterium CS8CIRif
pMP90 pADH3 and cultured using standard procedures in the presence of phosphinothricin. Callus
was induced to form somatic embryos by treatment with 2,4-D and several putative transformants
were regenerated. Transformation was confirmed by resistance to phosphinothricin, accumulation of
PAT activity (product of the bar gene), the presence of an additional group of ADH isoenzymes in
callus and root tissue extracts, and by a PCR probe for the TR2’-adh construct. In one of the
transgenic plants the resistance to phosphinothricin was present in 67 cross-pollinated progeny in a
35:32 (tolerant:susceptible) ratio indicating a one gene insertion.

Ten transgenic plants were clonally propagated by cuttings that were evaluated for flooding
tolerance in 3 separate tests of 15 plants per test. The experimental design was a split plot in time
arrangement with systematic controls in each block. The plants were submersed in deareated tap
water for 21 days. Survival and regrowth was estimated for 3 cycles of regrowth after removal from
flooding. One transformant, RA;-adh3-3, was significantly more tolerant of flooding than the non-
transgenic control and the other transgenic plants. This plant was also more tolerant of ice-
encasement, but the increased tolerance does not seem to be due to increased total ADH activity. The
inheritance of this flooding tolerance and the adh transgene is under investigation.
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Variability for Stem Anatomy Amon ies i nnial Medi re Collection

J.G. Jewett* and D.K. Barnes
University of Minnesota and USDA-ARS, St. Paul, MN 55108

Lignin concentration is closely related to forage quality. Alfalfa stem anatomy also may be related to forage
quality. Kephart et al. (2) reported that lines selected for high digestibility (i.e. low lignin) were shorter, lower
yielding, and had more vascular bundles in the stems. They suggested that the greater leaf-stem ratios in highly
digestible lines required more vascular support. Akin et al. (1) found that the lignified ring and vascular tissues
in the stem were the main contributors to textural strength of the forage. Stem anatomy could also affect
aspects of forage utilization by ruminants. Lenssen et al. (3) suggested that the higher digestibility of some
diploid glandular-haired species was due to a larger cortex and smaller pith than in hay-type alfalfas. Physical
properties of stems also could affect the ease of chewing and retention time in the rumen. The goal of this
research was to evaluate differences in stem anatomy among plant introductions of perennial Medicago species.

We evaluated the stem anatomy of 221 alfalfa plant introductions, designated as the Alfalfa Core Collection.
The Core Collection represents most of the available genetic variability in the species. In addition we included
four checks: Vernal, Saranac, WL 322 HQ, and KS186GHISP6SAI. The study was planted at Rosemount,
MN in a randomized complete block with five replicates for a total of 1125 plots. Six to 10 stems per plot
were sampled from the first regrowth by collecting either the internode above the first flowering node, or the
third internode from the apex if no flowers were present. The samples were fresh frozen. Razor blade cross
sections were prepared from each stem in a plot. Cross sections were immediately stained with a drop of 1%
phloroglucinol solution, then observed under a microscope at 50X magnification. Stem cross sections were
evaluated for six stem anatomy traits: number, size, and arrangement of vascular bundles; ratio of pith to stem
diameter; lignified tissue type; and percent lignification. Thirty-nine entries were chosen as representative of
the observed variability.

Significant differences were observed among entries for all traits. Ratio of pith to stem diameter was the least
variable while percent lignin was the most variable. Percent lignin and lignified tissue type were the most
highly correlated traits (r = 0.635). Entries showed most combinations of traits; for example, some entries
had large bundles and high lignin, other entries had large bundles and low lignin. Variability between entries
in the Alfalfa Core Collection for stem anatomy traits indicates that plant introductions may be a valuable
resource for improving stem anatomy traits. Low correlations between traits indicate that predicting one trait
from another may be difficult. The practical value of stem anatomy traits should become more obvious when
they are related to forage feeding value.
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Tissue Culture Screening Procedure to Develop Alfalfa Germplasms Tolerant to Acid, Al-Rich
Soils
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Alfalfa is a very sensitive species to acid soils with toxic levels of aluminum (Al). The
development of alfalfa germplasms tolerant to acid, Al-rich soils could extend the use of
alfalfa to marginal lands, thus providing high quality forage at lower cost. The use of
tissue culture to select plants tolerant to heavy metal toxicity has been shown by several
authors. Parrott & Bouton (1990), studying Al tolerance of two alfalfa germplasms as
expressed in tissue culture, concluded that cell culture can be used to screen for acid or
Al tolerance. The objective of this experiment was to test if selection for Al tolerance,
based on a tissue culture assay, was effective in producing germplasm with better performance
in acid soil wunder greenhouse conditions. The germplasms were selected using the same
procedure adapted by Parrott and Bouton (1990). Initially calli were induced from petioles
of 100 randomly selected plants from the experimental germplasm 'Georgia TE' in a modified
Blaydes medium for 6 weeks. After that, the calli were divided into equally sized pieces and
transferred to 2 different media; one that was modified by lowering the pH to 4.0 and
lowering levels of calcium and phosphorus to simulate acid soils, and one with the same
modifications, plus toxic levels of Al. The calli were transferred to each respective medium
every 2 weeks, totaling 8 weeks of growth. After this time, the plants with the best ratio
obtained by dividing their net callus weight on Al medium by their net callus weight on the
medium without Al, were selected and intercrossed to form a new germplasm. This new
germplasm was again selected in tissue culture and intercrossed to form a germplasm called

'High Ratio' (HR). Similarly, the ten plants with the best net callus weight on the Al
medium were selected and crossed for 2 generations to form a germplasm called 'High Net'
(HN) . The resulting germplasms were evaluated in the greenhouse using 720 ml styrofoam cups
filled with 930 g of soil. The so0il was a Cecil sandy loam with the following
characteristics: pH,,, = 4.70, Alc, = 0.29 me /100 g (Al saturation = 41%), calcium = 0.28
me /100 g, magnesium = 0.07 me /100 g of soil, phosphorus = 8 kg ha' and potassium = 54 kg
ha'. The soil treatments were: a) cups completely filled with limed and fertilized soil
(LFS); b) cups completely filled with unlimed and unfertilized soil (UL) and c) cups first
filled with 720 g of unlimed and unfertilized soil and then topped with 200 g of limed and
fertilized soil (PLFS). The germplasms tested were: 'AT', an acid tolerant germplasm derived
from three cycles of recurrent selection (Bouton and Radcliffe, 1989), and which has served
as an check for acid tolerance, Georgia TE, and the two 2 germplasms, HR and HN. The plants
were grown for 8 weeks at which time the cups were marked at 11.25 cm from the base and cut
into 2 portions, the top, including crown and the top 3.5 cm of roots and bottom portion with
the remaining roots.

The soil used greatly reduced yield of all germplasms. Top yield was not affected either
by the LFS or PLFS, but HR and HN tended to yield more than the other germplasms. HR yielded
more roots than all others in both LFS and PLFS. 1In the UL, HR was the best germplasm,
yielding significantly more than any other germplasm. Although these results need to be
confirmed under field conditions, selection for tolerance to acid, Al-rich soils by screening
parents based on their performance in tissue culture seems feasible and could be coupled to
a whole plant selection screening procedure to produce tolerant germplasm.
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During 1990 and 1991 a total of 94 M. sativa germplasm pools from the Peoples Republic of China
(PRC) were introduced to the United States of America (USA). Very little information is available from either
Chinese or American literature about the characteristics of this germplasm. The objectives of this research are
to characterize the allozyme, morphological, and agronomic variation among and within PRC alfalfa germplasm
resources and to compare that variation with the variation present in alfalfa germplasm currently used in the
USA.

This report is a preliminary analysis of the 23 officially approved (National) Chinese cuitivars. Nine
USA cultivars (Norseman, Vernal, Ranger, Saranac, DuPuits, Lahontan, Mesilla, Moapa 69, CUF101) were
also included as standards. Forty-five individuals from each of the accessions were planted as a randomized
complete block design with three replicates in the greenhouse at Davis, CA. Allozyme allele frequencies were
determined for leucine amino peptidase locus two (LAP 2), peroxidase locus two (PER 2), and fluorescent
esterase locus one (FEST 1) using the boric acid system of Quiros (1981) and the staining recipes of Soltis et
al. (1983). Allelic frequencies at each of the allozyme loci were used to determine Nei’s genetic distances and
"heterozygosity.” Genetic distances were subjected to a paired group method of cluster analysis. Software for
computing Nei’s distances and the cluster analysis was obtained from Dr. Kermit Ritland (Dept. of Botany,
University of Toronto, Toronto, Ontario MS5S 3B2, CANADA).

PRC and USA germplasm differed in both the number of alleles present and the