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Introduction.

Since early in 1982, the Decartment of &gronomy and Soil
Science of the College of Tropicsl Agriculture amd Human Resources
at the dJdniversity of Hawail has conducted research on species of
the genus Sesbania and their potential contribution to farming and
agroforestry cystems in the tropics and subtropics. This report
reviews and summarizes the activities of the project., The
findinge of the project’s experimental and information-gathering
activities indicate that Sesbania species can play important roles
in ageveloping country agricultures and economies as sources of
animal feed, pulp fiber, fuelwood, and biological nitrogen.
~dditional work witﬁ these plants should be untertaken in orcder %o
make further progress in the varietal selection and crop
management activities initiated in the present program, and to
advsnce selected plant materials into recearch phases emphacizing
utilization,

A

& brief description of Secbanis.

zesbania is a genus of about S0 species of fast-growing
lequminous trees, perennial shrubs, and herbacecus annuale which
arow vear-round in the tropics and subtropics and as summer
annuals in temperate zones. ThHese plants often host exceptionallw
vigerous associations with nitrogen-fixing Rhizobium bacteria,
characterixed by rapid development of large, numerous root ncdule
clusters. Because the plants tolerate & range of soil

environments considered difficult for most legumes, they can be



sources of nitrogen fixation and biomass production on diverse
lands which would not ordinarily permit legume growth. Species
are found which flourish in soils which are low in phosphorus, or
are saline, alkaline, acidic, waterlogged, or flooded. The use of"-
cesbanias is confined to limited areas of the world where local
knowledge has developed concerning their advantages, as in India
where the annual Sesbanis bispinnsa has been extensively used as a
green manure crop preceeding rince, and as in Indonesia where the

perennial 3. grandiflora is grown for fodder and soil improvement

and has been 3 source of pulpwcod. Both of these crops were
recognized in National Academy of Science publications on
promising tropical legqumes and firewooed crops. AT a 1982 workshop

on nitrogen fixing tree germplasm resources, Secbania agrandiflors

w stegorized at research priority level 1 for fodder and food
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potential importance to both the humid, and arid and semiarid

tropics. Sesbania sesban also was inclused in MaS“s "Firewaood

Creps, Volume 2" as a resource for arid and semi-arid rsgions.

Each of these and a number of other sesbanias can become important
multi-purposes sources of animal fodder, fuelwood, and pulp fiber
and carn contribute to people’s diets by improving the ferrtility of

the soils where they are grown.



& review of project activities.

The information—-gathering function of the project has
resulted in a comprehensive document summarizing available
literature on the characteristics and uses of Sesbania species
Wwhich will serve to introduce Sesbania to researchercs in
agriculture, plant science, and related specialty fields. A draft
of this review is attached (Appendix 4), and the authores are
seeking an appropriate means for its publication. Information has
also been sought through correspondence which has solicited
germplasm contributions, sounded the extent of interest and
research focussed on sesbanias, and attempted to elicit
experimental cooperation and continuing interaction. Certain
individuals and institutions have thus been made aware of the
project’s activities, and some of them have contacted us for
information and seeds. A list of Sesbtania accessicns and their
sources, assembled bv the Proisct Associate prior to and during
the funded period, is qiven in Appendix 1. Individuals to whom
Zesbania germ plaem has been distributed under the proiect are
listed in Appendix 2. A list of persons contacted who are
invelved in Sesbeanis research, and their special areacs of
inter2st, is given in Appendix 3.

Experimental activities of the project have been of broad
scope. Many of the species assembled in the germplasm collection
had never before been tested agronomically. A species observation
planting during the first project year allowed assessment of

accession growth form and habit, genetic wariability, flowering



habit, and suitability for further experimentation. Seed was
increased, permiting subsequent project experiments and
dissemination to other researchers. Herbarium voucher specimens
were taken for deposit in the University of Hawaii Herbarium
(HAW), the Bishop Museum Herbarium (BISH), the Smithsonian
Institution (U.S.), and in the Kew Herbarium for identification by
cooperators there,

In order to have an effective Rhizobium inoculum for

experimental use, and to ascertain the extent of host-strain
compatibility within the genus, strain tests were performed using
various 3esbania species inoculated with a number of Rhizobium
isolates obtained from sesbania nodules. The result was ths
selection of a strain mixture capable of nodulating mos. sesbanias
and showing high nitrogen-fixing (acetelene reduction) activities.
A similar test was dons subsequently bv this department’s NifTAL
Project (P.0. Box "0", Paia, Hawaii 326779), from which researchers
may obtain inoculants for Sasbania species.

Esperiments on the tolerances of sesbanias to various soil
conditions wer2 conducted in pnots in the glasshouse, Their
ability to tolerate waterlogging and flooding was confirmed and
found to be present in the majority of zesbanias tested. Most of
them develop aerenchvma tissue along stems and roots in response
to flooding; large intercellular spaces in this tissue allow air
to travel beneath the water level and permit root respiration and
nodule activity under conditions which would stop N-fixation in

mnst lequmes. At least one species has the unusual capability to



produce stem nodules, increasing the potential for development of
nodule mass with the possibility of substantially increasing N
accumulation. These unique tolerances and abilities afford
cpportunities for sesbanias to provide nitreogen to rice cropping
sycstems,

Eecausze rice-growing soils are often deficient in phosphorus
(P), a sesbania promising as & green manure was grown in a
P-deficient paddy soil to which increasing levels of fertilizer P
had been applied some years previously. Good growth and lack of &
marked response to increasing scil P levels c¢ffered the
poscibility that under floocded conditions the low phosphorus
fertility characteristic of many rice-growing soils will not
severelv limit sesbania growth.

Tolerance of soil acidity by selected secbanias was studied
using an Ultisocl typical of (he infertile, acid, leached,
sluminoue co0ils common in the tropics, and an Oxisel containing
toxlc levele of manganese. A suite of 28 sesbania accessions was
tested in these <o0ils, with or without lime. There was a
relatively consistent tolerance to soil aluminum but & variable
tolerance to scil manganese amona these accessions. Flant
accezsions which demonstrated varying degrees of aluminum
tolerance were grown in a third experiment, testing response to
aprlied phosphorus with and without lime and mycorrhizal
inoculant. These studies have added to our knowledge of the range
of acid soil adaptation in secbanias, thus far confined to

unsubstantisted reports that certain species tolerate acid ucland



tea—-growing soils of Assam, or the severely reduced acid sulfate
soils found in South-east Asia. Results of thig series of
experiments are being prepared for journal submission. The
tolerances indicated by these studies indicate that field studies
on acid soils would be appropriate.

Tolerance of soil alkalinity and soil salinity among
sesbanias is well known, because of the use of S. bispinogsg for
saline—alkali soil reclamation in India. Our project has supplied
Sesbania seed to two scientists for studies on salinity tolerance
{see Appendix 2).

Growth experiments at field sites were an important part of
the project’s assessment of sesbanias. The observation plantinag
provided information on differences among accessions and allowed a
preliminarv selection of better varieties. UObservations on
flowering, seed vields, and pest incidence were also made. Certain
accessions were then moved on to vield trials, with annual and
perennial species grown in seperate experiments. Drafts of
reports on these experiments prepared for submission as journal
articles are attached (Appendix S, &).

One yield trial compared biomass production of 35 annual
accessions over a 3-month pariod during the summer. Plots were
sown at a population c¢f 125,000 plants/ha (20 x 40 em), which
encouraged vertical growth and stem production. Such a planting
should be typical of a pulpwood plantation, and results indicate
that annual sesbanias are promising materials for pulp and paper

industries in developing countries, DOry matter production levels



of the more productive entries were in the range of 13-17 tons/ha
on the medium fertility site to which only phosphorue fertilizer
had been applied. Nitrogen conterits of harvested tops of thece
entries ranged from 150 to 225 kgsha. Further studies shouid ceak
optimal planting densities and fertilizer inputs for maximized
biomaes vields, and should examine the dynamice between plant
population and growth period, carbon-nitrogen accumulation ratics,
and the ratio of above-ground and below-ground yield comoonents as
it affects soil organic carbon and soil nitrogen benefits to
subsequent crops.

4~
~!

Simultaneous to this planting, a subset of 10 of the &
annual entries was sown separatelu to determine ptoductian over 3
shorter period, as for a green manure cron, and rearowth in
response to cutting. The nitrogen content of tops harvestea seven
weeks from planting was about 100 kg ha, and the regrowth of & aut

of 10 entriee vielded an additional 100 kg ha nitrogen at a second

cut five weeke later.
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A second vield trial compared perennial secsbania acces

for feocder production. Yarieties of S. sezban, one endemilc

Hawsziian se:zbania, 3. formosa, and several 5, grandiflors

scceesions were included, plus two non-sesbanias, Leucsena

leucocephala and Calliandra gallothvrsus; in all, 17 sesbania

accessions were tried. The data indicated very rapid initial
qrowth and reqrowth after cutting for some zeshban entries, and
hiah production lewels greater than those of leucaena for most

cezbanias, Future work with perennial sesbanias should determine



optimal harvesting manner aind interval, seasonal variation on
growth, management techniques to regulate fuelwood-forage vield
ratios, response to fertilizer applications, and feed quality.
Such additional information would be relevant to an array of

ucers, from leaf protein extraction industries to subsistance

farmers raising ruminant animals.



Project-Related Publications

Evans, D.0. Sesbaniz flowering observations. Nitrogen Fixing
Tree Research Reports 1:42. 1983,

Evans, D.0. Search for seed cf Sesbania grandiflora. Nitrogen
Fixing Tree Research Reports 1:43. 1983.

Evans, D.0.; Yost, R.S.; and Lundeen, G.W. A selected and
annotated bibliography of tropical green manures and legume
covers. Hawaii Institute of Tropical Agriculture and Human
Resources Research Extension Series 028. 1983.

Evans, D.0. Preliminary observations evaluating perennial
sesbanias for fodder production. Nitrogen Fixing Tree
Research Reports 2:32., 1984,

Evans, D.0.; and Rotar, P.P. Productivity of Sesbania species:
1. Annual species with and without cutting management.
submitted: Tropical Agriculture (Trinidad).

Evans, D.0.; and Rotar, P.P. Productivity of Sesbania spacies:
2. Perennial species for fodder production. submitted:
Tropical Agriculture (Trinidad).

Evans, D.O.; and Rotar, P.P. Sesbania species for agriculture.
in review.

Huang, R.S.; and Evans, D.O. Response of Sesbania species to
lime and phosphorus in aluminum and manganese dominated
acid soils. (tentative title) in preparation.

The Project Associaced is listed as a Research Contact in
Firewood crops: Shrub and tree species for energy
production, Volume 2. (National Academy of Sciences, 1984)
regarding Sesbania sesban.

The Project Associated is listed as a Sesbania seed source in
Suppliers of Germplasm of Nitrogen Fixing Trees (J.W. Turnbull,
CSIRO Division of Forest Research Report No. 16, 1984).



SESBANIA SPECIES ACCESSIONS

DEPARTMENT OF AGRONOMY AND SOIL SCIENCE

UNIVERSITY OF HAWAI I

APPENDIX 1.

ACCESSION  NAME AS GEOGRAPH I CAL DONOR
CODE RECEIVED ORIGIN DES IGNATION

SESBAN __ ACCESSIONS

SB1 sesban Kenya

s$B2 sesban Belglian Congo Pl 247857

SB4 sesban China Pl 279601

SBS sesban Srl1 Lanka

SB6 sesban Indla Pl 228236

SB7 aeglptlana Venezuela CIAT 0767

SB8 sesban Indla Pl 215608

PD1 paludosa Halnan PRC

PD2 pal udosa S. Vletnam

X2 sp. Brazl| CIAT 7954

SB9 sesban Rwanda

SB10 sesban Yenezuela CPl 28114

SB11 sesban Burma CPIl 30774

SB12 sasban Ugnada CPl 32225

XW Sp. Paklstan

B49 aculeata Paklstan .

SB13 sesban Egypt NFT 159

SB14 sesban Java

SB15 sp. EgyptT

SB16 sesban var. Zlimbabwe HDLC 346

nublca

SB17 sesban Uganda

S818 sesban Maurl+lus

SJ2 Jjavanlca CPl 34853



ACCESSION NAME AS GEOGRAPH | CAL DONOR
CODE RECE IVED ORIGIN DESIGNATION

BISPINOSA/CANNABINA SPECIES COMPLEX

BA1 Indla USDA BN 14717 62

BA2 Indla KAR, Pl 430522

BA3 Indla CRR1

SC1 serlcea Austral la Pl 284844

81 cannablna Indla Pl 180050

82 cannabina Halnan PRC

BA4 bl splnosa PR Chlna

EX1 exasperata Brazl| Pl 322626

EX2 exasperata Argentina Pl 337595

BAS acul eats Indla

83 cannablna N. Vlietnam

B4 cannablra S. Vletnam

c85 cannabina Austral la Walmea 74S46

BA6 Sp. Indla Cssi

EX3 exasperata Sur | nam CPl 63925

SC2 sericea Sur I nam CPl 63926

cs6 cannablna Austral la Q 1424

87 cannablna Australla CQ 1445

a8 cannablna Botswana CPl 78174

BA7 bisplnosa Indla CPI 71021

BA8 bispinosa indla CPI 71022

-SM1 simplicluscula Australla xR 1425

BA1D Sp. S. Indla

BAl1 Sp. Bhola |, Bangladesh

BA12 blspinosa Indl a?



ACCESSION NAME AS GEOGRAPH | CAL DONOR
CODE RECEIVED ORIGIN DES IGNATION
SUBGENUS AGAT] ACCESSIONS
GL1 grandiflora (c)* Hawall
GL2 grandlflora (w)* Hawall
GL3 grandlflora (w) Phillpplines
GL5 grandliflora (w) Guatemala CATIE 1147, NFT 383
FO1 formosa Australla 0Q 1614
FO2 formosa Austral la CQ 1146=-26, NFT 167
GL6 grandiflora (c) Java
GL7 grandlfiora (w) Java
GL8 grandlfiora (w) W. Samoa N=-207
GL9 grandiflora (w) Hawal | NFT 303
GL10 grandl flora NFT 374
GL1Y grandl flora India NFT 519
GL12 grandiflora Hawal | NFT 557
GL13 grandlflora Java N=67
GL14 grandiflora Thal | and N=-78
GL16 grandiflora Indonesia Pi 477302
GL17 grandiflora India N-280
GL18 grandlfiora Indla
¥ ¢ = red-flowered, S. grandlilora var. coclnnea.
w = whlte-flowered.
OTHER DISTINCT SPECIES ACCESS IONS
PC1 pachycarpa Belglan Congo Pl 247856
PC2 pachycarpa Senegal
PC3 pachycarpa Senegal CPl 50978
PC4 pachycarpa Togo
SP1 speclosa Srl Lanka Pl 219851
SP2 speclosa Srl Lanka
TP1 tetraptera Swazlland Pl 365143
AB1 arablca Turkey Pl 167290
AB2 arabica Afghanlstan Pl 212624
AB3 arablca Afghanlstan Pl 167069
SJ1 javanica Australla
MN1 macrantha Rwanda
MN2 macrantha Zlmbabwe HDLC 2198
MN3 macrantha Tanzania
MN4 macrantha Tanzanla
MP1 mlcrophylia Zambla CPl 39959
MP2 microphylia Zlmbabws HDLC 2199
CH1 cochlnchinensis Hong Kong CP| 91846
Co1 coerul escens Zambia CPl 39958
Co2 coerul escens Zimbabwe HDLC 2197
RS1 rostrata Senegal
RS2 rostrata Zimbabwa HDLC 346
EB1 erubescens Australla 0Q 1776
BR1 brevlpeduncul a Zimbabwe HOLC 445



ACCESSION NAME AS GEOGRAPH | CAL DONOR
CODE RECEIVED ORIGIN DES IGNAT ION

UNIDENTIFIED SPECIES ACCESSIONS

XJ Sri Lanka

XA u.S. P! 302088

X1 Venezuel|a CIAT 0708

XE7 Talwan E7

XE8 Talwan EB

XE70 Talwan E70

XE3 Talwan wild

X31 Brazil CIAT

X32 Brazii CIAT

X33 Brazl| CIAT

X35 Brazll CIAT

X62 Cuba CIAT

SB3 seshan OkInawa USDA 233551

HAWALJAN SPECIES ACCESS[ONS

SO1 oricola Oahu, Hawail

TO1 tomentosa

TO2 (ARS5) arborea Molokal, Hawall PMC

AR1 arborea Molokal, Hawall Waimea 745921

AR2 arborea Molokal, Hawall

AR3 arborea Molokal, Hawall

AR4 arborea Molokal, Hawall

MK 1 manaensis Kaual, Hawall

NEW WORLD SPECIES ACCESSIONS

vCi1 ves|carl|a Texas

vC2 vesicarla PR=-43963

DM1 drummond! | PR-43878

DP1 punicea u.s.

DP2 punicea R.S. Africa

DP3 punicea Brazil, Sao Paulo

DP4 punicea u.S. NU-53123

MG1 marginata Uruguay Pl 175007

XG sp. Braz!|

VGI virgata Brazi|

XP emerus Peru

MA1 macrocarpa Australia Pl 16862

MA2 macrocarpa Mexico Pl 296055

MAS macrocarpa Uruguay P! 175006

MA4 sp. Arizona 64-655-B01



APPENDIX 2.

University of Hawaii at Manoa

College of Tropical Agriculture and Human Resources
Department of Agronomy and Soil Science
3190 Maile Way ¢ Honolulu, Hawaii 96822

Telephone: (808) 948-7530 ¢ Cable Address: UNIHAW

LIST OF RECIPIENTS OF SESBANIA SPECIES GERMPLASM

for the period February 1, 1982 to January 31, 1985.

R. Skollmen

Institute of Pacific Iclands Forestry, U.S. forest Service
1151 Puachhoul St., Honolulu, Hawaii

§. arborea RR4, T02; S. formosa F2.

Adaptability triais, Molokai, Hauaii

M.0. Benge

SBT/FNR Agro-forestation, USRID
Uashington, 0.C.

§. sesban SB10, W, SJ2, S. bispinosa BA12
Oistribution

PK.R. Hair

International Council for Research on Rgro-Forestry (ICRAF)
Nairebi, Kenya

§. sesban 981, S810, ¥, SB9

Observation trial, Kenya

U. Kottenmeinr

Botany Oepartment, U. of Hawaii
3190 Maile Uay, Honolulu, HI 96822
$. bispinosa BR6

Salinity tolerance experiment

P. Singieton

NifTAL

P.0. Box °0°, Paia, HI

BRLZ, SB10, GLL, RSI, XC3, MA4, 4P, 6L2, PCI, MM
Rhizobium strain compatability



£. Hansen

Oept. of Land, Rir § Uater Resources, U. of (alifornia
Davis, CA

6L1?, BAG, SBE, RSI, SB13, EX3, PC2

Salinity tolerance studies

SN, Desai

A1l India Conrdinated Project for Research on Forage Crops
S8, SA13, 589, 5B2.04

Observation -

C.-K. Pan (Pan Chih-fang)
Chinese Academy of Forestry
Uan Shou Shan, Beijing, China
5813, 6L17

fdaptability trial network

M. Habte

Dept. Rgronomy & Soil Science, U. of Hawaii
Honolulu, HI 96822

olL1?

Mycorhiza study

A.C. Peters

U. of South Pacific
Uestern Samca

9813

Observation

H. Bornhorst
Ronolulu Zoa
Honolulu, HI
SB1, ML, SJ1, GLL7, CO1
Landscaping

S.U. Hegde
Oept. of Microbiology, U. of Agricultural Sciences, A.K.U K. Canpus

Bangalore 560065 India
5813, 561, BS1
Observation

R.-5. Huang (Huang Reuy-Shang)

c/o Dept. fgronomy & Soil Science, U. of Hawaii
Honolulu 96822 HI

BA6

Hycorhiza study



5. Somphone
c/o Agroneny & Soil Science, U. of Hawaii
XP, BR1Z, SB10, SBI

Observation, Laos

R. Huniappan
581, 5810
Observation, Guan

C. Cross

Houard University, Uashington, 0.C.
§J2, B9, SB13

Seedling ecology study

R. Ueejuardena/l. Glover
P
Candidate green manure, flooded conditions

P. Chandrasekharan

Dept. of Forage Crops, lanil Nadu Rgricultural Univ.
Coimbatore 641003 India

6L1, F02

Frederick J. Peabody
353 Bessey Hall

Iowa State University
Ames, Iowa 50011

Xp

botanical studies

T. Zeuner

Projet de Developpement Agricole
c/o ARAC Centrale

BP 86 Sokode, Togo

SB13, SBl, SPl, SC2, BA6, GL2
Observation, Togo

K.M. Siddiqui

Forest Products Research Division
Pakistan Forest Institute
Peshawar, Pakistan

S. arborea

Observation, Pakistan

B. Dreyfus

Laboratoire de Biologie des Sols de 1'ORSTOM
B.P. 1386, Dakar, Senegal

TP1

nodulation studies

O



APPENDIX 3.

University of Hawaii at Manoa

College of Tropical Agricullure and Human Resources
Department of Agronomy and Soil Science
3190 Maile Way ¢ Honolulu, Hawaii 96822

Telephone: (808) 948-7530 ® Cabie Address: UNIHAW

List of Individuals

With Interest in Sesbania Research and Utilization

Azad M. Osman

School of Agriculture, Univ. of Mauritius
Reduit, Mauritius

BNF, legume utilization

Tim H. Zauner

Office Aliemand de ia Cooperation Technique 5.A.R.I., Projet ca Developpement
fgriccle de la Fegion Centrale

E.”. 85, Sokoce, Togo

cropping systems, legume utilization

L. Mark:ila

SPM Consulting Ltd.

2433 Commerc:al Drive, Vancouver, B.C., Canada USN 4EB8
pulp and paper

R.L. Oliver

Smithsonian Institution

Botany, NHB w 507, Washington, D.C. 20580
chromosomes )

#. Egger

Sctanisches Institut, Universitat Heidelberg

Im Neuenheimer Feld 360, 69 Heidelberg, West Germany
botany, African spp.

G.P. Lewis

Royal Botanic Gardens

Kew, Richmond, Surrey TW3 3AB, England
bhotany, taxonomy

M. Coburn Williams

Potsonous Plant Research Laboratory, USDA/ARS

UMC 45, Biology Dept., Utah State Univ., Logan, Utah 84322
toxicity



S.N, Desai

Mahatma Phule Agric. Univ,

Rehuri 413722 Dist. Ahmednagar, Irndia
agronomy, forage, cropping systems

R. Monteiro

Departamento de Botanica, Instituto de Biociencias, UNESP
C. Postal 178, 13502 Rio Claro, SP, Bra:zil

botany, taxonomy

Walter J. Bray

Meals for Millions

1644 DaVinc:1 Court, P.0. Box 2000, Davas, CA 95817
leaf protein extraction

Charles R. Gunn

Flant Exploration & Taxonomv Lab, USDA
Bldg 265, BARC-East, Beltsville, MD 20705
weed seeds

T. Celander

fpssistance to soi1l and water conservation project (FAQ)
P.0. Box 5580, Addis Ababa, Ethiopia

plant 1ntroduction

B. Bectk
.0, Box 727, White River, Eastern Transvaal 1240, Rep. S. Africa.
weed gums, fuelwood

L. 5t. Lawrence
Jenkins Well, 288 London Rd., Deal, Kent CT14 SPR, England
seed gums

R.6. Escalada

Dapt. Agronomy & Soil Science, Visayas State College of Agric.
Levte, 7217-A, Phalippines

N~T research

R. Labelle

ICRAF Information & Documentation
P.0. Box 30677, Nairob:, Kenya
Agro-forestry, i1nformation

I.M. Wood

CSIRO Div. of Tropical Crops & Fastures

306 Carmody Rd., St. Lucia, Qld. 4067, Australia
qgermplasm, agronomy, uses

P.D. Chavan & R.A. Karadge

Shivaji Univ,

Kolhapur 416004, Maharashtra, India
sajt tolerance



M. Athar

Soi1l Biol. Lab., Pakistan Agric. Res. Counc:l

National Agric. Res. Center, P.0. National Health Laboratories, Islamabad,
Fakistan.

BNF, nodulation, green manuring

J.A. Moughalian
P.0. Box 2225, Cairo, Egypt
seed gums

Ir. Soedjoko Dirdjosoemarto

Dept. of Silviculture, Faculty of Forestry, Gadjah Mada Univ.
Yogyartarta, Indones:a

agroforestiry

R.N, Joshi

Dept. Botany, Marathuada Univ,
Aurangabad 431004 Ind:a

leaf protein extraction

B. Dreyfus

Laboratoire de Biologie des Sols de 1'ORSTOM
8P 1386, Dakar, Senegal

BNF, S. rostrata

Chia Huang ‘
Counci! for Agric. Planning & Devel. Executive Yuan
27 Nanha: Rd., Taipei, Taiwan 107 ROC

forage

See also: Appendix 2.
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INTRODUCTION.

#Qriculture is a process of bringing plant growth under
corntrol =nd modifving it so as to produce == it is hoped —-- the
maximum benefit to man. Food production has alwave been the
paramount goal. rMAs agricultural systems have developed, plants
ror purpocses other than food have come under management, to
produce feed for animals, fiber for clothing, cordage, and paper,
wead for fuel and structures, and other industrial and medicinal
products,

Many of these cecondary agricultural commodities were once
gather=c from naturallv occurring plant communities. Much of the
‘irsweod consumed by man is still collected from forests ar from
sub—-arasble, uncropped lands. By encroaching on these lands and
brirging them under cultivation, we destroy these natural rescurce
syetems. thue bringing upon ourselves the burden of growing what
w&z once provided by nature., For example, we must grow the
fuelwood to cecok the grain {which has usurped most lands for miles
around' and to heat the homes of people whom the grain iz grown to
fees, We also bear the recsponcibility, too often unacknowledged,
to rmansge cour lands in waye which preserve them and sustain their
proguctivity,

Unfortunately, our needs to use lands have grown fTaster than
our understanding of ecoclogical processes, faster than our
traditional attitudes toward land use can change, faster than our
imaginatione can evolue to deal creatively with the dangers and

challenges implicit in our actions.



This report cdescribes the characteristics and the past and
potential uses of plants in the genus Secbania. Most of these
plants are still wild, a few have been ‘discovered’ recently, and
some have long been in use by farmers in certain parts of the
world.

Sesbania species are not food plants, except in some minar
instances where leaves and flowers are consumed as wegetables.
They serve subsidiary purposes when brought intc cultivation. The
major use for which they are known iz as greea manures to imprgove
production of food crops. To lesser extents thev are grown for
animal fodder and for their wood for fuel, poles, and light
construction. Thev have been adopted for these uses because
agriculturists have been impressed by their special gualitiss of
vigorous growth, adaptsation fto waried s01l environments, and
enhancemant of <soil fertility where they are grown.

Some potential uses of Sesbania have obvious benefits. There
is great scope for expanded use of perennial Sesbania species fo
improve animal nutrition. Selection of appropriate varieties of
annual species for pulpwood and development of agronamic
techniques to grow them for pulp fiber can provide a mew cash crop
and foster local industries in developing countries wherea
increased literacy and consumerism increases demands for paper.
The expanded use of Sesbania species’ biologically produced
nitrogen in cropping systems even has eqalitarian qualities:
instead of submitting to the grip of the moneylender to buy

fortilizer to increase vields, farmers can themselwves provide



home—grown, low=—cost inputs to their production systems. Using

appropriate aqronomic techniques and farm management <kills, and
seed grown on the farm, farmers can be zided by these legumes in
pulling themcelves up by biological “bootstraps’,

There are other less obvious benefits to be gained bv
expanding roles of legumes such ac Sesbania species for
agriculture. These involve the concepts of diversified cropping
and conservation—efrective cropping. Both of these concepts are
increasingly impertant as their rcle in long-term maintenance of
soil productivity is recognized. Crop diversification implies a
variegated agricultural resource base and localized
self-gufficiency for numerous agricultural products. Variety in
plant typss and functions promct=s nutrition and soil rertility,
insuree against crop failure, provides genetic reservoirs, is
univercally pleasing; it imitates nature. Concervation—-gffective
cropping implies an integration of plant materials and management
techniques such that the soil surface ic protected from ercsive
forces, soil structure is maintained in the most favorable
condition, so0il nutrients are cvcled, and soil loss is minimized.
It toc imitates nature. These concepts are deriwed and intimately
related by their foundaticons in nature, and their
conceptualization is necessitated by ocur lack of harmony with it,
our lack of sufficient respect for it, our lack of proper
husbandry of it.

Sesbania species are plant resources which are valued highly

by those who know and ucse them. This report is presented to



broaden the acquaintance of scientiists and agriculturists with
these plants, so that thev might be more appreciated, studied, and
utilized. We have not intentionally neglacted or misrepresented
any aspect of Sesbania research and utilization, but if we have

done co, correction by our readers will be received with

appreciation,



1. OTaNY OF SESBANIA.

The a2nus Sesbania Scopoli is placed in the family
Lequminocae, subfamily Papilionoideae; it has recently beerr moved
from the tribe Galegeae to the tribe Robinieae by Polhill & Souzs
(1981). With about 50 species distributed in the tropics and
subtropics, Sesbania is one of the smaller genera in the
Papilionoideae but is the largest of the 21 genera in its tribe.

Sesbania species are divided intc at least 4 subgenera, cof
which two, Sesbania and Agqati, contain species of potential
agricultural value. The subgenus Sesbania comprises most of the
zpecies, is distributed worldwide, and contains species known as
green manures and as forages, such as S. bispinosa and S. sesban;
the csubgenus Agati of southern Asia contdins the tree species S.

srandiflora and S. formosa. The other subgencra contain MNew kiorld

species and, like pgati, have occasionallv been Qiven generic

tatuz; indeed, there is continuing disaqreement cver the

m

placement of the subgenera Daubentonia and Glottidium in Sesbaniaj

the present concencus appears %o be that the moncspecific, Morth
American Glottidium 1s excluded (Gillett, 12¢3; FPelhill & Scuza,
1281,

There are taxonomic studies of Sesbania for Africa (Gilletr,
19631, Australia (Burbidge, 1965), and Hawaii (Char, 19283). &
recent dissertation on New World species (Montiero) has not vet
been published. There is a real need for a synoptic ¢:iudy of the

faisian species of Sesbania.

Gillett (1963) recognized 33 speciec occurring in &frica, a



diversity unknown elsewhere. Burbidge (1965) found 10 species in
Australia, of which perhaps 8 are endemic to that continent. ALl
of the 7 Hawaiian species described by Char are endemic to those
islands, their nearest relation being, perhaps, S. atollensis, a
South Pacific species.

While the number of Asian species is not known, it appears
that the wide distribution of some of them, including 8. bispinosa
and 5. sesban, is because of their occurrence in cultivation. The
only species of fairly certain Asian origin is the pantropically
distributed S. grandiflora. This species is principally spread by
man; most flora desaeribe it as introduced and in cultivation, and
we have not found any flora claiming it as native, or any
refsrence to naturally occurring populations, nor have we observed
any volunteer seedlings in the vacinities of trees growing in
Hawaii. Most other sesbanias seem capable of propagating
themselves.

Sesbania species are relatively short-lived, the majority
being annuals. Taxonomic studies are generally vague in
describing growth duration. Known perennials include S.
arandiflora, S. formosa, S. sesban, and the Hawaiian species. 5.
grandiflora may live 20 years or so (Char, 1383), while members of
the S. sesban complex may be shorter-lived. The New world shrubs
8. punicea and $. tripetii are also perennial. Some degree of
perenniality has been observed in Hawaii in S. javanica from
Australia and S. pachycarpa from Arrica, and forms of S. macranths

growing in different regions of Africa exhibit varying growth



durations (K. Egger, personal communication). Some herbaceous
species which come from subtropical zones bordering on temperate
latitudes appear to be particularly short-lived when arown in
Hawaii (latitude 21 degrees N), having a determinate growth habit
characterized by early flowering and senescence after &
repraductiue phase. Examples are S. exaltata from the scuthern
U.5.A., and S. arabica from Turkey and Afghanistan. Most cther
tropical annuals in the genus (e.g. S§. cannabina from Australia
and €. Asia, S. emerus from S. America) are lesz precocious and
have a life span of at least 6 months.

The reader is referred to one of the taxonomic treatments

mn

slready cited for = detailed discussion or Seckarnia species
morohology. Germination in Sesbania is epicotyl, the first leaf is
juvenile and entire and subsequent true leaves are pinnate and
demonctrate diurnal solar tracking and leaf and learlet folding at
night. Flowers are usually borne in loose racemes. Seed pods are
usually cylindrical but some are rectangular in section (&.9. S.
arandiflora, S. speciosa, S. marginata) and S. tetraptera has
4-winged pods. The pods are gererally indehiscent &nag do not shed
their seed until well after pod maturity.

Char (1983) describes flower coloration: "The majoritv of the
Sesbania species have yellow colored flowers, pale vellow to
orange-yellow, which may sometimes have dark purple or
purplish=brown streaks or mottling on the backs of the standard

petals. The flowers range in size from 0.5 to 2.8 cm long. Two

zpecies, S. erubescens and S. coerulescens have flowers which are




pale blue to deep blue. Sesbania formosa and S. grandiflora, on
the other hand, have large, white or creamy colored flowers, 7.5
to 3 em long. There is also a dark reddish-purple flowered

variety of S. grandiflora (var. coccinea). The Hawaiian taxa as

well as 3. atollensis...are intermediate in size between the

smaller-flowered species and the larger—-flowered species. The
flowers range in size from about 2.5 to 4.6 em long. The Hawaiian
cpecies have orange-red to crimson or dark red flowers, while S.
atollensis has scarlet to maroon or deep red (with spots)

flowers."

Sesbania flowers are most widely pollinated bv members of the

Hymenoptera. In Hawaii, the carpenter bee (Xylocopa scnorina) and

the honey bee (Apis mellifera) are common pollinators. 1In India,
a mason bee, the solitary Megachile lanata, has Eeen noted
{Chaudhary & Jain, 1978); In Hawaii, Char (1983) suggests that
the native solitary bees Nesoprosopis spp. were probably the
origqinal pollinators of Sesbania. Honey bees have been noted to
forage heavily on sesbanias in parts of India (Chaturvedi, 1377)
where Sesbania spp. pollen is a prodominate source during July,
and in Egypt, where Sesbania and alfalfa (Medicageo) are major
zources in spring and summer (Ibrahim, 1376).

Duration of seed viability varies with species and with seed,
storage conditions. S. exaltata seed was 29% viable arfter 2.5
vears when buried in soil in a study of weed seed survival (Egley

)

& Chandler, 1978). S. grandiflora seed has lost viability in 2

vears of storage at ambient conditions in Hawaii; S. bispinosa



seed also probably loses viability within a few vears, although
for either species stcrage at low relative humidity and
temperature may prolong viability. Other species’ seed mav be
longer-lived: 15-year-old seed of S. speciosa obtained from USDA
was found viable.

Moct cpecies’ seeds have impermeable seed coats and require
scarification. This seed coat dormancy allows survival over time,
transmittal along waterways (Trivedi, 1955), and helps to assure
that germination occurs when an abundance of water is available
for growth. Seeds harvested from the same plant at different
periods of pod set have been observed to have variable
hardseedednese (Sharma ef al., 1878). Seed coat cstructure and
related imbibition characteristics in S. bispinosa and §. punciea
have been investigated (Graff & van Staden, 1983) and increased
permeability wac associated with differences in the macrosclerid
laver cell packing of “rust" colored seeds of both species.
Variation in seed color between light green or tan and

reddish-brown or brown is common in individual plants of some

Zecbania species.

Seed scarification is recommended when sowing secsbaniac in
order to obtain uniform, complete, and rapid germination. For
research purposes, soaking in concentrated sulfuric acid followed
by thorough rinsing in water is commonj; het water treatment may
alsc be effective. S. grandiflora germinates well without
scarification, although mild treatment (e.g. 1S minutes in acid)

assures rapid, more even germination. Most Sesbania species



germinate well when acid-scarified for 30 minutes, although

several (including (S. speciosa, S. tetraptera, and S. rostrata)
require 45-60 minutes or more before all seeds will imbibe,

Vegetative propagation is possible with stem and branch

curtings of perennial sesbanias such as S. grandiflora and S.

javanica, and S. sesban seems especially easy to propagate in this
manner. Experiments with in vitro tissue culture of S. sesban and
S. grandiflora have been reported by Khattar and Ram (1982, 1983).

Plant breeding research on Sesbania has been very limited,.
Datta and Sen (1960) and Datta and Bagchi (1971) attempted some
crosses between species, but without success.

The Sesbania germplasm resource base has likewise receivéd
inadequate attention to date. The collection of approximately 123
accessions maintained at the Department of Agronomy and Soil '
Science, Uniuersity of Hawaii, is perhaps the laragest in
axistence. & wider collection of materials, particularly from
Africa and South Asia, is imperative for future selection and
breeding activities.

There have beern a number of botanical studies on morphology
in various Sesbania species. In studies of floral anatomy, Datta
and Maiti (1968) compared the vascular systems of Sesbania flowers
with those of other legume genera. Tewari and Nair (1979) studied
ti1ssue bands on floral wing petals. Leaf cuticle structure in a
" number of legume genera including Sesbania was compared using
electron microscopy (Kravkina, 1976). Ghouse and Yunus (1976)

analyzed vascular cambium in 3. sesban and numerous other



leguminous trees. A specific study of S. punicea wood (Cozzo,
1976) focussed on variability in stratification and other features
among a population of plants. Stem bark characteristics of S.
sesban and S. grandiflora were studied and related to medicinal
properties of their bark powders (Chaudhuri, 1966).

Follen of S. roxburgii was described and illustrated by Huang
(1972). Pollen physological development has been observed for S.

grandiflora (Chitaley & Naik, 1971), for S. aculeata (S.

bispinosa) (Singh, 1957), for S. sesban (Ganguly and Datta, 1361),

and for S. benthamania (Datta and Choudhury, 1967). Pistil and

stamen morphology in S. grandiflora was studied by Chakraverti
(19535. Embrvology in S. aculeata (S. bispinesa), $. procumbens,

and S. grandiflora was described by Seshavatharam (1282) and in S.

sesban and S. grandiflora by Rau (1951). Mitosis has been studied

in S. sesban by Gangqulv et al. (1962) and in §. paludoca by Datta
and Choudhury (1968). Dana and Datta (1960) studied pollen
morphology and growth, mitosis, karyotype, and meiosic in S.
bispinosza and S. speciosa. Studies of the megametophyte of S.
bispinosa were reported in & cseries of articles bv Halgare 1974 .
Trivedi et al. (1978) studied the spermoderm with electron
microscopy. Reports of chromosome numbers in Sesbanis are
summarized in Table 1. 1In addition to the species entered there,

S. formosa, S. coccinea, and §. sp. from Timor have been found to

have 2n=24 (R.L. Oliver, personal communication).



Table 1. Chromosome numbers of some Sesbania species (after Char, 1983).

Species qam. Spor. Authority
5. arborea (Rock) Deg. & Deg. 12 Carr (1978)
(S. tomentosa f. arborea
Rock)
5. benthamiana Dom. 12 Datta & Bagchi (1973)
3. bispinosa (Jacqg.) Wight, 6,7,12 12,249 Jacob (1941), Haque (1248),
(5. aculeata Perc.) Sampath (1947), Bir & Sidhu
(1966, 1574), Baquar &
Akhtar (1968), Dana & Datta
(1960)
S. cannabina (Retz.) Poir. 6 Al-Mayah & Al-Snehbaz (1977)
S, coerulescens Harms 6,7 Datta et al. (
5. cinerascens Welw. ex Baker 12 Gillett (1963), Lubis et
al. (1981)
5. concolor Gillett 12 Baquar & Akhtar (1968)
S. crummondil (Rydb.) Cory ) Turner (15233)
5. exalrata (Raf.) Cory ) Atchison (1949),
3. macrocarpa Muhlenb. ex Turner (1255)
Rar.,)
3. 3srandiflora (L.) Poir. 12 24 Jacob (1941), Haque (1948),
Rao (1946), Sampath (1247),
Tjio (1948), Lubis et al.
(1981)
3. Javanica Miquel 12 Lubis et al. (1981)
S. henienzis Gillett 12 Gillett (1363)
5. letocarpa DC. 12 Miege (1960)
. marginata Benth. ) Di Fulvio (1973)
3. microphylla Harms 6,12 Gillett (1963), Datta et
al. (1973)
S. procumbtzns (Roxb.) Wight, & 12 Bhaskar & Devi (1376)
Arn,
5. punicza (Cav.) Benth,. 12 Covas & Schnack (1248)
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quadrata Gillette
sericea (Willd.) Link

secban (L.) Merr.
(S. aegyptiaca Poir.)

sesban var., bicolor (Wight.
& Arn, ) Andr.

zesban var. nubica Chiov.
cecban var. picta Santapau
secban subesp. punctata
(DC.) Gillett

{3, punctata DC.)

speclocsa Taub.

tetraptera Hochst. ex
tementosa Ho & A,
vegzicaria (Jacq.) EIll.

(Glotti1dium vesicarium
(Ell.) Rydb.)

6,7,8,
14

12

12
24

12

12

[%Y
[\\]

Gillett (1963)
Frabhm=-Leliveld ¢12S52)
Jacob (1241), Haque (124¢),
Sampath (1947), Bagquar et
al. (1965), Lubis et al.
(1981), Bir et al. (1975
Sareen & Trehan (1979)
Baquar & Akhtar (1968),
Bir et al. (197%5),

Sareen & Trehan (1979)
Gillett (1963)

Bir & Sidhu (1988)
Bir et al. (1973)

Frahm-Leliveld (1933)

Jacob (1941), Sampath (1947)
Simmonds (1954), Datta &
Sen (19¢60)

Senn (1938)

Carr (1597¢)

Turner (1953)
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2. AGRICULTURAL USES OF PERENNIAL SESBANIAS.,

Onlv two perennial sesbanias have been used tc any extent for
agricultural purposes: S. sesban and S. grandifleras. Perennial
sesbanias endemic to the Hawaiian Islands are mostly halophytic
chrubs inhabiting coacstal zonec; they and the taller-growing S.
arborea found at 100-300 m elevation on Molokai are quite drought
tolerant and are browsed by cattle, feral goats, and deer. The
Australian endemic S. formosa also appears to be drought tolerant
from its performance in observation plantings on Oahu (Evans,
unpublished) and Molokai (R. Skollmen, personal communicatiocn).
Hardly any of the woody shrubs and small trees cataloged in the
african center of Sesbania species diversity (Gillett, 19632,
sther than the sesbans, have known agricultural uses or have been
evaluated agronomically,

5. arandiflora has been recognized (NaA3S, 1973, 19&Q0) for its
rapid growth and multiple uses, principally for fuelwood and
pulpwood but also for fodder. This tree has pantropic
diertribution, principally by man, but reports of its use as &
fodder source are confined to South and South Eazt Asia. It is
considered native to the Old World tropics, but mest floras of
these areas describe it as introduced. Gillett {(1963) speculared
that it had been introduced to Africa from Indonesia. We have not
found any floristic literature claiming it &s native, or any
reference to wild populations.

Sesbania sesban has been reccgnized as having potential as a

fodder crop, but this potential is generally known only locally.



Where it occurs as an element of riverine vegetation in Africa, it
is browsed by cattle, and Gillett (1963) reports that it is called
"mu"” in one region because of the eager cries of cattle led into
the stands. In northern Rwanda, such stands were selectively and
intensively utilized by elephants translocated to a national park,
resulting in heavy damage to the plants (Monfort and Monfort,
1879). In addition to its native habitats of tropical Africa,
Townsend (1973) states that sesban is cultivated and
semi=-naturalized in Cyprus, Egypt, Tunisia, Arabia, Bahrain, Iran,
Pakistan, ~Afghanistan, India, Sri Lanka, Burma, Thailand, Java,
Australia, and South America. [t is grown as an annual in Irag
and other of these areas where its life is abbreviated by frost,
but otherwise it is perennial. It is often grown as a temporarvy
hedge and windbr=ak, and lopped for fodder.

Micscellaneocus uses of Sesebania species,

Information on agroforestry uses of sesbanias in combination
with other crops is very limited, and has been quantified to a
much l=sser extent than have been their uses as green manures,

Bally and Legros (1936) listed reported uses for sesbaniaz 1n

combination with other crops as support or as shade. 3. s2sban

w

has been used to shade crops such as coffee, cacao, and tumeric;
S. macrantha also has been used to shade coffee in Uganda. S.

sesban and S. grandiflora have been grown as live standards for

pepper (Piper nigrum) and betel vine (Piper betel). S.

qrandiflora hes been used to shade coconut nurseries in India

(C3IR, 1972). As grown for betel wine in S. India, grandiflora is
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usually given 1-3 months start before sowing the betel, is kept
free from side branches to about 3.6 m, and is topped periocdically
to minimize shading (Aiver, 1280).

Nao (1979) has reported the interplanting of S. qrandiflora
with fruit trees in "home gardens" in the Mekong delta of southern
'iet Nam. These gardens are considered to be modified forest
ecosystems, and recognition of the legume’s contribution to soil
fertility seems to be the reason for grandiflora‘s inclusion, It
is not used for fuel (coconut leaflets being preferred) but the
flowers are cooked and eaten as vegqetables, and the leaves are
used as mulech or as protein-rich fodder to supplement rice straw
in animal diets.

&. sesban has been used as a windbreak for banana in India
(Anon, 1958; Baweja, 195S5) and in Africa (Karani, 1983). 1t has
been used as a multi-purpose planting in the demonstration
aqroforestry Project Agro-Pastoral in Myabisindu, Rwanda (T.H.
Zeuner, personal communication, 1982). §S. grandiflora has been
used as a windbreak for citrus and coffee in the West Indies, and
for banana in India, where it is caid to be particularly effective
when topped, which would encourage branching (CSIR, 1372).

Border planting of sesbanias around cropped fields for green
leaf manure and other purposes was discussed in the section on
green manuring. In similar border-planted situations with rice,
the flooding tolerance of some sesbania species has been
exploited. As a border crop for deepwater rice, sesbanias have

been used in Banaladesh to prevent invasion by weeds such as water



hvacinitn (Catling et al., 1983) and in India to protect the rice
crop from wave action (Kaul and Roa, 1960). In large paddy
fields, borders of sesbania also serve to protect bunds from
erosive deterioration by waves generated by winds. Generally,

species so used are the annuals S. cannabina and S. bispinosa.

Agqro-pastoral uses of perennial sesbanias.

There have been some experiments using sesbanias as
components of two—-tier grazing or fodder production systems. S.
grandiflo?a was sown aerially in mixture with other legume trees
to r=2generate a formerly forested site in central Java, Indonesia,
which had been prepared by either burning or mechanically
disturbing the grass vegetation cover. At the time of
observation, height growth of grandiflora was much greater than

the others, including Acacia auriculaeformis, Leucaensa

leucocephala, and Calliandra species (Suinsr-.a and Sudiono, 1374j,

At the Indian Grassland and Fodder Research Instityte

(IGFRI), S. grandiflora was compared with Leucaena leucocephala,

transplant@d to grass plots at 1xl m spacing and cut 3 times at
intervals of 7, 7, and 17 weeks., By the third cut, grass vields
were depressed under grandiflora compared to grass alone; combined
dryv matter grass yields from the 3 cuts were approximately the
same whether or not grandiflora was intarplanted, but grass yields
were increased kv about 40% when leucaena was interplanted. Data
was not given on legume yields, nor was it indicated that they

also were cut (Gill and Patil, 1381).

Subsequently, S. sesban was tried as an intercrop with napier
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grass varieties under fertilized and irrigated conditions. In one
comparison of legquminous shrubes sown at 50 em spacir., total green
fodder vields of 2 cuts taken in the establishment vear were (1n
Mg/ha) 68.4 for leucaena, 71.0 for sesban, and 33.S5 for desmanthus
(Gill and Patil, 1983). In another comparison of legume cpecies,

seshan, leucaena, and Stvlocanthes hamata were cown in rows 75 cin

apart between rows of hybrid napier grass varieties. Mean legume
fresh vields (total of 2 cuts) were (in Mg/ha) sesban 23.4,
leucaena 19.0, stylo 14,3. Grass vields were highest under
leucaena; no statistical analysis was given (Gill et al., 1983).

Sesban has alsc been interplanted with Brachiaria mutica

around pendbanks at IGFRI sites where rainfall is 200-12350 mmsyear
(Patil, 1979). Sesban is a good choice for such environments
cince it would survive seaconal fluctuations in the pond water
level. In the situation reported, an estimated total vield of
%2.5 Mg/ha fresh lequme fodder could be obtained in 4 or S cuts
per vear.

Intercropping with perennial sesbanias.

A cropping svstems research experiment using S. sesban was
carried out in Maharashtra, India (Desai and Bhoi. 1982), where
lequme forage cshrubs and trees were interplanted with cereals.
Sesban was compared with Sesbania grandiflora, Leucaena
leucocephala, and a Desmanthus species at row spacings of 1.0,
1.5, and 2.0 meters, all spaced at 23 com within rows and given NPK
fertilizer (7?5 kgs/ha N as urea). The legumes with their millet

intercrop were sown in August and the first cut was taken after 3
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months; thereafter, a second cut 6 weeks later was followed by 9
cuts at monthly intervals. Millet was harvested 3 months after
sowing and was followed by a wheat intercrop. At first, during
the intercropping stage of the experiment, thé lequmes were cut
back to half of their height or half the height of regrowth;
subsequently, intercropping was discontinued and a uniform cutting
height of 90 cm above ground was adopted (the desmanthus was cut
at 60 cm height). WVigorous growth of sesban tended to suppress
intercrop vields relative to the other legumes, and the wider row
spacings using the least competitive legume (desmanthus) were
favorable to higher grain yields and, therefore, higher immediate
economic returns.

Intercropping studies with sesbanias have been carried out at
IGFRI, and summary results have been published (Patil, 1379;
similar data was also given in Patil et al., 1381)., In one trial,
sesban was compared to Leucaena leucocephala in a rainfed
sltuation where seedlings were transplanted to rows 2 m apart at
the start of the monsoon rain season, and intercrops of sesame,
pigeon pea., and groundnut were grown., Green fodder wields of the
first cut after harvest of the i1ntercrops (the interval from
planting was unspecified) were 12 Mg/ha for sesban and 2.3 Mg/ha
for leucaena. Sesban yields were slightly depressed in the
presence of intercrops (9.6-11.0 Mg/ha), but there apparently was
no significant difference between yields of the intercropped
species in the presence or absence of sesban.

In another experiment (Patil, 13979), sesban given 20 kg/ha N
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and 60 kg/ha P20S was intercropped at "wide" (unspecified) spacing
with rainy-season fodder crops (sorghum, millet, maize, cowpea, or
guar) which received no fertilizer. Following the harvest of the
fodder intercrops and the first cut of the sesban in October,
wheat given N-P205-K20 at 60-60-60 kg/ha was intercropped, with a
second cut of sesban taken in March. The data is shown in Table
1. Green fodder vield from the two cuts of sepan 3rown without
intercrops totaled 23 Mg/ha, which was equivalent to the mean of
total fodder production from intercropped sesban plus rainv-season
fodder crops. When intercropped, sesban’s vwields were reduced and
averaged 49% of solecrop vield at cut 1 and 9% &t cut 2. The
intercropping scheme provided an average wheat w1eld of 2 Ma-ha
grain and 4.5 Ma/ha straw. In the case of the non-legqume fodder
intercrops such as maize, millet, or sorahum, the balance of
protein and carbohydrate components of the 1nterc§oppin9 scherms
would probatbtlyv be of areater value to ruminants than the legume
alone.

In = sécond intercropping experiment for fadder producticon
under 1rrigated conditions at IGFRI (Patil, 1272), control plets
of cesban sown alone in rows S0 cm apart vielded 23 Mg ha, v.<s.
27.6 Mg/ha uwhen cown 1in 2% am rows. When the sesban 1n 30 cm rows
was i1ntercropped with a wheat-millet-sorghum scheme (not precisely
specified), sesban yields were only slightly reduced, but total
green fodder yields of sesban+millet+sorghum were S2 Mg/ha, more

than double that of sesban alone. In addition, wheat was

harvested for grain. MWhen the sesban wacs excluded, total frecsh



fodder yields (millet+sorghum) were reduced by about 10 Mg/ha, and
there probably was a greater loss in protein yield.

In a third experiment (Patil, 1973), S. grandiflora was

grown with an intercrop of wheat., Figure 1l illustrates that wheat
yields were reduced only slightly by including the legume, while
an additional 10 Mg/ha of fresh fodder was obtained.

S. grandiflora has been included with other N-~fixing trees in

an experiment in W. Samoa intercropping trees with taro (Cable et
al., 1983.) The trees were pruned for mulch material which was
applied to the taro, and after harvest of the taro, thev were
allowed to grow for fuelwood. Results of the work h;ue yet to be
fully reported.

Yield trials and management of. perennial sesbanias.

A description of the occurence and management of 2. sesbsn in
the Deccan of India was given in an anonymous (1924) byllstin from
Bombay entitled *“Shevri as a fodder crop.” The crop had long been
grown 1n certaln districts because of its adaptatien to "mala1"
lands, ar=2as below flood level along rivers. There, and 1n
lrri3ated lands nearby, farmers managed sesban esi1ther as a sinals
stand or as an :nftercrop with sorghum, maize, or Lablab purpur=sus,

One suspects that sesban occurred naturally in these areas as it
does in similar environments in Africa, because transmittal along
waterways 1s a common method of seed dispersal for many ZSesbania
species (Trivedi, 1955). However, in the districts of the Deccan
under dJdiscussion, high land management 1ntensities would indicate

that stands were deliberately sown.
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On malai lands, seed was sown broadcast. The first cut for
fodder was taken at 3-4 months growth when, according to the
bulletin, side.shoots were trimmed. The main stalk was eventually
cut back to & height of about 125 cmj; about 4 cuttings were made
in each year. When grown as an intercrop, growth raie was said to
be slow until after harvest of the maize or sorghum, &t which time
the sesban was topped at 125-150 cm height to encourage side
branching. Fodde., obtained was caid to be of high quality, and
lands capable of growing this crop were rented out at high rates.

Another .ropping pattern described was in rotation with
suaarcane, where sesban provided not only fodder but fuelwood for
processing cane. w~fter one year in cane, lands were cropped to &
main season rice crop sown in June and jintersown with rows of
sesban. The secban was subsequentlv harvested for fodder until,
17 months after sowing, it was harvested for fuelwood before
planting the next crop of cane. An acre (0.405 ha) of sesban thus
grown could maintain two bullocke and a cow for a year. "Opening"
of the coil by the deep roots of seeban and a heavy fall of leaf
litter were cited as additional contributions to this rotation.
The carryover ability of this crop to provide fodder during hot
weather in India when fodder becomes scarce was also noted (Anon.,
19z4; Patil, 1979).

On saline lands, sown in rows 125 em apart, cuts could be
made every 1.5 months after an initial 3 month establishment

phase. An average of 2130 kg/ha was taken in each of 23 cuts over

the first 3 years (an average of 48 days/cut), cutting at 125 cm
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height (Anon, 1924).

The bulletin also reported a cutting trial in which sesban
was sown in rows 90 cm apart at a seeding rate of 30 lb/acre (34
kg/ha) and irrigated frequently. The first cut was made at 39
days, followed by a cutting regime of 9-10 cuts per annum, varying
from 20-49 days between cuts. Cutting near ground level was found
to be detrimental, so a cutting height of 2.5 ft (76 cm) was
adopted. Yields are recorded in Table 2. The fodder from csesban
compared well in quality with alfalfa (Medicage sativa) grown 6n
adjacent plots; sesban had slightlv less nitrogen (2.78% at 3%
moisture content v.s. 2.98% for M. sativa) and a higher fiber
content.

Mungicar et al. (1976) in Maharashtra, India, reported the
yield response of 3. sesban in comparison with 7 other crops grown
with varying fertilizer nitro3sn application rates. Sesban was
sown in rows 25 em apart and was first cut 10 weeks after
planting, followed by cuts at S-week intarvals at an unspecified
cutting height. Harvested sesban material had 1S5-22.5% dry matter
containing 2.9-4.3% nitrogen. For some reason nct explained in
the report, sesban was given high N application rates, up to 640
kg/ha during its 280-day growth period in each of 2 years of the
experiment. These apparently excessive rates were of doubtful
value with sesban and the other legume tested, Medicaqo sativa.
Dry matter yields of sesban in years 1 and 2 of the experiment
were 6 and 9.1 Mg/ha at zero N applied, and 8.3 and 10.6 Ma/ha at

the highest rate. Ory matter accumulation rates varied from 21.4
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to 36.8 and averaged 29.8 kg ha/day.

Subsequently, Gore and Joshi (1376) focussed on sesban in
another experiment in Maharashtra to determine productivity under
various cutting intervals and fertilizer sources. They were
interested in the effect of these treatments on vields and on the
extractability of leaf protein., §S. cesban var. picta was csown at
a rate of 65 ka/ha in rows 30.5 cm apart in October, and given
either inorganic NPK rfertilizer, farmyard manure plus
superphosphate (FYM=-P), or no nutrients (control). In the first
year, irrigation water failed in May so the trial was abandoned
and sown again in October; thus the &authors presented 2 sets of
data, 2 for the cutting interval treatments (3, 4, or 3 cuts)
during 7 months of growth during both years, and one for the total
l&-morth period of the second year, in ugich 3 additional cuts
were taker at each interval level.. Fertilizer was applied
basally and in splits 15 days after cuts, with the splits measured
in such a wav that all cutting interval treatments received

identical total amounts. The NPK treatments received a total of

110-110-S% kg/ha N-P205-K20 in year 1 and 140-140-70 in vear &

FYM-P (P as P205) were 29,000-80 kg/ha in year 1 and 44,000-100
kg/ha in year 2. Cutting intervals were 35-40 davs, 49-32 days,
and 60-65 days. Growth rates calculated for the fertilizer
treatments (Table 3) indicate an apparent cumulative benefit from
fertilizer applications in the second year; while mean dry matter
accumulation rates remained the came for the control, rates

increased for the other treatments, Effects of the FYM-P



treatment did not become significant until vear 2, but benefits
fromm NFK applications were immediate. Total vields under the
different cutting frequencies were similar in year 1 but in vear 2
the shortest interval was significantly more productive. Nitrogen
content of the dry matter varied from 2.3 to 4.1% but was not
affected by treatments, so protein extractability varied with the
dry matter yield.

Sato (1966) reported results with some green manure species
evaluated in Thailand, where S, sesban was outstanding when a
growth period of around 10 weeks was possible. At S5 davs from
sowing, yields were about 25 Mg/ha fresh weight, similar to
Croralaria juncea. This latter, an annual, then began its
reproductive phase where leaf growth ceased, whereas sesban
continued to grow. Sesban’s'later flowering and i1ndeterminate
growth conrtributed to its superior yield sver the lsnger rterm, but
since fast, early growth is valued in green manu. Taiis
bean was selected as the best short-term green manure in the
studv.

Rather less data is available on yields of S. grandiflora
than for S. sesban. In Java, grandiflora was compared to other
green manure candidates in rows 30-40 om apart, and gave the
highest fresh yield arter a 6-7 month growth period: 55.27 Mg‘ha
(data of Koech and Weber, 1928, quoted by Coster, 1939).

In an intercropping experiment in India, researchers recorded

total green fodder yields for S. grandiflora of 13.6 Mg/ha from 11

cuts taken over 14 months, v.s. 16.3 Ma/ha for 8. sasban, 17.3
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Ma/ha for desmanthus, and about 10 Mgas/ha for leucaena (Desai and
Boi, 1982; Desai et al, 1983). Cuttings may have been too

frequent for grandiflora.

In the Chiang Mai region of northern Thailand, S. qrandiflors
was tested among candidate species (mostly grasses) for intensive
cut and carryv fodder production for emall dairv cperations (Holm,
1972). All entries were sown in rows S0 cm apart, cuttings were
taken at an unspecified height every & weeks, and topdressings of
NPK fertilizer were made after cuts so that these nutrients were
apparently not limiting factors. Dry matter vields of grandiflora
during the 2 years of the trial were 7.2 and 5.7 Mg/ha’year, the
lowest productivity of all entries; vields of most grass speciec
were 2-3 timec higher. However, grandiflora had a higher level of
digestible protein (18%) and starch eguivalent (60%) per unit of

dry matter than any of the 12 other plants tested, and provided

X\

the t-ird higqhect amount of total digestible protein: 1,06
ka/ha/vear (Holm, 1873).

S. grandiflors is widely used as a margin-planted

W

cut-and-carry fodder source in Java and in India. Kareem and
Sundararaj (1967) estimated that 40-50 trees planted 1.5 m apart
along irrigation channel bunds could provide enough fodder for 3
milch cow throughout the year. Up to 9 pickings/trees/year could
be taken after the plants reached a height of about 2.2 m 1n 6
months from sowing, and each tree was said to yield about 3 kg
fresh leaves per pick. They recommended that trees "should be
carefully picked of the leaves lest severity of picking harm the

plant.”
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Figure 1. Yields of Sesbania grandiflora and wheat in an intercropping
scheme. From data of Patil & Gill in Patil, 1979, Table 4.
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Table 1. Production of fodder and qrain by Secsbania cesban
and intercrops. From data of FPatil & Gill qiven in
Patil (1973).

S. sesban Intercrop
Green Fodder Green Total Wheat
Yield Fodder Fodder Grain
Intercrop Cut 1 Cut2 Total Yield Yield Vield
Mas/ha

- 10.88 12.98 23.1e - 23.1¢ -
sorghum S5.22 S.l6 10.38 14.28 24.0606 £.99
meize 4.02 4,92 8.94 17.924 26.88 &.85
millet 4.92 4.69 2.6l 12.25 21.86 Z.56
quar .49 5.39 11.88 9.52 21.40 3.56
cowpea S.86 5.09 10.95 11.05 21.00 3.23

Table 2. Experimental! yields of Seshbanis sesban at Manjiri,
India, 1917-.921 (Anon., 1924)
MNumber Cutting Intervasl Sreen Fodder vield
Year Cuts aver age rangex* average year total rate
dave ke, ha kasha/day

i 1 34 20-43 1214 12,141 8.6

S 9 39 19-84¥k% 1371 12,342 35.1

Ic: 1 32 15-48 1666 16,647 Sa2.1

4 8 34 27-45 1201 9,607 35.3

* cuttings were being fed fresh to cattle, so were made
by plot as needed and not by schedule.

** 84-day interval to allow for change from cutting at 4
inches height to cutting at 30 inches.
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Table 3. Effect of fertilizer on yields of Sesbania sesban
(from data of Gore & Joshi, 1976).

Aveirage drv matter accumulation rate

3, 4, or S cuts S to 8 quts
Treatment Year 1 Year 2 Year 2
kg/ha/day
no rfertilizer 19.6 19.0 17.6
farmyard manure + P 24.7 29.9 23.3
NPK fertilizer 26.8 36.6 33.1
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3. SESBANIA SPECIES AS GREEN MANURES.

+ S ———

Sesbanias ars generally known &s Qreen manure Crops, but

U

their use as such, like the practice itself, 1s for the mes t part
confined to Southeast and South fAcia. Evidence of their
deliberate management for green manuring—=-cor any cther purpose--—ir
Africa 13 almost nil. WVarietiec of S. se=sban have 10 recent vzars
been incorporated into agroforestrv development projects in Fwands
(T. Zeuner, perscnal communication) and are caid tc¢ be grown among

-~

bananas in Uganda {(Karani, 1983), but their specific use zs Qre

b ()

ni
manures in these situations was not mentioned., The onlv publishecd

information on sesbanias for soil improvement in ~Africa concerns

w

gxperimental uze of S, rostrata @z a green manure in Semnegal.

n

[

Sesbanias zs gresn _manur=s in Fmei

Green manuring has been practiced widely in ~s18, wnere
fields are often emall and their management intencive, Many msian

cropping systems are based on rice cultivartion, &nd because of the

(Ul

ability of Sechbaniy speciee to grow in hezve seils, «ithstan

)

thew sre

i
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waterlagsing and flooding, and ol

[

rat
often the preferred green manure crop in these svstem:s. Dhaincha

1s the common name of the species used 1n India, often gssiqanated

as 5. aculeata but revised to &, bicspincsa., The name . cannabinsg
ie also sometimes given for the annual zesbaniz used in nhsis,

particularly in China. Occasionally, the perennial $. sesban has
been mentiorned as a green manure crop. Since there is nc Fsian

taxonomy for Sesbania, the accuracy of nomenclature in many of the



agricultural reports is suspect.

As green manure (GM), s=cbanias are grown and plowed under in
the szame field in rotation with the crop to be benefitted. They
may also be used as green leaf manure (GLM)Y: gresn matter cut and
brought rfrom elsewhere to the field fovr burial. GQGreen leaf manure
may be partitionad from the top growth of ne2arby GM crops, ov 1t
rmav be from plants deliberately srvoun far GlM production on Fi12l-
borders, paddy bunds, and miscellansous areas., The persnnials 2.

zesban, S. grandiflsra. and thez annual S. speciosa are among

speclies often planted to be used as GLM.

lntercropped green manures,

&3 3 method of 2conomizina time and zpaze in intensive

avezaind areen manur= legume's are oMzt 1mMes

ettt

10

rn

"
w

(KX}

ateroropped. Technigues of i1ntsrplanting and intercalating 5.
cannsbinag for gresn manuring rice have been developed in southern

Chima (FR, 1277), The zesbania is zown (70-20 kasha) in nursery

clotz mavina =3n aress about L/S0th of the aresz to which thevy are
sat2y transplanted., The nursery plots are well fortilized with

snosphate and organic manures (night s0il or compost: and ars sown
1n lats March or early &April, when temperatures are above 120,
vihern the plants are about LU0 cm higher than fthe spring rice crap,
which 13 then in grain-rfilling stage, thev are transplanted to the
rice field in rowz 2-3 m apart, spaced at about 30 cm within the
rowz. w=frer they recover from rransplant shock and increase in

reight to from 30-150 cm, the sesbanias are topped to stimulate



branching and an additional dressing of compeet and F is applied,

Zeveral weeke after tranzplanting the legumes, the spring rice 1
harvested; after an additional 2 weeks growth., the sezbania 13
incorporated inte the soil along with S0-60 kasha ammonium
culfate, the field is flooded, and within a few davs the "late"
rice creop 1S trancslanted to the field. The pracritionszrs claimed
that green manuring in conjunction with mineral fertilizers not
only increased yvields burt at the zame time reduced the fertilizer
N requirement of the rice crop.

Similar practices were reportedly takern up in North Viet Nam
durina the 19¢S-1970 pericd, as described bv sesveral authors in
wolume 27 (1871y of the English lsnauage publication, Yiztnamesze

Studies. Trhere, S. cannabira, or dier thahn, was eltner

trancsplarted as azbove or sown directly 1nto the rice Tislcs before

10

harvest of the "fifth-month" ri1ce crop in Maw, to be J1RCoYoorated

guring plewing operations in preparation for the summer crop to oe

harvested 1n Uctober. In Thanh Oai g1stricrt, this methcd waz used

-1,
=)

f1elds. In the W36 ~uven Cccoperative, VEr1Oous

..

J
—
B
[1J
-

on 1S3 @ - e
rmetmods of utilizing zesbaniz wers tri1ed:; slthough sesDania W3aE
sa:2 to be easier to grow than azclla, the traditicnal arzen
manure, its cultivation &s an 1ntercrop was thouaht to compete
with rice (the timing and management were unspecified), and the
precence of woodv taproots waes said to make plowing difficult,

A variation on management of sesbania as an intercrop in vice

in Viet Mam has been reported by Mao (127%). Mounds are made 3t a

spacing of 100 » S0 cm in between the lines of rice plante, with

)
~1



the tops of the mounds emerging from the water. From 3 to 5 seeds
ar2 sown in these hills about ¢ weeks before harvest of the spring
rice. An estimated 3-10 MT/ha of resh green manure can thuz be
grown for incorporation before the second rice crop is
transplanted in July. w~lternatively, if a3 second rice crop is not
arown, the sesbanig is allowsd to mature and is harvestad for
fuslwood in October, vielding about 15-20 Mg ha of stems, about 10
Ma-ha of root, and about 400 kg/ha of seed collected during
maturation of the crop. This option has the advantags of
providing a fuslwood crop should rains b2 inadequates to support 3
second rice cqrop. In the area of the Red River delta where this
method was developed, population densities are hiah and demands
for locally available fuelwood make such an alternative
attractive,

2sbanias have ocecasionally been used as [ntercrops in upland

o)

aropping svstems. WYan de Goor 112354) reviewed pre-WWII research

in Java in which a number of lzgqumes including 3, bispinoss and S.

af

-t

w

3erices wer2 compared., khen intarsown & wesk: er SowWing malze,

l2qumes did nuort depress maize vizlds. In Bihar, India, bizpinoszza

fare

m

1ntersown 45 davs af ter zowinda maize and grown for 60 davs b
lnzorporation resulrted 1n following wheat vield increases varving
twith levels of P applied rto the legume) from 22-33% over control
LShukla and Sinha, 1270,

Singh and Sinha (1962) reported a series of experiments in
which 5. bispinesa and other species had been sown simultancouslwy

1n the same row as maize and then incorporated for following
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wheat., Their objective was to find a green manure which could be
0 sown as to not intefere with interculture operations, which
could be incorporated using little more effort than that normally

required to cultivate maize stubble preparatorv to sowing wheat,

and wnich would improve yields. The results of the first vegr’
trial, shown in Table 1, indicate that S, hispinoss smothered trne
maize, althocugh wheat yields were doubled., In subsequent
experimente, thev concentrated on legqumes which competed lzss with
the maize than S, bispinosa (and, it was alse found, Crotalaris

juncea) did; they focussed on the slightly slower—=growing

per=nnial Sesbanis punctata (a variant of $S. sesbany and on

seschvnamene americans.

=2cbanias are uvcsed &s an intercrop in banana plantations in

o

Taiwan, where bananas are replanted each vear and grown &g an
annual crop because of the seasonal threat of ftwphoon windsz. The
sespania is cown in the interrows at the time of transplanting ths
banana starts. Later, the legqume topgrowth is cut and used as
mulch arocund the developing pseudostems., The weed contral
pravided 1n the interrow zanes by growing the legqume is walusd in

addition to i1ts other contributions (M.L. Lin, personal

communlcation).,

Marqgin-planted gqreen leaf manures.
In parts of South and Southeast Asia, farmers make use of
field borders and miscellaneous areas to grow crops to provide

gre2en leaf manure. Sesbania species are particularly well adapted



to margin plantings in rice and other lowland irrigated cropping

tems because of their tolerance of waterlogging. Their

n
s

Y
tolerance .to salinity may also be an advantage in deltaic arsas
and where soile of bunds concentrate salts by evaporation. 3.

qrandiflora is widely planted in margin situations with adequate

size and permanance. Smaller bunds or waterway banks serwing as
sutdivisions between fields may be removed and restructur=sd curing
cropping cycles and thus are not appropriate for per=nnial
species. However, in parts of Indonesia (D. lIvory, personal

communication), 5. grandiflors is managed on bunds as an annual.

It is sown during development of one crop, allowed to put on
qrowth during pesriods ihen competition effects are not critical,
—,

and pulled up and incorporated into the scil durina field.
preoaratians for the crop to b2 sown during the next ratrw cweaole,
Th:z species has rapid inmitial growtch and is thus suited to =uch

use.

Zezbanias speciwsa has been extensivelv used for mar3in

plantina in India, particular in Madras State (now the state of
Tamil Nadu) (Chari, 1957). Originallv from Africa, seed collected
in Kenyas was probablv sent from England’sz Rowval Botanic Hardens ar
Kew to Sri Lanka, from whence it was introduced to Madras.
FPopularization of this plant in Madras was achieved through
vigorous extension 2fforts begun in Taniore Diszrict in 1332. A
massive campaign was creatad involving articles extolling the crop
in popular rarming magazines (e.g. Chintamani, 1334; Vedantam,

1

(X

S5; Rajagopalan & Pawar, 13S3), support of government
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agricultural officials at many levels, creatian of village
mgricul tural éscociations, "farmer’s dav" demonstrations at
experiment stations, slide shows in rural theatres, and gavernment

purchase of speciosa seed to promote its increase (Ali, 1932,

a
bl

Having demonstrated to themselvee the efficacy of green le

(]

manuring with the plant in experimente in 1947-48, the cofficial
began cromoting specioca with the distribution of about 140 kg of

ee2, By 13255, about 1 million acres in Tanjore were

m

[1{]

rrarain-olanted with speciosa a8s & recsuit of these erfort

{Randhawa et al., 195l1).

I, speciosa seeds can remain viable for long pericde: 13 wear
wlz zesds obrtained by twe author Trom USDA were viable., Their ssed

m

coate are impermeable to water and therefore scarification 1
vequirea for germination., We found that concentrated sulfuric
ac1d €oa3king timee of at least 40 minutes were neceésarw for this
zpezies, and that &€0=-%0 minutes were not detrimental., Rao and

Jenk atesan (1985) found that kot water treatment of 10 minutes st

o}

[0

3% effzcrive; probacly a shorter duration at 130 C could
“sund wrick would eliminate the neea for a thermometer. Thew slzo
30t Qeod Qermination bv carefully pounding seeds mixed with zand,
2., specicza should be inoculated when sown in any new area. The
sublicationes cited on its use in Madras diag not mention
inoculation or nodulation, &nd it is probable that appropriate
Fhizobium strains were present in that area. We have found that
in Hawaii S. speciosa does not =ffectively nodulate with strains

which ncodulate other sesbanias., Thies may explain the data given
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by Sahu (19565) for green leaf manures being compared in India“s
Jrissa state, where speciosa GLM had only 2.24% N compared to S,
bispingsa with 4.93% N,

Nurseries for S. speciosa should be kept from waterlogging
for at least the first three weeks of seedling development, during
which time the plants are not ver able to adapt to this stress.
Se=dlings should be at least 30 days old, prererably 45 days old,
at time of transplanting, an operation which can be accomplished
bv hand at close spacing on a hectare rfield's bordevs by twe
Laborers working one dav (Rao and Venkatesan, 1963).

Yields for 3. speciosa plant2d on margine are in the Uroad

ran3e of 2000 to 3000 lbs frizsh matsrial for a one—acre rield

(Randhawa, 1351, but the rangs of 2,500-3,500 lbs siven ow Rao

LSS may B2 zoezvgoo Srgzre = 1,12 kasmay., rislds Foar ozolid

14

ztands arown 2-5 months are2 generally reported as greater than

i

S0,000 lbssacre frecsh weight: even as high as 100,000 lbs acrs has

laimed 'FRandhawa =2t al,, 126l,

o
]
a
n

3reen manur=2s in Srop roftations.

(1Y)

Much of rthe literature on gresn manuring (Evans ot al., L3283
dates from periods in which traditional cereal varieties rollowed

the green manure crop. DOuring th2 last few decades, introductions

Y]

of high vielding varieties 1 HYVs) have often increased creopping
intensities, 3nd the zvailabilitv of inorganic M fertilizers has
made fallow periods. legQume rotations or green manurina less

rnandatory, resuylting 1m unravorazble declines in so0il fertility and
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physical properties. Gill (1978) characterized the HvV rice-wheat
rotation in the Punjab as "exhaustive," citing amcng other
evidences that Zn applications had become routinelv necessary, and
stating that where rice was grown continuously, scil phvsical
conditione deteriorate; sowing £. bizpinecss as a green manure
betwsen wheat harvest and rice transplanting was recemmended. Smil

113584) also noted deteriorations of soil structure in China due to

1

intensifi=d cereal cropping. Decreased somina of legqumes, less
frequent green manuring, and use of crop residues for fuel rather
than incorporating them into the soil wers conditions associated
with increased use of organic N and implicated as causes of
recent widespread occurrences of potassium and micronutrient
deficiencies.

Egrly estimates of the vield responss of rice to green
manuring may have been low because of the low vigld potentials ot
tragditicrnal varieties. Thus Pancse et al. (1965 suggested 3
plateau in vield response of rice to GLM applicaticns in excess of

resh material which, azsuming &0k Jr

)

S0G0 lbsacre (Se00 kags/ha)
matter, would represent an application of aspproximatelw 45 to 3§
kgs-ha N. Recent research conducted using HYY rice in rotation
With areen manures indicates that the vield benefits of green
manuring are csizeable.

The data of Dargan et al. (1975) chown in Figqure 1 illustrate
z fairly tupical HYV rice yield response to inorganic N, with a
tendencw for vield increases to level off in the range of 20-120

kasha applied N. The amount of N contributed bv the ¢r-dav-o0ld



Jreen manyre crop was not estimated, but it produced a rice vield
zquivalent to 30 kgs/ha inorganic N.

Bhardwaj et al. (1981) also compared rice response to green
manures with and without added inorganic N (Figqure 2). Their data
indicate a generally linear response to added N and a tendency far
vields to lw=vel off at higher rartes regardless of the N source;
the rzszponse to gre2n manuring was similar to B0-30 kg ha
fertilizer N. Khind et al. (1982} (Figure 3) found that green
manures grown 2 months were equivalent to 60-20 kg /ha inorqganic N,
These experiments illustrate that green manures can supplyv much if
not all of the M needed for moderate to high yields of
M=rosponsive rice varieties, and rthat a combination of gresn
insnure with inorganic M can be highlv beneficial to following
SYOnE .

Timing 13 important in including green manures in crop

WD
n
-
2
(v}
<
<

s2gquences. NM.T. Singh et al. (1231) found sharp increas
matter and N content of green manurse legumes betwsen the Sth and

7th weeks of growth, Likewise, the dats of Khind =t al. (1232

w

«Figure 4) sriow that 5. bizpingsa N content incresses many-rald

Juring the second month of growth (from 3 to S3 kashay, and thsn
doubles again during the third month of growth. Subsequent upland
rice yields increased with the qrowth duration of the precesding
green manur2 crop. The yield response to gresn manure N was
similar to the response te fertilizer N, but it appears from a

comparison with the unfertilized control that the effect of the

30-aay green manure crop inwolved more than just the M
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contribution of the tops.

The timing of Qreen manure incorporation in reiztion to
planting the beneficiary crop may also be of critical importance.
Beri and Meelu (1979} compared inorganic N after fallow with 3.
pispincsa GM incorporated 0, 10, or 20 dave tefore transplanting
rice, with or without supplemental N fertilizer (Fig. 3). MWhers
inorqanic fertilizer was not applied, the beneficial effect of
transplanting soon after incorporation of the greem manure was
evident. Supplementing the green manure with inorganic N masked
the resporce to the rapidly releaced green manure N; indeed,
fertilizer N applications seemed superfluocus here, and most N o
added was orobably lost from the svstem.

Sezhania bigpincea has also been used to some extent 3s &

aresn masnure for wheat, especially in irrigated areas of northern
india. In such situations—-and especially so in rainfed
arsae—-—~Cconzumptive water use by subsidiary crops in rotationz may
have critical effecte on availability of irrigation water or of
z0il moieture for the main crop. For example, Allen 11219
reviewed the effecte of experimental green manuring on wheat ZYORS
between 1384 and 1302 in Maharashtra, India, and concluded tnat
90 em total monscon rain all was needed in order to include the
green manure crop. Moreover, 25-40 cm of rain were needed begtween

legume incorporation and planting of wheat to obtain yield

uch

increases due to Qreen manuring in that system. PBecause of

conciderations, there has been research recently on the water
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requirements of green manure crops. Gaul et al., (1978) arew S.
bispingsa for 10 weeks under different irrigation regimes and

concluded that for North India summer conditions, 20-23 cm of

lrrigation was required for a green manure crop grown between the

(=)

fiarvest of whesat and the ne2xt rainy-cseason crop. In the zame
regqien, N.T. Singh et al. (1931 compared S. bispinosa, 3uar, and
cowpea under irrigation regimes desian2d to greate aAifferent
levals of water deficit. Cowpea showed the greatest =2ffici=2ncy in
drv matter and N production per unit of water expense, but was the
Mozt sensitive to yield reduction undar drier soil water r2=3imes,
whereas oy matter yizld of sesbania and guar was relatively
censtant. M content of the tops of these arops grown for 7 wesks
increased with incereasing water applied in the general rangs of
F0-130 kasha N, with cowpe2a aporoaching 120 kas/ka M oat the Ficshest

rrrigation level, Cumulative water expense by the zropz was

) for zeshbania.

[

lowzzt (29-36 cm) for cowpea and highest (32-

Results of using S. bispinosa with wheat show reasonable

vield i1nerzasez, Chandnani (1354 compared legumes grawn 7-3
weesk3s and found that sesbania inarzased grain wvislde 27% cwver
control wislds of 1.56 Mg-/ha: 3guar (36%) and Crotslaria junces

(33%) were also effective, Ballal et al. (19%83) found that
sesbania green manure grown 5-7 weeks producad wheat grain yvields
38% greater than control (1.58 Mg /ha), and increassd wheat N and K
up take compared to other green manure species tried. M.P., Singh
and Sinha (1954) reported a series of experiments comparing

different sources of green leaf manure with S. bispinosa green
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manure for wheat. GLM applicaticons at 2,19 Mg/ha frecsh material

rueing Glyricidia, Calotropis procera, Indigefera tincrora, or

Secbania punctats) generally tripled wheat vields cver contreol
vielde, They estimated that 0.25 hs of 5. punctats would provides
zufficient loppings for GLM for 1 has of wheat, and that under
local conditions applying GLM was more economical than growing a
green manure crop. They had previouslv (Simgh and Zinhka, 15680
obtained a tripling of wheat vielde when S, LISDIN0SE WaE Qrown a3

s green manure, compared to wheat following fallow.
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rstle L. Yields of green manure legumes intercropped with maize, and
their effect on maize and following wheat yields (Sinah and
Sinha, 1962).

Legume Legume Maize Wheat
Intercrop fresh vield grain vield arain _vield
Mgsha
crstalaria juncea 11.95 2.04 1.83
Zesbania bisoinosa 24.8 0.35 2.41
5 sbania speciosa 2.3 2.30 1,34
eschynomene americana 5.8 2.490 1.%3
none /‘maize alone) - 1.67 1.238
2D 0.33 1.09 0.43
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Figure 1. Rice yield response to Sesbania bispinosa green manure (GM) and
to inorganic nitrogen fertilizer (N), both alone and in combi-
nation. Squares represent N fertilizer alone. From data of
Dargan et al., 1975.
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Rice yield response to inorganic nitrogen fertilizer applications
with or without a preceeding Sesbania bispinosa or Crotalaria
juncea green manure crop, compared to green manuring alome.

From data of Bhardwaj et al., 1981.
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with rice receiving inorganic nitrogen fertilizer after fallow.
Values at tops of bars are the N contents of the legume above-
ground growth, kg ha~l. From data of Khind et al., 1983.

Se



7-
. A
< 64
{ A O Q
L) A °
S’
o 9 O /
—
=
> @)
2 47 @ FALLOW
Y ALL
O
s 5 10 & SRS
% 3~ O 10 > pavs BEFORE
0 20 | TRANSPLANTING
®
2——— ' ' - T T S
0 30 60 90 120

N APPLIED (KG/HA)

Figure 5. The effect on rice yield of various time intervals between the
incorporation of Sesbania bispinosa green manure into the soil
and the transplanting of rice. Green manuring is compared to
fallow, with and without supplemental inorganic nitrogen fertiiizer
applications. From data of Beri and Meelu, 1979.

S3



Sg@sbanias as 9qreen manures in_ the Americas.

lUse of sesbanias in the mmericas has been more limited than

in Asia, if the scarcity of published literature on the subject
can be taken as an indication. The annual species native to North
America, 5. exaltats (formerly 3. macrocarpa) has been used as a
green manure crop in Arizona (FParker, 1372) and was popular in
Zouthern California (Pieters, 19227; USCh, 1922). In tre Imperial
and Cochilla valleys in Califernia and the Yuma and Salt Riwer
‘“Yalleys of Arizona, 2xaltata was used as a cover crop in citrus
orchards and a green manure for winter truck crops; the species
arows well in hot midsummer weather where humidity iz low (USD&,
1235, 1967). O0On cotton lands in lower California, the response to
somings at seed rates of 495 kg/-ha during midsummer were dramatic

tn tne luxuriant growth of 6-8 week old crope: growers of cotton,

us
—
.—n
~2

lertruce, orionzs, and m2lons were at one point enthusisztis

=l 4 an

W
ul

2xpanding areas sown to sesbania for its amaliorative aff
the2 soil (Hodges, 12320). At that timz2, l2-14 inch (30-35 em
moldboard plows were used to turn under the crogps if the plants
were not rmwch-brancned; a3 chain on the plow was useful to drag
down thick stands, and discs were used to level the hezuviesrt or
mucn-branched stands before plowing.

[nda (1339) reviewed uses of Sesbania species in scuthwestern

m

IUSs and Mexico, and Peregrina (1965) in Mexico evaluated a specie
s 3n intercrop in maize. De Datta (1981) mentioned its use 1In
rotation with rice in Texas, increasing rice vields bv 20% or

more, [n the western coastal state of 3Sinalvova in Mexico, exaltata
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(cometimes called §. sonorae in Mexicc, where it ozcurs in Soneors

mn

o

and other c<tates) has hbeen uced 3 qreen MmManure on

-
4
-

7y, Compared to cowpes,

tomatoe—growing lands (Pietere, 1
2xaltata vielded more, required less cultivation to control weeds,
and was lece susceptible to pests when grown during the hort,

e

surmmer rainy scason, Pletere’ informant zstated that bDecaus
sesbania fields could be flooded, weeds and a number of insact
pectes could therebv be killed,

£, exaltats has been mentioned among cther summer lequmes ac
a candidate summer cover crop and Qreen manure in USDH literature
(UEs, 1228 ang 19¢7), and specificalle a5 & crop for date palm
arderz USDA, 19190, It was czonszidersd for the Columbia Basin in
northwestern US&, but was reje :ted as not adapted to the cool
niakt temperatures there (Mervrison, 1381, Throughout moszt of {rts

ets seed ratrhmer quickly and ocver & long

m
w
i

range this specie
seriod, flowering from March to Jctober in Arizons (FParber, 19720,

and its potential to become a weed is almost certainly the reason

DU

LN 1N 2One are of the southeest it iz ne lenger used for green
manure, Seed cost dormancy, or "hardseedednecss,” contributes teo

the oroeblem of contalining the plant to it: place Iin cropoing

Quencez, 2ince euvsen {f care is taken to plow under the crap

w
11

before zeed maturation, come of the original seed may remain in
the Tield to germinate later unless appropriate scarification
technique had beern performecd to acssure complete and uniform

germination, Pieters” informant mentioned that improper, or

petter, unfortunate timing of plowdown operations such that thev
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were delayed by wet soil conditions could result in the crop
becoming woody, and the same jeopardy woeuld apply to incorporaticn
5f the crop bafores seed maturity., Parker stated that once 1t nhad
been ussd 35 a cowsr crop in the ‘Yuma region, it appeared in 0%
of the cotton fFields in the ar=sa. Its propensity to colenize ditch
banks =ncourages the transmittal of seed along irrigation

WELSTIISVS,

11}
o
-
[

Asronomic svsluztions of 2. 2xgltats in the FAmerica

-

rar=s. MWilliams and Doneen (1340) used it as 3 summer gresn Manura2
«n @ clav loam at El Centro in the Imperial Malley, California,
comparing it with sudan grass green manure in 3an attempt t¢
improve infiltration. It was still vegetative and 1.25 m hign
Wwh2n inreorporasted in mid-suijust after 52 davs growth., rAverage dary
matszr viseld cuer twa 323sond was 3430 kasha (2,065 MY, kalliams
'perswnal commuticationt, uslr3 the non-lsqume &3 a SOMOEY 130N,
calculat=zd that the sesbania filxzed am average of 83 k3srha N o=ach
zeszon. Uzing sesbania as gresn manure in summers 1 and 3 of the

zxperirznt d1d not improwe infiltration, but using the non-ilzgunse

'n =il ftores vearz g1d. The authors did not report the =2Frecrz of
the ar=ssn manures on the subsequent crop, sujar beets, but G.F.

vigre2r, Jr., in a personal communication commented that the i~

-t

~ontributicn of sesbania was not observed to benefit sugar bee
vields,

On thz other hand, Matlock and fAepli (1248) found that barlay

i

vields ower S years were improved by sesbania (presumably

exaltatz) green manure at Mesa, arizona, Sesbania was slighrtly
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more effective than Vigna aconitifolia, Crotalaris juncea, and V.

unquiculats Qreen manures, producing barley vields one-thirdag

¢ that

[

greater than the control, but in that envircnment 1t zpoear

mopsic tetrageonoloba (guar) was superior, increasing harley

O
[

U

|

vields S8% cver the control, In California, gquar had been shown

to yield more than £, exaltats, with a fresh vield of 22.1 M3 'ha

compared to sesbania’s 27.6 Mg/ha for T2-dav summer craps on Fesvw
zoils an the Imperial Vallev (Anon., 1931).

kRecently, Day and Ludeke (19811 evaluated exasltata for Qrowth
on desert soil compared with copper mine overburaen, overburden
plus tailinge, and tailinge. Sesbaniz und blue lupin ‘Lupinus

Birsutucs: Qrew equally, but best growth was obtainea with alftalfa

Exaltata has alsr been studied inm Fleorida, UWia, particulsasrle
In regard to ifte status as 3 host of nematodes rzes the cection on
este and diseazesy., Overman (1355 ohserved that chrusan trnemumn
vwields were benerited bv 3 preceeding crop of 5. exaltats, but

only when the scil had vezn fumigated tefors zowWing the legumey n

-

the abesenc

Ly

of fumigation, Desrmodium foytuoszum had the arezate

effect on yieslds., Soffes et al., (L1320, testina summer cover

crop rotation scheme, found verw

[1iY

crope on > fine sand scil in
low vields of ce2sbania, probably due tc¢ cewvere nematode
infestation and 1nabilitv to compete with weeds. Similarly low
m1eld and N content data were reported from the sa&e research
program in Florids by Prine and Mizlevy (1923). Howewer, 5Soffes

Lpercsonal communication) concludes that the species haz potential


http:disea.es

as a green manure for wet soil sites in Flovrida.

Seed of S. exaltata is available fron Dessert Seed Co. of EI1
Centro, C&, which sells seed obtained from a grower in Yuma, ~Z;
szles wolumes have been low ir recent wears, less than 1 MT per
vear (W.J. Bray, perconal commurnizationy. According to RLR. Hargo
of Pacifie Southwest Seed and Grain, Inc., in Yuma, use and
onroducrion of exaltats cver the past 15-20 yesars hasz fallen to

difficult because of

[

almost nothing. Seed production i
shattering; ceed must therefore be harvested before drying and the
podz spread on tarps to dry before cleaning (Harp, personal

cammunlcation).
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4. SESBANIA SPECIES FOR_SOIL RECLAMATION.

Plantes which are able to tolerate strescec caused bw excesses
of certain soil elements, and deficits of others, are able to
colonize problem soil sites and are, therefore, important in
stabilizing and in reclaiming these lands. Mining is one way in
which man creates severely disturbed land aress, and we have found
two instances in which Sesbania species have been considered as

elements of pioneer vegetation for mining sites. In W, Gustralis,

(71}

a Sechbania species was found useful for stabilization of lands
affected by iron ore mining (Martinick & Atkins). In Arizona,

U.S.A., 8. exaltats was evaluated on desert soils altered bu

additions of copper mine overburden, tailings, or their

combination, and was found to grow as well as Lupinus hirsutus but

not as well as Medicago sativa on these sites (Day & Ludeke,

19281).

A far more extensive qroup of problem soile are thocse
containing excessive levels of soluble salte (caline sciis) and
exchangeable sodium (sodic =oile), or rtheir combirations, such
that growth of most crops is inhibited. 3Sec¢bania bispincza ic
extensively grown on such soils in India. Scils with these
combined properties are often termed saline-alkali scils, having
exhangeable~sodium percentage (ESP) >15 and electrical
conductivity of the saturation extract (ECe) >4 mmhos/cm. The
soil reaction is often moderately to strongly alkaline. In more
recent terminology, these soile are identified as saline-sodic

30ils. In the following, we will generally employ the terminclogqy
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given by the authors of cited discussions.

Sesbanias as greern manures for salt-affected soils.

Green manures are of particular value in providing organic
matter to soils having impeded drainage, very thin organic soil
horizons, and poor soil structure; these conditions are common in
saline-alkali soils. In the Indo-Gangetic Plains of northern
India, there are 2.5 million hectares of salt-affected coils

(A4brol & Bhumbla, 1973), and the use of Secbania bispinecsa as a

green manure is considered an effective element of soil
reclamation strateqies. These stratecies also include soil
leveling, applications of gypsum providing sulfate anions for
acidification and calcium cations to displace sodium on the soil
exchange complex, leaching with irrigation water to move displaced
zodium ions down through the soil profile, and growing <salt
tolarant crops (Uppal, 1281; fgarwal & Gupta, 1368; Abrol et al.,
1972 Mehta, 1983).

Articles in popular ma3azines directed to Indian farmers have
often ztressed the value of using S, bispinosa in rotations on
saline and alkali soils (Srivastava et al., 1973; Dargan et al.,

197%; Third et al., 1972). The plant is known in India as

"dhaincha" and is often identified, archaically, as 3. aculeats.
(In the following discussions, "sesbania" will refer to 3.
bispinosa.) Agarwal (1357) advised farmers that rice vield
increases of 37% could be obtained using green manure, of 37%
using gypsum, and of 173% using both combined. Upadhyay & Singh

(1376) observed that low yields of grain crops in the first year
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of a reclamation proqgram were improved considerably in the second
year after a sesbania green manure crop. Dargan et al. (15739)
showed that on an alkali soil (pH 9.28) sesbania Qreen mariure was
equivalent to application of 80 ka/ha N, increasing rice yields
S50% over rice following a faliow pericod. Shirwal & Deshpande
(1977) demonstrated that fertilizers alone could not solve the
problems brought about by soil salinity: rice given only WPK
yielded 0.92 Mg/ha, but when soils were reclaimed with 2.5 Ma/ha
qypsum and qreen manuring with sesbania, yields jumped to 3.7%5
Mg/ha Mathur et al., (1973) also showed significant rice yield
increases resulting from green manuring saline-alkali <oile in
Rajasthan. It is not known exactly how extensivelv &. bispinossa
1¢ used a3 & result of these promotions, but Chela & Brar (1973)
vicited villages in the Ferozepur disxrict of Punjab state and
cbserved thar the crop was used on half of the total cropped aresa.
Effecte of added organic matter are important to reclamation
of these soi1ls, as demonstrated on a saline-sodic so1l where the

responces to either cesbania green manure, or powdered fArqemone
nexicans leaf, rice straw or farmyard manure (FYM) incorporated at
.6 Masha, or gypsum at 12.% Mg/ha, were rice vield increaces of
S7, 70, 42, 53, and 23%. respectivelv (Misra, 1978), This
tndicates that quneum alone ic sometimes not as effective as
organic martter., Green manures (seshania, Crotalaria juncea, Vigna
Spp.) grown in a soil having pH 8.5 resulted in following wheat

vwield 1ncreases averaging 47% over acontrols not green manured

(Ballal et al., 1968). Frequently however, combinations of



organic matter and gypsum provide the best amendment, as
Mendiratta et al. (1972) showed in a factorial experiment with
aypsum, FrM, and sesbania green manure: wheat yields were higher
with the 3 treatments combiéed tnan with any single or 2-treatment
combination. Jauhari & Verma (1981) described the reclamation of
a soil judged *“practically non-productive" using gypsum (8.5
Mg/ha) or pyrite (6.5 Mg/ha), paddy straw, and sesbania green
manure; rice given adequate N-P-K-Zn fertilizer yielded 0.7 Ma/ha
grain in the first year of reclamation and 3.13 Mg/ha in the
second year. Lignite fly ash is another possible soil amendment,
and in a pot experiment proved as effective as gypsum in lowering
soil pH and increasing rice yields; added sesbania green lsaf
manure alone or in combination witkh the ash significantly
increazed yi=lds (Mahalingam, 1973). Sulfur has been zhown to be
sn =ffective alternative to gypsum on a calcar=sous saline-alkal:
z01l, and again, the greatest soil improvement and resulting
increases in wheat yields were associated with combinations of
snlpher apoplications and sesbania green manuring (Somani & Saxena,
1931y, Press mud, a byproduct of sugar manufacture, 13 ancther
arganic am2ndment which has been shown of value applied aslone or
1n combination with sesbania green manure (Shettv, 13735; Dhawan et
al, 1%e1),

Physical site preparations are also important in saline and
alkali soil reclamation. Leveling assures even leaching and
eliminates ponding. In lands with high water table and subject to

waterlogging, trenching may be effactive to encourage drainage.
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Such methods combined with deep plowing and S. sesban as green
manure have been recommended for preparing lands for arfforestation
with fast-growing trees less folerant of salts and waterlogaing
(Sheikh, 1974).

Leaching is an important element of reclamation. Dhawan et

al. (1%261) described an effort on a "white alkali" soil (NaCl- and

N32504-dominated) and a "black alkali" scil (Nazcoa-dom1n‘fed),
both approximately pH 10. From 4%-60 cm of water was applied in
5-7 weekly irrigations before trancplanting rice, which received
an additional 7?5 cm of irrigation and 38 cm of monsoon rainfall
during its Qrowti. perieod, The authors peointed ocut that where
initial sci1l conditions d1d not permit vigorous arowth ¢f a green

manure crop, gqreen leaf manure could be brought from nearby. In

1]

thelr experirment, varving green leaf manure application rates
beginning 3t 4.5 Mg-ha fresh material were compared or combined

With fsrmuard manure, press mud, or distillarv waste (pH 4.5-9,30).

n

Amelisrative effectes of

ecbania_green manure.

n ueed for saline 20il reclamation in couzstal
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areaz < the north China province of Liaoning (about 40 degrees

w

norsh latitude), Wwhere it was believed that tre dense plant cover
reduced so0il water evaporation, thereby preventing upward movemen?t

f zalte and their concentration at the soil zurtacy (Jen et al.,

O

19¢S;: wnon., 1965). The crop was observed to ingrease soil
porcsity, and the added organic matter promoted soil aggregation.
In North Amer.ca, Williams & Doneen (1360} grew S. exaltata to

improve water infiltration rates in scoils of California’s Imperial

b1}
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‘Yalley, but found that it was not as effective as sudan grass.
Zompared to these few non-Indian references, research reported on
50il reclamation in India is voluminous, which i3 not surprising
considering the extent of irrigated land area in Indias and the
agricultural importance of alluvial and problem soils in the
Indo-Ganges reqion.

High levels of sodium in soils depresses carbon
mineralization and formation of organic matter by depressing the
cellulolytic fungal and bacterial populations active in this
process. 002 evolution and the formation of stable end-product
organic matter constituents such as humins and humic and fulvic
acids is reduced, with a resulting decrease in the sslubtilization

of CaCO0. ‘Malik & Faraooqg, 1579; Malik & Sandhu, 127%; Malik &

3

Haiger, 1977), N-min=2ralization during decompoesiticn 15 reduc

g
i

a

under saline and alkaline conditions (Singh & Rai, 1375).
Inereasing salinity also increases ammonia volatilzstion and loss
when M-rich soil amendments such a3 green manures are incorporated
inta so0ils (Malik & Farooag, 1972; \Venkatakrizmnan, 1320)., The
latner author compared sodic and reclaimed :zoi1ls 1ncubsated with
added sesbania material and found exta2nsive M wolatilization from
the sodic soil between the 2nd and 3th (concluding) week af the
axperiment, It 1s possible that under fisld conditions, in the
presznce of rice roots, such losses would be reduced.

While losses of N from low C:N ratio materials may be greater
than from high C:N materials, the former were shown to be more

effective in reducing exchangeable sodium percentage in a



calcareous sodic soil (N.T. Singh, 1974)., Sesbania plant material
reduced an initial ESP of 91 by 38X to S& over a l0-wesek
incubation period, wh®reas barley straw only resulted in & 10%

reducticon.

Q]

Somani and Saxena (1981) monitored microbial populations in
fiela experiment comparing gvpsum and sulfur with or without
organic matter amendments in a calcareocus saline-alkali coil, Thev
found that total microflora counts increased to 3 greater extent
when se2sbania qreen leaf manure was added than when farmvard
marure, poultry manure, or rice husk were used, and thev
atrributed thlis to the rapid decomposition and high Ca content cof
the legume. The combination of sesbania and sulfur produced the

qarzat=ct improvement ih soil properties, and the erfects of the

10
Y

two amendments were additive,

goth gqreen manuring and qvpsum favorably affect saline-alkali
so1l etructure and therefore the scil s hvdraulic conductivity,
resulting 1n leaching of displaced sodium icne intc deepsr scoil
layers (radav & Agarwal, 19259, iWhere plant rootz are present,
CDZ secretions by them enhance dizsclution of calcium <alts and
the dispiacement of sodium with divalent ions (Kanwar et al..
1965). Yadav & Agarival (1961) compared the effects of gupsum and
sesbania areen manuring, and their data showed the complimentarity
of the two amendments, the former facilitating base exchanage
reactions anag the latter improving physical characteristics and,

particularly atter the second vyear, increasing soil N and organic

matter.

1]
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Uppal (1955) found that stem and leaf juices of sesbania
seedlings were quite acidic, with a pH around 4.0 during the first
few weeks of growth, later rising to 7.0 arter 10 weeks of growth,
The implication of these results is that younger sesbania crops
mav be especially effective in reducing soil pH when green
manured, but we are not aware of research done to inuvestigate
this.,

Tal

(1 1]

rance of secsbania to saline and alkaline conditions,

moaa—

Tolzrance to saline and alkaline condit{ons is common in the
genus Sesbanis. Gillett (1363) observed that African speciec are
segregated in habitat accerding to the degree of salinity in the
2daphic environment. This tolerance may be related to water

ince species with greater adaptation to drought

Y

ra2quirsement,
miant Ge expected to 2ncounter increasing salinity as soils dre or
3% ze3sfonal land-surface waters avaporate., Gillert pointed cut

that some species (S. sesban, 5. keniensis) prefer to grow beside

ryunning streams, wWhile others inhabit margins of slightly saline

lakes 3, 3oetzi1) or se2asonally rflooded shallow pans, growina in
zones acrai: zalt gradients (5. somalensis).,

In mawarl, most endemic Sesbania species ar2 halophutes,
qrowi1lng 1n sand dunes and corraline so0ils verv near -he seacoast}
af ten where they constantly encounter sal% spray. Char (1333)
observed that populations of the endargered S. manaensic growing
in the margins of a pcnd declined after a man-caused disturbance
which resulted in a dilution of salinity in the pond waters,

These observations of Char and Gillett suggest that some seshanias
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may be obligate halophytes, while others such as 2. sesban and S.

bispinoca may owe their wide dicstribution to a facultative
tolerance of saline and alkaline conditions.

Saline-aglkali soil reclamation in India involves chemical and
vhvysical soil amendments and the growth of calt tolerant crops.
Fice i1s frequently a pioneer crop in these situations: it is
challow rooted and can be grown with only cshallow, preliminary

leaching of calts; it is transplanted with a3 roct system already

n

developed in more favorable soil enviromnents in nurseries;
G~week-o0ld rice seedlings can tolerate electrical conductivities
of up to 14 mmhos/ch (Dahiva et al., 1331). Continued leaching

during the growth of & rice crop may allow for more deeply rooting

crops such as sesbania, berseem clover (JTrifolium aslexangrinums,
~heat, or barley to be sown subsequently. Like rice, cesbanis may
slsc be transplanted to avoid salt sencitivity in the seedling

¢tage, and pH in excess of 9.3 can thereby be tulerated (Uppal,

As Singh & Rai (1972 a, &, ¢, 19732, 1974) have cshown in pot

culture with artificially created levels of salinity and

alkalinity, legumes such as S. hispinosa and Melilotue alba suffer

decreaced germination percentage, root growth, shoot Qrowth,
nodulation, and nitrogen fixation as sodium and bicartonate levels
increace; plant respiration increasec with sodium. In their
study, alkaline conditions were generally more detrimental to

qrowth parameters than were caline conditions, and were less

ameriable to amelioration by applications of P fertilizer. Gill
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(1979) also showed that soil alkalinity adversely affected growth
in 5. bispinosa. Relative to the more pronounced detrimental
effects shown by cowpea, the resistance of sesbania was asvociated
with its higher protein content. Although it is a salt- and
alkaline-tolerant legume, perhaps moreso than M. albs, S.
bispinosa is less tolerant than grasses such as Diplachne fusca
(Malik, 1978) or Bracharia mutica. Bajwa & Bumbla (13971, 13974)
compared the latter with S. bispinosa and found.the grass to be
relatively sodium-tolerant, the legume relatively sensitive;
having a8 low root CEC, the grass absorbed Na in excess of Ca,
while the legume had high root CEC and absorbed more calcium.
From growth responses in soil with adjusted ESP, they determined
that S0% vield reduction occurred at ESP 35 for B. mutica and ESP

.

7 for 3. bispingsa. In severe situations sesbania mav require

[CU)

an be grown, For example, ~brol &

n

some solil amendment befor2 it
Brumbla (1371) obtained low yields (2.08 Mg/ha fresh material) of

dhaincha on an unamended saline sodic soil, but with gqypsum

[}V

spplications of 7.3 or 13 Mg/ha, legume yields incre=ased to 1lé.1
and 17.44 Ma/he.

The <soils of experiments reviewed here wherein positive
responce to green manuring with sesbaihnia were obtained had pH's 1n
the range of 8.5 to 10. Khan & Awan (19567) analysed soils from a
farm in Pakistan where a S. bispinosa crop was either luxuriant,
patchy, or had failed. Total soluble salts in the surface 23 cm
s30il horizon were 0.43, 1.39, and 3.15%, respectively, and the

higher salt levels were enriched in MaCl and Nazsoq_ Jen et al.

72



(1965) stated that S§. sesban tolerated salt concentrations of
0.42-1.04% at seedling stage, and 0.92-1.39% tovard maturity,

Dutt et al. (1983) zhowed that S. sesban seed.ing growth almost
doubled when an alkaline soil pH was reduced from £.4 to 7.9 by

sulfur application. £. sesban was found lese tolerant of saline

irrigation water (2.5 g/l salts) than Lvamopsis tetragonolobs

(Ahmad & Niazi, 1877)., Sinha (1382) fourmd 5. sesban seed
germination inversely related to increasing salinity, alkalinity,
and water cstress, but judged a germination response of Z0-56Xk to
be moderately qood when obtained under conditions other than
extreme water stress (»>=.0 bars) or high alkalinity (>pH 2.9).

sCcar. ¢ germination has been shown to be qood in an adiusted

1)
M

¥
v

o

nse o soil EC_ from 1-8 mmhos/cm (Arshad & Huseain, 19%4),

Thes: authors also showed that germination of £. bispinoss was
recuc2i to 0% at ECe 10, 23% at ECe 20, and 25% at ECE 20
mmhos. ‘e (Hussain & Arshad, 1984). S. grandiflora has oeen

o=2rved to grow well in drained margins of mangrove swamps (scll

-
R

)

oH 7.5) im W, Samca (W, Cable, perscnal communicat:

[}

. exsl<sta in N, America has been concidered =z zzlt-4ol

——

L 114

)]
d]

crorr and was 1ndicated as slightly more tolerant than {Msdicaqa

csativa, but less tolerant thanm Trifolium alexandrinum at hiqan

ECe"Sf 0% vield reductions of S. exaltata were acsscociatsd with

)

ECe=10 mmohs/cm, while maximum yields could be cbtained at ECe=2.
mmhos/cm (Maaes & Hoffman, 1977; Avers, 1977). Some ECe values for
maximum yields and 50% reductions for selected plants are

Illustrated in Figure 1; for barley and wheat, germination and

~J
w


http:0.92-1.39
http:0.42-1.04

early seedling growth require ECe=4 to S mmhos/cm (Ayers, 1977).
3. exaltata yield responded significantly to the acidification of
alkaline (pH 8.3) irrigation water with sulfuric acid on a
calcareous soil (Christensen & Lyerly, 1954).

A number of experiments on 3. bispinosa’s yield and nutrient
uptake in response to varying soil ESP and rates and types of soil
amendments have been reported by a group at Hissar, Haryana State,
in northern India. They have shown that sesbania’s dry matter
yield decreased considerably below that of maize as soil ESP
increased over the range of 2-77%, and, exp=ctably, that
increasing ESP increased plant Ma content and decreased plant Ca
content. Sesbania was able to take up as much as 21% of Ca

applied as gvpsum, compared to 17% for maize (Poonia & Bhumbla,

gl

1372, 1974a). Increasing rates of gypeum (2,4,6, and 2 me /100
zaline-sodic soil) and of farmyard manure (3,6, or 9% dry matter
masis) were found to increase bispinosa’s drv matter yield (Poonia
& Bhumbla, 1273 b & c). As expected, gypsum was shown to be
syperior to 03003 ac a Ca source for sesbania at varving soil
ESP’s when it was found that labeled Ca uptake from CaCOS
Jecreased with increasing ESP, but uptake from gypsum did not
decrease. Sesbania took up 19-29% of the applied Ca from gypsum,
but only about S% from CaCO3 (Bhumblas & Poonia, 1973), and
farmyard manure was not efrective in enhancing Ca uptake from
CaCO5 (Poonia & Bhumbla 1373c). Similar results were obtained with
5 non-saline alkali soil given either Ca source at 25-100% of the

calculated soil gypsum requirement; sesbania did not increase in
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vield in response to CaCOB, increased gradually in vield given

LsS0,, and was much more efficient in utilizing aoplised Ca than

was barley (Poonia & Bhumbla, 1573a). WVariocus scidifving azents

bania

1
n

were tried in order to increace scolubility of CaCUa. and <
vields were generally increased thereby: aluminum csulfate
deprescsed plant P uptake, and while HCl produced the grestest dry
matter yield increases, it had the leacst effect con plant Ca uptake
tFooania & Bhumbla, 1374b). Differing P sourcec were tried at
varving soil ESP levels, and it was found that increacsing ESP diag
not affect the contribution of added P to total P uptake, cut
uptake was increased by P source (calcium phosphate > socium

-..?q'.]

shosphate) and rate (SO0 ppm P > 25 ppm P) (Foonia et al., 1377,

1]

# sand culture experiment uzing nutrient solutions varying in Na

.

and Ca leveles corroborated §. bicsrinoss’s sensitivity to

increacsing Na and its positive response to incressing Ca.
Compared tc wheat, sesbania translocated lezs abscrbed Mz to
above—-ground plant parts (Poonia & Jhorar, 1574, While zome

plarts are useful in reclamation becauce they accumulate sodium in

i

their tope so that it may be removsed from the site, it appear

that this zesbania does not concentrate sodium in ite above—-qround
nartz: the implicsation is that incorporating the tops as green
manure will have a favorable effect on the salt balance of the
soil.

Abrol & Bhumbla (1979) examined responses of several crops to
varving sqil ESP brought about as a result of increasing gypsum

applications (7.5, 15, 22.5, and 30 Mg/ha). They found rice less
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sensitive than wheat (contrary to the data of Ayers, above), and
rice crops were in themselves quite effective in modifyving the
so0il environment so that ESP levels were reduced over the cropping
period. When grown 70 days, S. bispinosa vields without gupsum
were negligible, but above the first increment of qupsum, vields
were maintained at 40-47 Mg/ha fresh material, cver a range of
soil ESP from 10 to 50. Their data sugqQested a decline in
sesbania yields above ESP 60 and a S0% yield reduction at about
ESP 75. Sesbania was the first crop grown in the sequence of
crops tested and was judged tolerant to the initial conditions.
Other legumes, grown later in the sequence after the ameliorative

effects of previous crops including rice and sesbania, were judged

[0}

sensitive; they were \Vigng mungo, Lens esculenta, and Cicer

arietinum.
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RELATIVE YIELD

Figure 1. Salt sensitivity of selected crops (from data of
Ayers, 1977).
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5. NUTRITIVE VALUE OF SESBANIA SPECIES.

Sesbania leaves, flowers, pods, and seeds are sources of
animal feed and to a more limited extent of food for man.

Uses as food.

Sesbania grandiflsra is known in continental and island South
Eact Asia for its large and edible flowers. Raw or lightly
steamed, ucually after removal of calyx and pistil, thev are used
as an ingredient of soups, salads, and vegetable dishes. The
white flowers are preferred in the Philippines; the red variety
are said to be bitter. The smaller flowers of S. seeban, ye low
with purple specks, are sometimes eaten, used perhaps &as a
decarative or festive ingredient in foods such as omlettes. “Young
pods of grandiflora are eaten cooked as beans, picked when they
are supple and <4mm in diameter. Leaves are also cooked as
vegqetables. In Sri Lanka, orne method of preparatiocn is to cook
chopped leaflets with chopped onion in coconut milk, creating a
vegetable component of a traditional rice—-based meal.

Nutritional studies in India have used leaves of grandiflora
in formulations with other vegetable protein sources in
experiments with rats, and subsequently in experiments to
supplement rice diets in college women (Bai and Devadas, 1973,
1974). Grandiflora leaves were found a good calcium source in rat
diets (Devadata and Appanna, 1954). The leaves have also been
used in experimental diets for young children in India; they were
apparently less palatable than greens of Amaranthus species, being

somewhat coarser and more bitter, but leaf vegetables in general
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had to be offered in mixture with other foods to be accepted
(Gopaldas et al., 1973).

Use as leaf protein concentrate sources.

Sesbanias have been considered in India as sources of leaf
protein concentrate (LPC). Some of the reported experiments which
provided yield data are discussed in the section on yields of
perennial species.

Matai and Bagchi (1974) in Calcutta compared legumes
including S. bispinosa and found that bispinosa gave quick returns
of extracted protein because of its rapid growth over a short
period, but like Crotalaria juncea, bispinosa did not regrow well.

The authors stated that legumes which could be cut repeatedly at

3-4 week intervals, such as Medicago sativa and Trifolium

alexandrinum, seemed preferable and had higher rates of extracted
protein production: 7.3 and 4.3 kgs/hasday over 93 and 124 day
periods, respectively, with several cuts each, compared to 4.2
kg/ha/day for S. bispinosa over 23 days, or 4.3 over 45 days for
C. juncea. The height of cutting was not specified; both of these
annual species will regrow after cutting if the cut is 50 cm or
more above ground and is taken during a vegetative growth phase,
but they may not stand repeated cutting. Experiments in Hawaii
have indicated that with some annual sesbanias including S.
bispinosa, 2 or 3 cuts may be taken during a summer crop (Evans &
Rotar, in preparation).

Several reports on S. sesban as an LPC source have been

published as a result of research at Marathwada University in
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Aurangabad, India. Gore and Joshi (18976) grew sesban and found
40-52% of its protein N to be extractable, with a production rate
of 4.3 kg/ha/day extracted protein when cut every 5-6 weeks.
Mungicar et al. (1976) compared sesban with M. sativa and 5
non-legumes under varying N fertilizer rates. Sesban cut 7 times
per year had a maximum dry matter production rate of 36.9
kg/ha/day and an extractable protein producticon rate of .0
ka/ha/day; M. sativa cut 16 times had about twice these rates,

Af ter two extractions (the second with added water), the remaining
fibers from the legumes contained 10~17% crude protei~, adequate
&s & maintenance diet for ruminants. Liquor obtained after leaf
protein extraction from sesban has been found to be a suitable
substrate for fungal growth (Deshpande & Joshi, 1971), suggesting
applications in production of antibiotics and fungal or
single-cell proteins,

Gore and Joshi (1976) had pointed out that maximim protein
extractability from sesban was related to the juice:fiber ratio;
more juice resulted in greater extractability. Batra et al.
(197¢6) examined this relationship in greater detail and found that
a delay of 4 hours between harvest and processing reduced
extractable protein by 12-45% in the plant species tried; this
reduction was lowest in sesban and highest in hybrid Napier grass.
Sesban’s juice:fiber ratio (0.9 v./w.) was comparable to M.
sativa‘’s at harvest, but the latter’s ratio fell 66% in 24 hours,
while sesban’s fell only 33%. The related diminution in extracted

protein was less in sesban than in other crops tested. The authors



also found that extractability was maximum from cuttings taken
early in the morning and least when plants were cut at midday.

Plant growth stage also affects LPC yields as demonstrated by
Singh and Sharma (1981) growing sesban and two other trees,
Madhuca indica and Millettia ovalifelia. Leaves of sesban sampled
at pre-flowering (Sept.-Oct.), flowering (Nov.-Dec.), or
post-flowering (fruit setting) (Feb.-March) periods had increasing
percent dry matter (23.1-25.0-26.98) and decreasing percent total
N in the dry matter (3.10-2.86-2.60). Sesban had the highest
extractability: the LPC dry matter contained 25% of the leaf dry
matter, v.s. 20.7% for M. indica and 17.2% for M. gvalifolia; all
had the highest extractabilities in the pre-flowering stage.
Extractability in sesban fell rto about 23% in the subsequent
arawth stages, 3 3% reduction compared to reductions of 3-12% for
the others. These authors also reported lysine and methionine
contents for sesban as reproduced in Table 1. Another analysis of
sesban LPC reported the amino acids threonine, isoleucine,
phenylalanine, lysine, methionine, and triptophan in
concentrations of 2.8, 4.83, 15.7, 7.75, 4.5, and 6.73%,
respectively (Nazir & Saeed, 1970). Kapoor et al. (1978) have
reported on alkanes, alkanols, and sterols found in the leaves,
flowers, and pods of S. sesban.

Use 3s animal feed.

Sesbanias have considerable potential as sources of fodder
for animals, particularly the perennial species which being

adapted to cut—-and-carry harvesting methods ars amenable to the
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integration of fodder production into small farm systems. MWe are
not aware of any research or practice of large-scale production or
mechanical harvesting of sesbanias for fodder.

Sesbania seeds have been considered as feeds (see the
sections on seed gums and on antinutritional factors), and data on
their nutritional analysis is assembled in Table 2. Lacking
development of sesbania seeds as gum sources, whereby large
amounts of byproduct seed husk and kernel would become available,
it seems unlikely that they will become feed sources of any
significance.

Leaves of sesbanias are generally considered to be excellent
sources of protein to supplement protein—-poor roughages in
ruminant diets. Nutritive analyses of various species are
presented in Table 3. These data are all derived from materials
found either in Asia or Africa. Some data on the North American
species S, exaltata, occuring widely across southern USA and
concsidered a weed, is presented in Table 4. This annual species
has veryv determinate growth, as indicated by the declines in
nutritive qualities. The high Ca:P ratios during the reproductive
growth period would be a hazard if such materials were used as a
sole feed source.

In general, palatability does not seem to be a limitation.
Natural stands of sesbanias in Africa are eagerly browsed by
cattle (Gillett, 1963). Endemic sesbanias in Hawaii are browsed
by cattle, feral goats, and axis deer. S. bispinosa was judged to

be quite palatable to rams in the feeding study of Katiyar and



Ranjhan (1969). §S. sesban was stated to be less palatable to
cattle than to sheep and goats, which “relish it exceedingly"

(Anon., 1924).

Several studies on nutritional values of sesbania fodder have
been conducted with small ruminants, and their reports of
digestibility coefficients are summarized in Table S. Katiyar and
Ranjhan (1969) and Chinnaswami et al. (1978) both used sheep
(rams), and the resulting values for digestibility are quite
similar. In the latter study, the young animals averaging 14 kg
body weight consumed an average of 3.63 kg dry matter/100 kg body
weight/day. This was more than the value of 2.17 kg dry
matter/100 kg body weight consumed in the earlier study by adult
animals averaging 45 kg body weight. In both trials, animals
maintained or gained in body weight,

Chinnaswami et al. found positive N, Ca, and P balances. The
fresh material fed contained 2.68% digestible crude protein (DCP)
and 9.61% TON; thus the animals consumed 314 g TDN and 95 g DCP
daily. Based on nutritional analysis and digestibility findings,
the nutritive value of grandiflora was calculated as (in % of dry
matter) CP 16.89, EE 0.51, CF 13.01, NFE 30.52, TDN 61.80, and SE
47.40,

Katiyar and Ranjhan found positive N and Ca balances and a
slightly negative P balance; the Ca:P ratio of the material fed
was 1.24/0.31=4.0. They found (in % of dry matter) DCP 20, TDN
68, and SE 58.5.

Singh et al. (1980) found somewhat higher digestibility

20



coefficients when feeding S. sesban to 6-7 month old Barbari goats
weighing 7?-9 kg, although in common with the other studies, EE
digestibility was low. N, Ca, and P balances were positive.
Compared to feeding sesban ggt;ibidum, supplementing the fodder
with barley grain at approximately 20% of dry matter consumption
resulted in increased weight gains, increased deposition of N in
tissue, and increased digested N utilization efficiency, while dry
matter consumption was equal for both regimes.

Holm (1973a and b), using sheep, found that grandiflora
fodder had a digestible protein content of 18% (dry matter basis)

and SE 60.



Table 1. Protein analysis of Sesbania sesban leaf protein
extract (from Singh and Sharma, 1981).

_Growth Stage: pre=flowering flowering post-flowering
% _dry weight ‘basis
Total N S.77 S.22 4.96
Protein N 4.62 4.14 3.87
Lysine 1.07 0.88 0.84
Methionine 0.38 0.30 0.22
Ash 17.36 16.24 15.90

Table 2. Nutritive value of sesbania seeds.

Species CcP EE CF___NFE Ash _ Ca P Ref .
Bispinosa 32.7 2.9 10.7 48.7 4.9 0.37 0.39 (13)
" 36.4 6.9 12.1 43.1 1.5 (8)
sesban 2l.2 2.6 8.5 60.5 7.2 0.44 0.68 (6)
grandiflora 36.3 7.4 51.6 4.5 (4)
" (tegmen) 17.5 0.8 2.7 65.4 1.3 (14)
cinerascens 21.7 4.8 12.2 2.9 (13
mossambicensis 32.9 6.2 10.9 1.4 (15)

notes: Grandiflora seed tegmen was 20% of entire seed.
refarences: (see also preceeding table) (13) Sen and Ray, 1964; (14)
Subramanian, 1952; (15) Anonymous, 13921.
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Table 3. Nutritive values of

sesbania materials.

Species Fraction oM CcP EE CF NFE Ash Ca P Ref,
bispinosa fodder 18.0 25.1 4.2 23.6 37.8 9.3 1.24 0.31 (3
" leaves 24.6 30.3 S.1 18.5 35.4 10.8 1.26 0.30 (2
" stem 12.3 1S.6 1.9 39.4 35.5 7.6 0.90 0.39 2
sesban fodder 19.7 19.5 3.0 33.0 37.1 7.9 1.42 0.09 (11)
“ leaves 26.0 2.6 14.4 49.4 7.6 1.11 o0.27 (6)
“ . 26.3 0.9 l12.2 S0.4 10.0 2.78 0.43 (6)
" fodder 17.4 3.0 26.0 38.4 9.3 (1)
" fodder 31.8 17.5 4.2 28.0 13.2 8.1 (8)
macrocarpa 31.2 0.9¢ 0.33 (2)
cinerascens herbage 25.5 3.0 13.0 S2.4 6.1 0.76 0.40 (12)
grandiflora leaves 86.6 22.6 2.1 18.4 47.5 9.3 1.10 0.32 (S)
" " 21.0 33.4 2.6 S.7 46.7 11.6 2.33 0.34 (6)
. " 73.1 8.4 1.4 2.2 11.8 3.1 1.13 0.08 (4)
. " 17.1 25.6 4.8 17.8 1.496 0.45 (77
" leaves* 1.3 26.0 4.9 17.6 4z.8 8.6 1.32 0.47 (6)
" 37.3 5.5 6.4 41.0 9.8 (10)
" fodder 21.4 3.4 22.7 44.5 g€.1 1.52 ©0.28 (3)
“ pods 91.4 1.6 4.8 32.7 S4.4 6.5 (6)
" *flowers 11.1 1S5.1 1.8 13.2 63.4 (8)
" . 87.4 1.8 0.6 1.0 8.6 0.6 (4)
ote: some values have been rounded to the decimals given.

OM=dry matter, CP=z=crude protein, EE=ether extract, NFE=N-free extract.
* values are means for leaves picked at various ages during wet and dry

seasons.

references: (1) Anonymous, 15924;
al., 1978; (4) CSIR;

(5) Devendra, 1979;

(11) C. Singh er al., 1980;
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(2) Bosworth et al., 1980; (3) Chinnaswami et
1975; (?7) Hutagalung,
1981; (8) Kahn, 196S; (9) Katiyar and Ranjhan, 1969; (10) Ranjhan, 1980;
(12) Verboom,



Table 4. Forage quality of Sesbania exaltata (from Bosworth et al., 1980).

Growth

Stage __OMD cP Ca P Mq K Ca/P K/ {Ca+Ma)
%

vegetative 70 a 31.2 a 0.26 a 0.33 a 0.349 a 3.7 a 2.9 b 1.26 2

flowering 66 a 13.9 b 1.02 a 0.16 b 0.29 b 2.3 b 7.0 ab 0.78 b

fruiting 32 b 11.2 b 0.92 a 0.11 b 0.22 ¢ 1.4 ¢ 9.3 a 0.39 ¢

note: OMD = in vitro dry matter digestibility; CP = cruyde protein.
Any 2 means within a column followed by the same letter are not
significantly different at 5% level according to Duncan’s multiple
range test.

Table S. Digestibility coefficients of sesbania materials as reported in
s@ueral studies.

Source: A B . c
Species: bispinosa sesban grandiflora
Faa2ding period (d)

{ara2lim., samplad) 15,7 45,7 2.7
2nimal: acult rams kid qoats adult rams
ODry matter 74.0 69.53 635.65
Crude protein 82.1 30.80 79.03
g£thner extract 33.9 13.38 138.24
Crude fiber 63.7 56.13 $7.20
N-rree axtract 735.9 e7.32 63.00

ra“arances: (A) Katiyar and Ranjhan, 1969; (8) Singh et al., 1320;
(C) Chinnaswami et al., 19783.
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6. TOXICITIES AND ANTINUTRITIONAL FACTORS.

A small group of sesbanias may be classified as noxious weeds
because they produce toxic seeds. These species are often treated
as distinct from Sesbania, but conservative treatments of the
taxonomy usually place them within Sesbania but in the subgenera
Daubentonia (5. punicea, S. drummondii) and Glottidium (S.
vesicariaj. Their placement ic still a matter of controversy. S.
vesicaria is an annual which occurs in the southern U.S.A. from
the Carolinacs through Florida to Texas. The others are short
statured perennial shrubs whose range, with the exception of §S.
drummondii, extends from the southern U.S.A. to South America.
Relatively recent incurcions of S. punicea into Scuth Africa have
been reported. Toxicity of §. marginata, occurring with $. punicea
in Argentina, is suspected (Roseveare, 19248), but chicks have
survived experimental feedings of its seeds (Williams, 1283).

Poisoning by these species cccurs when animals are introduced
onto new lands and browse indiscriminately, or when desirable
forage is reduced during winter months. Generally, animals do not
browse these plants when other forage is available. The toxic
principle is in the seeds, which remain on the branches in winter
after the leaves have fallen. Sometimes consumption of the plant
by one animal will cause others in the herd to eat it also,
thereby causing multiple poisonings (Nuessle and Lauter, 1958).
These plants often oEcur in dense stands in low lying, moist
soils. Up to S00 kg of seed of $. drummondii was easily harvested

for research use with a combine from a stand in Texas.
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Kingsbury (1964) has reviewed research on the toxicity of
American species of Sesbania. Experimental feedings have verified
toxicity in chicks, fowl, sheep, cattle, and cats. Poisoning has
been observed under natural conditions in goats, hogs, and
pigeons. Neussle and Lauter (1958) reported that 25 cattle in one
hercd were poisoned by S. vesicaria, and that 0.45 kg of its seed
killed a 300 kg steer. Experimental feedings have found tox.icity
in doses ranging from 0.15 to 2% of body weight in cattle. Hens
may die from eating as few as nine S. punicea seeds. 'n sheep, S.

drummondii seed was lethal at 0.1% of body weight. Boughton and

Hardy (1939) reported that serious poisoning in sheep resulted
from feeding S. vesicaria seed at 0.015% body weight, and when fed
at 0.06%, death occurred within 12-24 hours. Duncan et al. (13255)
fed mice and chicks with a variety of legumes found in
southeastern U.S5.A.. Thev found seeds of 3. punices and S.
vesicaria to be quite toxic, but leaflets of the latter were not

toxic, nor were leaflets or seeds of S. exaltats. Flory and

m

Hebert (1984) studied the lethal effects of 2. Zrummondii zeed
fed to chickens; they associated toxicity with kidneu damage but
did not identify a specific toxin or a mechanism of action for
toxicity., Toxicity is found in seeds of Sesbania species 1n the
subgenera Daubentonia and Glottidium, but toxicity has not been
reported in species of the subgenera Sesbania which contains the
majority of the species in the genus, Agati, or Pterosesﬁania

which contains S, tetraptera and S. rogersii. Seeds of the

following species were found non-toxic when crushed, encapsulated,
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and fed to l-week-old chicks at 1% of body weight each day for 2
days: macrantha, cannabina, speciosa, bispinosa, sesban, arabica,
exasperata, marginata, pachycarpa, sericea, and tetraptera
(Williams, 1983).

Sesbanias are known to contain saponins. These triterpenoid
compounds are common in the Papillionoideae and particularly in
the tribe Phaseoleae (e.g. Medicaqgo, Glycine, Phaseolus, etc.).
Saponins may occur in different organs of the same p;ant and can
have allelopathic effects (Langenheim, 1281). Saponins are
steroids with sugars attached; when the sugars are removed by
hydrolysis, the remaining aglucon moietyv of the molocule is a
capogenin. Presence of saponins can be verified by their
hemolyvtic effect on human red blood celle through an interaction
with cholesterol in the erythrocyte membrane (Chubb, 1983). Kumar
et al. (1982) found that in low concentrations aqueous extracts of

leaves of S. grandiflora caused this tvpe of membrane damage, as

indicated by liberation of sterols and phospholipids into the
experimental supernatant. The presence of saponins is also
characterized bv a bitter taste and the production of scap-like
foam when mixed with water.,

The biological activity of saponins is primarily on cellular
and membranal components (Chubb, 1983). When extracted, they make
superior detergents, and in some countries plants rich in sz2ponins
are sold as soap substitutes (Vickery, 1979)., Saponins are toxic

to cold-blooded animals, and Vickery lists one sesbania, S.

pubescens (probably = S. sericea), among some of the many plant
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species used as fish poisons in Africa. Portions of the plants
that have high content of saponins are crushed and thrown into a
pool or behind a temporary dam slowing a stream, and the
fish==-usually stunned rather than killed outright--are gathered as
they float to the surface. Saponins are widespread in plants but
concentrations vary widely: in testing leaf protein concentrates

(LPC) as a protein source for grass carp (Ctenopharvyngodon

1dellus), Lu et al. (1977) in Taiwan found that S. sesban
("tienching“) LPC caused serious mortality in carp but LPC from
Chinese milk vetch (Astragalus sinicus) was not toxic.

Saponins are not especially harmful to warm blooded animals
unless injected directly into the bloods;ream. In ruminants, they
are degraded by the rumen bacteria and depression of growth is not
observed. In some monogastric animals, problems may occur if
saponin-containing materials comprise a large part of the ration.
Alfalfa (Medicago gativa), for example, fed as 20% leaf meal in a
poultry ration (equivalent to 0.32% saponin), can cause growth
depression, but the same level in a swine ration does not retard
growth (Chubb, 1983). Other work reviawed by Chubb found only
transient depression of egg production in laving hens fed 0.4-0.3%
saponin, while nther research suggests that dietary cholesterol
can reduce the growth depressing effects of saponins in chick
rations.

Investigations on saponin content of sesbani: are rather
limited. WVarshney and Shamsuddin (1964) hydrolyvsed extracted

saponin from S. speciosa with sulfuric acid and found oleanolic
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acid and two neutral products, one identified as beta-sitostanol
{(stigmastanol). Oleanolic acid has also been identified in seeds
of S. bispinosa (Varshney and Khan, 1952) and leaves of S.

grandiflora (Tiwari and Bajpai, cited in Varshney and Shamsuddin,

1964). Oleic, linoleic, and linolenic acids have been found in
seeds of S. sesban (Farooq et al., 1954).

The presence of canavanine has been verified in seeds of §.
pachvzarna and a variety of S. sesban in West Africa (Chantegrel
and Busson, 1964); the amino acid profile repcrted for these seeds
was noted to be particularly deficient in lveine. Canavanine is s
basic amino acid resembling argenine, and when it is used as a
csubetrate for enzvmee acting on aragenine, it i3 a growth
inhibitor. #Among legumes, canavanine is apparently confined to
the Papilionoideae, where it has been found in 35% of 150 genera
and 60% of S40 species examined (Turner and Harborne, 1967). They
reportec that seeds of eight species of Sesbanis were found
positive for canavanine, but the particular species names,
canavanine levels, and references for the information were not
qiven,

Specific antinutritional effects have been associated with
feeding of certain sesbania seeds. Subramanian et al. (1982) fed
husked S. grandiflora seed (seed coat and "inner membrane"
removed) to rats and observed growth depression. Autoclaving the
husked seed did not alleviate the growth depression. Although the

ceed portion fed had a high protein content of 69.9%, its

inclusion at 10% of the dietary protein resulted in weight loss
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and reduced growth rates compared to casein protein or protein in
dal (hulled splits) from Cajanus csjan. The authors believed that
the poor growth was due to deficiencies in lysine and

sulfur-containing amino acids.

)

Growth was also suppressed in chicks f2d se2d of 3.
bispinosa. At first, it was speculated that growth depression in
chicks was caused by the high gum content of the seed {(Katoch et
al., 1970). Subsequently, in chick-starter rations, two types of
5. bispinosa seed meals, with or without partial removal of gqum,
were substituted for groundnut cake at 0 to 28% crude protein
replacement. Controls (zero replacement) grew best, while
increasing levels of substitution significantly decreased growth.
Where over half of the sesbania seed gum had been removed from the
meal, growth was better, implicating Qum content as 3 cause of
growth depression. Chemical anmalvsis did not Qield remaglutinins
or goitrogens but did yield tannins (1.37% in mature seeds, 3.4%
ln immature seeds), and in vitro analysis detected
trypsin=inhibitory activity, The trupsin inhibitor was higher in
fnature seed (20% inhibition per m3 protein) than in immature seed
(3.2%). Significantly higher pancreas weights in chicks fed
sesbania meal were attributed to the trvpsin inhibitor (Katoch and
Chopra, 1974a).

Further study with autoclaved seed meals indicated that
al though the trypsin inhibitor was thereby denatured and chick
growth improved, pancreas weights were still high relative to

controls. The authors suspected that an unknown, heat-resistant
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factor caused the pancreatic hypertrophy (Katoch and Chopra,
1974b). Growth was greater in chicks fed autoclaved meal (at 28%
crude protein replacement in the ration), with or without partial
removal of endosperm, compared to those fed raw meals. Control
birds that received no sesbania meal still gained more weight.
Feed utilization efficiency of autoclaved meal with endosperm
partly removed was equivalent to that for the control, but
consumption of control ration was higher. The authers noted that
autoclaving removed some of the odor of the raw seed meals, so it
is possible that palatability may have been a factor in lowering
growth rates when S, bispinosa seed meals were included,
autoclaved or not.

Sesbanis foliage is generally considered innocuous, but some
negative results have been reported. A tbxicity screening was

conducted with the foliage of §. grandiflora, the closelv related

3. formosa, and & varieties of 5. sesban. Six, l-week-ocld chicks
were fed dried, encapsulated leaves at 1% of body weight each day
for 3 days. All chicks died before the Sth day when fed S.

grandiflora and two varieties of S. sesban. MNo toxic signs were

observed in any chicks fed S. formosa (Williams, 1983). In a
feeding study in India, S. grandiflora leaf meal was included in
chick=-starter rations, and feed consumption and chick growth was
decreased at the first increment (S% of the ration). Mortality
increased compared to controls (13-15% v.s. 3%), but not with
increasing proportions of leaf meal (Frasad et al., 1970).

Hutagalung (1981) mentioned S. grandiflora as a browse tree with
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considerable potential as a feed source in the tropics, but in a

table of dietary inclusion rates, recommendations for poultry and
pigs were low: 2-5%. The same author also made a vague reference
to toxic effects on livestock of the “purplish flower variety of

Sesbania.”

These few reports indicate that caution is appropriate in
feeding sesbania foliage to monogastrics. No negative reports
were found to suggest that sesbanias could not be used as a source
of fodder for ruminants. Feeding studies with sheep and goats
discussed in our section on nutritive value of sesbania materials
do not suggest any deleterious effects. In Indonesia, S.
grandiflora is said to be sometimes fed as the sole ration to
milking goats. In India, S. sesban offered for sale in markets
was reported to be bought principally for feeding sheep and goats
(Anon., 1924). In non-experimental feedings in Hawaii, pregnant

qoats fed S. sesban and S. grandiflors as a major element of their

diet had normal kidding and lactation. The growing of sesbanias
as sources of feed for ruminant livestock is, therefore, to be

encouraged.
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7. SESBANIA SPECIES AS PULP FIBER RESOURCES.

Sesbania bast fiber for cordage.

Marvesting of various Sesbania species for their epidermal
stem fibers is an ancient practice. The common sesbania of the
Americas, S. exaltata, has been used as a fiber source for nets
and fishing line by the Yuma Indians of Arizona (Parker, 1272},
and by other indians throughout 1ts range. The common epithet for
the species, Hemp sesbania, or Colorade River hemp (Robbins et
al., 1971), reflects this utility. South Asia’s common, annual
counterparts to S. exaltata, namely £, bispineca and its close

=]
—

relatives, have been similarly used, especially in ths
Eernqal-Eangladesh region (3ircar, 1248). There also, the material
fae been found especially appropriate for fishnets because it

resists decay 1n seawater (Mazumdar et al., 1373). This tolerance

of wetting accorunts for numerous maritime applications, such as
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hings. for the coarse but very strong and durable cord and

rope made with bast from S. bispinesa. In Central India, §.

i

cicpinoca fiber is known as Dundee fiber and has been regarded &

;s substitute for Crotalarig junces; it is said to be stronger and

more durable than jute fiber (Townsend, 1973).

Recovery of stem fibers is done by submerging bundles of
ztems in water for an appropriate period of time. Hussain and
Ahmad (1965) describe immersion for 25 davs, then drying and
nand-peeling of the bast, resulting in & vield of about 9% of the
total stem dry weight. Shorter socaking times such as 2 weeks as

mentioned by Uppal (1955) are probably adequate. Medvedev (1936)
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reports fiber recovery by a process referred to as heat
maceration. Stem samples were macerated at an air temperature of
35-37C for from four to nine davs, depending on plant growth
stage; "overripe stalks," harvested during seed ripening stage,
required the longer maceration period. Specific details of the
process were not given. Fiber yield was 6-7% of the air-dry
weight of stalks. In India, Maiti (1280) reoported a fiber yield
of 9% of S, bispinosa whole plant weight. He judged the fibers to
be of poor quality compared to jute (Corchorus spp.), Hibiscus
spp., and Urena spp.; these others also had much better fiber
yields, ranging between 26 and 49% of stems.

The actual extent of use of these plants as fiber resources
for string and cordage is unknown. The species are widespread in
the tropics and =zubtropics, but this use of their fibers is a
local phenomens more in the realm of erthnobotany than of
economics, uncataloged except for instances such as in India where
sorie small commercial importance has develuped. Because of
#xpanded avaliaoility of syntrm2tic fibers, the potential for use
of zesbania fiber for cordass is probably rather small.

Sesbania for pulp riter.,

The use of stems for pulp manufacture has better probability
for future development and increases the number of potentially
useful species to inclqde other partlyv woody annuals as well as
perennials such as S. sesban and S. grandiflaora. The fast-growing
annual S. bispinosa, however, has been the species of principal

interest as a commercial pulp fiber crop. Some properties of
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sesbanias relevant to pulping qualities are given

Table 1. So

Characteristic,

bulk density, kg/m3

fiber length, mm

t—

ignin, %

cellulose, %
holccellulose, %

Value

Some properties of stems of Sesbania species.
Species Fraction

in Table 1.

Reference

——

300
240-320

(38.5 lb/ft3)

356 3
(32 lb/ft™)
420
432

2.0
2-4

1.36-2.53
0.55-0.84

0.96

0.6-0.7

0.793
1.07
1.1
1.14

20-22
2l.1
16.3
le

21

45-46
77.2
85.24

bispinosa

cannabina
grandiflora

L]

sesban
bispinosa
"
various spp
]

bispinosa
L]

qrandiflora

bispinosa
u
n

various spp
grandiflora

bispinosa
n

stem

bark

core
pulp

pulp

core

FAO, 1979

Pai et al.

Razzaque et al.

Logan et al.

Bhat et al.
NAS, 1980
NAS, 1983

Mazumdar
Sircar
Wood & Gartside

NAS, 1976

Fai et al.
Razzaque et al.
Ehat et al.
NAS, 1957

Logan et al.

FAD, 19573

Fai et al.
Mazumdar

Wood & Gartside
Bhat et al.

FAO, 1979
Pai et al.
Mazumdar

Values for bulk density in Table 1 are generally higqher than

those found in field experiments with annual Sesbania species in

Hawaii

(Evans and Rotar,

in preparation).

Bulk density of

accessions grown at a population of 125,000 stems/ha (20x40 cm

spacing) was measured at maturity with sections sampled at the

gravitational midpoint of stems trimmed of branches.
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Among 32


http:0.55-0.84
http:1.36-2.53

accessions sampled, average bulk density was 215 kg (bone dry)/m3,

with a range of sample means from 158 to 284.

The scope of research interect.

Technical papers on pulping characteristics of 3. bispinoca
and other sesbanias have been published by workers at the Indian
Council of Agricultural Research’s Jute Technical Research Lab,
Calcutta (Mazumdar et al., 1973): the Parkhe Research Institute,
Khopoli, India (Pai et al., 13980); Australia’s Council of
Scientific and Industrial Research (CSIRO) (Wood and Gartside,
1981); and the Pulp and Paper Branch of the Forest Industries
Division, Forestry Department, Food and Agriculture Organization
of the United Nations (FAOQ) (Markila, 1979). Other fiber testing
for pulp manufacture has been done in northern Pakistan by L.
Markila in 1961, in Scandanavia in 12¢3 (FaO, 1979), and in
Detskoye, U33R (Medvedev, 193e6).

Trial plantings either to select suitable sesbanias for
pulpwood or to manage S. bispinosa as a plantation crop have been
zoncducted buv the Ayub Agricultural Research Institute, Lvallpur,
Pakistan (Hussain and Ahmad, 19635); U.S. Department of Agriculturs
(Jones and Wolff, 1960); the USSR‘s All-lUnion 3cientific Research
institute of Plant Growing (Medvedev, 1336); Sandwell Paperconsult
in southern Italy in 1963-1964 (unpublished); CSIRO (Wood, 13798);
UNFA0 in cooperation with the Italian Ente Nazionale per ls
Cellulosa e per la Carta at sites in Casalotti, Rome and Catania,
Sicily in 1979; and The Parkhe Research Institute at Khopoli, at

Pune, Maharashtra, and at Fort Songadh, Gujarat, India. Recent
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observation and selection plantings have been conducted by CSIRO
at Lawes, Oueensland (I.M. Wood, personal communication), and by
the Department of Agronomy and Scil Science, University of Hawaii,

at Waimanalo, Oahu, Hawaii (Evans and Rotar, in preparation).

Recorded utilization of sesbanizs as pulpwood.

In a review on the multiple potentials of S, bispinoca,
Hussain and Ahmad (1965) stated that a paper mill in (West)
Fakistan was using it after its main raw material (Eulsliopsis

binata) ran short. §S. speciosa had been imported and was under

consideration as a replacement for S. bispinosa, which was said to
be "too fibrous and woody,” perhaps because the monosulfite
pulping process uced by the mill to pulp reeds was too mild faor
woody material. Another reference to the commercial use of S.
bispinosa as a pulp source was in a report to the TAPFI Non-wocd
Fiber Conference, where Pai et al. referred to commercial scale
plantations for plant scale trials at Central Pulp Mills, Fort
Songadh, Gujarat, India. More recently, Dutt et al. (1983)
mentioned that S. sesban was b2ing sown on a plantation scale in
India, and that the West Coast Faper Mills at Dandeli, Karnataka,
and the Andra Pradesh Faper Mill at Rajahmundry have reported
vields of S0-35 tons green wood/ha/year under irriqated
conditions,

In Indonesia, S. grandiflors (locally called "turi") has been

used as a commercial pulpwood source in East Java. According to
Dr Roehyati Joedodibroto of the Institute for Research and

Development of Cellulose Industries, Bardung, Indoresia, (perscnal
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communication, 1984), a mill at Banyuwangi has for some time used
turi in mixture with bamboo, sources‘of which are becoming
increasingly depleted. The turi is obtained from farmers
throughout East Java, where it is grown on rice field dikes and
bunds and the foliage is fed to livestock or used as areen leaf
manure; trial plantations of this species near the mill site were
said not to have been successful, possibly because of inadequate
rainfall. An economic 2nalysis of the establishment of these
plantations was done (Sriyanto, 1978), but was not available for

review.

Estimated vields of Sesbania species for pulp fiber.

One of the first records of stem yields of 3. bispinoza was a
measurement taken in a farmer’s field at harvest time in Movember,
1951, in northern Pakistan: a vield of 15 bone dry Mas/hs was
estimated (Markila, 1279). In rtrials in southern Italy using z2ed
imported from Pakistan, yields were 14 bone dry Mgs/ha. Most cther
published vield information on sesbanias concerned fresh vield of
succulent green manure or fodder materials.,

In Hawaii, over 30 accessions of annual Sesbania speciec were
tested for productivity during a 14-week growth period in the
summer of 1383 (Evwans and Roetar, in preparation). Twenty=-three of
the entries were categorized as high vielding varieties (HYV s),
with total dry matter yields >10 Mg/ha and nitrogen accumulations
>150 kg/ha; these had a mean of about 13 Mg/ha dry matter and a
maximum of 17 Mg/ha (bone dry weights are approximately 10% less).

There was an average of 53% (range 24-84%) of their dry matter in
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the stem fraction at harvest, with a resulting average of 9.25

Mg/ha dry matter in the stem fracticns. Most of the accessions in

this group were those received as S. bispinosa or its close

relatives S. cannabina and S. sericea; other species included S.

emerus and S. exasperata from South America, S. gimpliciuscula

from Aucstralia, and S, rostrata from Africa.

S. grandiflora’s yield characteristics have been studied

recently because this perennial has potential as a source of
fuelwood as well as of pulpwood. Bhat et al. (1971) estimated
that if planted at 12,000 plants/ha (90x90 cm cspacing) &and with
75% survival, in three vears the trzes will averazge € m neight,
&-10 cm diameter &t breast height, and yield 128 MHMas/ha air drv
wood, In Indonesia, wood vields of 20-25 ma/ha/year are
reportedly obtained (NAS, 1280). This species has been ctudied
among other nitrogen-fixing trees in arowth trials in Hawail
(MacDicken, 1983). In these experiments at 4 sites, best

performance was obtained with Leucaena spp., but £, grandiflora

exhibited rapid early gqrowth and equalled at least cne of the
Leucaerna spp. in wood volume at every site at 1 year from
transplanting of seedlings. At that time average heiaht of S

: -~ - 2
qrandiflora was 3.3 m, mean basal area was 24.5 em=, and mean

ectimated wood volume was 24.6 m3/ha {values were 24.3, 56.2, 19.%5
and 5.5 m3/ha) for the 4 sites. Further data on this tree’s
performance will be forthcoming because of increasing worlidwide
interest in fast-growing trees, including the expansion of these

species trials into an international network of sites by the
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Nitrogen Fixing Tree Association (P.0. Box 680, Waimanalo, Hawaii
96795 UsA).

Expected yields of S. sesban are not well known. Members of
this species complex are generally very fast growing, making it an
appropriate candidate for further research. 0One limitation is

that, like S. grandiflora, its wood is rather light and it

therefore may not be appropriate for other than short—-haul
transport. One source mentions yields of 30 "tons per acre"
obtained in 1 year in India (NAS, 1933). Dutt et al. (1983)
reported that yields of 30-~55 Mg/ha/vear green wood have been
obtained under irrigation in trials by Indian pulpmills. In
plantings in Jammu (subtropical, elevation 300 m, 1000 mm
rainfall), Dutt obtained 17.3 Ma/ha dry wond in 1 vear,.and a 3
vear old planting was estimated to contain 77 Mg ha dry wood, From
their Qrowth data it appears that earlv growth i3 quite racid:
mean plant height at 15 months (6.7 m) and mean diameter a3t breas:
height (7.1 em) recorded at 3 sites were £29% and 34%,
respectively, of values obrtained at 24 months.

Technical literature on pulpina S, bispincsa.

Laborstory experiments on pulping and papermaking with S,

cannabina were reported by M.A, Razzaque and m.B. Siddique of the

Forest Research Institute, Chittagoeng (1971). (The near-synonomy
of this species with S. bispinosa, coupled with general
nomenclatural confusion on the part of most non~botanists, would
ta2nd to support the assumption that pulping chracteristics of

their test plant and the "S. aculeata” or S. bispinosa of other
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authors are similar if not identical.) They prepared pulps by
kraft, neutral sulfite semichemical (NSSC), and hot soda
processec; cold soda process was found ineffective becaucse the
low-dersity material floated and resisted chemical impregnation.
In general, as chemical consumption increased, yield decreased,
but tear factor also decreased and buret factor, breaking length,
and folding endurance increased. Longer pulp beating times,
inversely related to freeness values, produced like effects on
strength properties. The kraft pulp at 230 ml Canadian Standard
freeness compared well with tropical hardwood pulps and with birch
in regard to chemical use, yield, and strenqth. The kraft pulp
waz considered adequate for wrapping, printing, and writing grade
papers, and the NSSC pulps produced csuperior grade qQlascsine
pacers.

Some qeneral technical considerations of the pulping
characteristics of S. bispinosa stems were reported in 1572 by L.
Markila. That author’s tests conducted in 19¢1 in Pakistan alsc
revegled & material having low dencity, and delignification and
rulping chemical consumption similar to hardwocods. The pulps also
had gqood bleachability. More extensive, unpublished testing bv a
Scandinavian research institute confirmed Markila“s findings and
again indicated similarity between S. bispinoss pulp and birch
pulps (Markila, 1979).

An extensive laboratory evaluation of S, bispinosa pulp was
reported in 1980 by P, A, Pai et al., presenting data from

research by the Parkhe Research Institute on pulping, bleaching,
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beating, sheet making and sheet testing, and on black liquor
characteristics. They found that the wood had low chemical
requirements for pulping and bleaching, equal to or slightlv l=ss
than those for bamboo and Indian tropical hardwoods, and the
bleached pulp had high brightness stability., Pulp yvields were
also comparable to bamboo and superior to tropical hardwoods.
Because of the lightiiess of the wood, it was easily chipoed anag
was judged to be more adaptable to continuous than to batch
digestion processes because of low digester yields per batch
loading. Fast beating times of pulps preserved tear and opacity
and in addition conserved beating enerqy. Tear index was said to
be improved by blending with longer fibered pulps, and this
apoeared necessary in order to run thg material on high speed
paper machines. Blending of the black ligquor with liguors from
barmboo or sof twood was also thought desirable to improvs
evaporation and chemical recovery furnace burning characteristics.,
~ceording to unpublished information, a mill-scale trial run
was carried out in 1980 at the Parkhe Organization’s Central Pulp

fram

n

Mills in Fort Songadh. The trial run wa:z baced on material
the trial plantations mentioned above. In this trial unbarked 5.
bispinoza was the sole fiber supply and printing and writing
papers were produced. The results were said to be encouraging and
to confirm earlier laboratory test results. The strength factors
of the papers produced were comparable to trose of the

bamboo-based papers normally produced in the mill. Even the tear

strength was close to that of bamboo papers. This could be
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explained by the fact that S. bispiness plants were pulped with
all branches, in which long-fibered bast fiber content ic
proportionally higher than in the stems uced in the laboratory
tests. Black liquor characterictices could not be checked because
the liquor was mixed with bamboo black liquor from preceeding mill

operations.

Technical literature on pulping $. grandiflora and

other cecbanias.

Extensive laboratory data on pulping of Sechania grandiflora
has been published by Bhat et al. (1971); the work was done in
India, but their institutional affilliation was not given. Thev
reported on thé preparation and bleaching of conventional kraft,
MESC, and cold caustic pulps. Because of high initial brightness
of the wood, the production of high pulp vield with moderats
strenath properties and medium brightnese wa=z persued, with
favorable results from the NSSC and cold caustic pulpina methods.
Cptimal cold caustic pulping involved presteaming at 140 C for 1S
minutes and soaking in 7% caustic at 45-50 C for 2 hours,
resulting in 80% pulp yield. Strength properrtiez of both
laborartory and pulping plant-produced S. grandiflora ccld caustic
pulp mixed with bamboo chemical pulp in the range from 0-100% were
reported; mixtures with 40% S, grandiflora pulp were suitable for
inexpensive grades of printing, writing, and magazine papers.

Pulping research on S. grandiflora in Indonesia has found
that a medium strength, bleachable pulp can be obtained at vield

levels of 45% by cooking with 15% active alkali at 22% sulfidity
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(R. Joedodibroto, personal communication),

S. grandiflors has also been considered as a pulpwood source
for northern Australia (Logan et al., 1377). Material tested was
4.5 years old, requirecd debarking, and gave "moderately low"
vyields of sulfate pulp, suitable for "a limited range
of...products" including bleached paper grades. Papermaking
quality data given included tear indices and breaking lengths for
materials from NSSC and bleached and unbleached sulfate pulps, and
breaking leng”hs and crush resistances of NSSC materials at
varying freeness values., Pulp obtained by NSSC process was found
to be suitable for corrugating medium (3t Kappa numbers of
120-130), although "severe" cooking conditicns were required for
adequate delignification. UVessel picking and suyrface roughness
tests on handsheets indicated possible use in production of
printing papers. 3S. grandiflora was found to be compatible with
kenaf for co-pulping by the sulfate process; the resulting pulp’s
drainage rate improved in proportion to the admixture of sesbania
pulp, without any decrease in strength properties.

# number of other Sesbania species have recently been
considerad for pulpwood production by CSIR0O, Australia. Brief
data from research at the Division of Chemical Technology in
Melbourne has been reported for seven species including S.
cannabina, S. sesban, S. tetraptera, S. simpliciuscula, 3S.
pachvcarpa, and S. marginata. Stem core and bark fractions were
analysed separately, but pulping of whole, unseparated stems was

recommended. Pulps were prepared by the? soda process; drainage
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times were similar to commercial hardwood pulps but pulp yields
were termed low. The S. sesban and £. cannabina accessions tected
were decsignated as having potential ac pulpwood crops based on
their agronomic characteristics and their physical and chemical
pulping properties (Wood and Gartside, 1981).

The world need for new pulp fiber rescurces.

The demand for paper products increases at rates far faster
than precsent natural or managed resources can supply, and chipping
of tropical hardwocods for pulps joins with fuelwood needs and
timber exploitation as & contributor to the present mass-scale
deforestation. Non-wood fiber pulps, including £. bispincoss,
represent an alternative which althouah small (7% of alobal use in
1577) is particularly 1mportant in develeping countries which
along with the Peoples Republic of China, a major non~wood fiber

useer, accounted for 83% of the world's use of these materials 1In

n

1277 FAO, 1972). Economic growth in developieng nations
resulting in higher literacy, incressed consumerism, and c¢ther
indices of the physical quality of life will inexorably increase
OeY C30LTE Daper consSJdmption,

Large scale multinational pulp production industries require
vast forest resources, and their economies of scale dictate
oredictable resource availability zeveral decades into the future.
Many of these are now based on coniferous plantation forests. Few
developing country pulp industries supplving domestic markets
operate at such a level. Plant capacities are low. They must

work with local resources, often various and subject to seasonal
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availability., Traditional fiber sources often limit productivity
and type of output of these operations: competition for crop
residues for feed or fuels used domestically or industrially (e.q.
sugarcane bagasse) limits the use of these types of materials;:
residue from long fiber crops such as cotton and flax and other
sources such as abaca (Manila hemp) or sisal produce expensive,
high grade, special purpose papers; jute is suitable only for low
grade paper and board (FAOQ, 1979). Bamboo, the major raw pulp
material of India, is slow to establish, production is interrupted
by gregarious flowering and subsequent senescence of entire
stands, and yields on an area basis are low (0.5 to 4 t/ha/vr},
with a 3-4 year cutting cycle, so that vast areas are needed (Pai
et sl.. 1330,.

Fast growing annual tropiczl plants which have suitable
pulping qualities and can be managed on a plantation scale are
attractive alternatives or supplements to such traditional rfiber
sources. Kenaf (Hibiscus cannabinus) is such a crop and haz
recently been seriously considered as a pulp fiber crop for
Australia’s tropical region (Wood et al,, 1383)., 1Its bark (20-25%
of the stem) has coarse long fibers which produce excellent pulp,
but the short (0.5-0.6mm) fibers contributed by the core dilute
overall pulp quality; nevertheless, yields of two crops per year
are possible, and hopes for its development as a basis for pulping
industries remain (FAQ, 1979). Kenaf has also been investigated
in the USA by USDA’s Northern Regional Research Laboratory in

Peoria, [llinois; during recent years these investigations have
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concentrated on kenaf’s use for newsprint manufacture.

Interect in Australia in Sesbania species developed partly in
ceanizance of the nitrogen fertilizer input required for kenaf,
amounting to about 35% of the cost of its production (Wood, 19735).
In addition to the advantaqge of nitrcgen fixation, sesbanias mav
be more suitable for growing on problem soils which are salt
afrected or occassionally flooded., The wacodyv stems of manu
sezban:az are eacier to handle and to store than those of kenaf.
Ferennialz like S£. secban may be ratcorned, or coppiced; these and
even some annuals may in certain instances be cut once for fodder
or green manure, promoting branching in the reqrowth to be

hgvvssted for pulping. Seed mav also be harvested for extraction

B (]

of qumz. Given the divercity among cubspecies and varieties of S.
cesban observed in accession plantings in Hawaii, there seems to

be ample opportunity for selection and breeding of this and other

3}

2esbania species for pulpwood production on & wide range of
possible sites.

Summary .

The gcal of pulp enterpricses is to establich & cecurs raw
material supplyv which will provide good quality fiber at the
lowest possible cost. In developing countries, raw material
requirements of many mills are small, and fast growing annual or
perennial crops can be pulpwood sources offering considerable
flexibility. A number of woody Sesbania species have been found
to be suitable pulp sources in terms of technical pulping and

milling considerations. Wide scale growth of S. bispincsa as a
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green manure crop in Southeast Asia indicates that the crop is
readily managed by farmers in a variety of agricultural
situations. Factors such as the rapid growth and multiple uses of
these plants, the benefit to the soil accrued by growing legumes,
and the reduced need for fertilizer inputs compared to non-lequmes
enhance their desirability frum the farmers’ point of view, which
in turn would contribute to assuring a more secure fiber supply to

the mill.
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2. SESBANIA SPECIES AS SOURCES OF GUMS.

Many sesbanias contain gums which may be of potential value
for industrial purposes. Natural gums, or mucilages, are complex
polyvsaccharides which have a wide range of uses. Their varying
physical properties are attributed to differences in the degqree of
branching of and polymerization of the sugars. In food
processing, gums lend stability and smoothness of texture to
products by ermuleifyving, thickening, stabilizing, and binding the
ingredients. Examples of food products containing gQums are ice
cream, candy, soft drinks, beer, pastriecs, and heat—-and-s=zrve
convenience foods. Gums are also used in manufacture of paper.,
tertiles, and paints, in well=drilling and in mineral ascsav.

Bark gums.

ome secbanias exude gum from their bark when cut c¢r damaged.

o

Thie feature is particularly notable in &, grandifloras and the

om

sezban and

closely related S. formosa; it is also present in

other species. These qums upon exudation are red or white tinged
Wwith red; thev become dark red-viclet after expﬁsur& to air and
nardeninrng, Burkill (1935) cited West and Brown as stating th=zt 2.
grandiflora bark gum is similar to gum arabic. De Sornay (1l2le6)
mentioned that the gum discolves 1n water, fleoate in alcohol, and
that the pigmentation could be separated 1nto two principles: a
red "agathin" and a yellow "xanthoagathin.,” Burkill mentioned
that these gums were not knewn to be collected in Malaya. = U.S.
National Academy of Sciences report (NAS, 19379) stated that

sesbania bark gums have been used as substitutes for gum arabic,
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and suggested that with increasing scarcity of this substance as
derived from Acacia senegqal, sesbania bark gums should be
investigated.

Seed gqums.

The more likely source of gum from sesbanias is the gum
contained in their seeds. Export of seeds for gum extraction has
become a foreign exchange source in Pakistan and India, based on
the international demand for gums from seeds of guar, Cvamopsis
tetragonoloba, a plant adapted to semi—-arid tropical and temperate
zones (Whistler and Hymowitz, 197%). Pakistan’s first processing
plant to produce guar endosperm splits, thereby reducing shipping
volume, was established in 1955; at about that time, the Ayub
Agridultural Research Institute in Pakistan began to consider
alternarive gum sources, including the sesbanias 5. sesban and
éspecially S. bispinosa (Hussain and é&hmad, 19353 Hussain and
Khan, 19623 and b)). More recently, India’s National Botanical
Research Institute at Lucknow has nominated S. bispinosa as a Jum
source worthy of consideration (Chandra and Faroogi, 19572), and
the U.S, National Academy of Sci2nce has included that speci=as
among a number of legumes with potential as gum producers (NRS,
1979). VYery little published information is available on sesbania
seed gums, and despite a diversity of species in the genus, few
species other than those mentioned above have been considered.

Generally in legume seeds, endosperm tissue is absorbed
during seed maturation into the developing cotyledons and only a

thin remnant remains in the mature seed. In some legume seeds
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such as those of guar and S. bispincsa, the endosperm 15 not so
fully absorbed, and constitutes a sizeable portion of the seed.
The endosperm portion of S. bispinoca seed ic stated to be in the
range of 30-42%, about 75% of which is galactemannsan (Chandra and
Farcoql, 1979). This range agrees with data recorted by Hussain

and Khan (1962b) who found 23-36% qum in S. bi1zzin:s: ceed samples

from six regions in Pakistan; thev found slightly leszs qum
(231-32%) in £. sesban. They found thzt the =niczcevm wzz Zoous
20% extracrable N-free carbohvdrate, and vielded 85-232% qQalaztusze

and mannose in a ratio of about 1:4.7.
Anderson (1349) ectimated endospsrm percentales of & large
qroup of North fAmerican legqume seeds by cutrting throuarm mature

eede and recorcding approximate proportione of endosperm. He

m

cbtained the following value¢ for sesbanias: 20% for $. cannabins,

5. exaltats., and 5. macrocarps (the latter twoe belng svnonvms):

10% for [Daubentonia drummondiii: 1S5 vor Daubsrtonis punicea; %

for Glottidium vesicarium. Extraction of soluable mucilage from £.

macrocarpa seed bv boiling whole seeds resulted 1n 3 vield of 1E8%
of the total seed. In his stuov, awar had S0% sndeosperm by visual
estimation and 42% endosperm by mecinanical separation. Tookev and
Jones (19¢S5) have also reported on extracted qum proporticons in
American sesbanias. They found about 10% hN-free qum (i.e., protein
removed) in 5. drummondii, S. exaltstas, and 5. macroccarpa, 13.8%

in S. sonorae (=S, exaltata), and 8.7% (crude basis) qum in S.

vesicaria. Guar seeds had 22-25% N-free gum.

8. cannabina seeds have been analvsed for gums along with
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other legume seed gum sources found in China. They were found to
contain 33.5% endosperm (Li et al., 1980), and the qum’s chemical
structure was investigated (Anon., 1278).

S. grandiflora seed gums have been examined and their

chemical characteristics elucidated in detail by workers at the
Central Food Technological Research Institute at Mysore, India
(Rao =and Rao, 1965), and later at the Ahmedabad Textile I[ndustry
Research Association (Srivastava et al., 1968). According to
thece investigators, gums were associated with the tegmen, or
inner seed coat, and constituted about 20% of the weight of mature
seeds. Water soluble polysaccharide in the gum was over 320%
galactomannan with a D-galactose:D-mannose ratino of 1:2. Li et
5l., (1920) found the same ratio in $. cannabina. Rzo 2t al.

. soecivsa., which zentsinzc

u)

r1230) have also studi=d seed qums in

-
Q)
1]

3alactose and mannose in a ratic of l:2.2. MWith both speci
examined, hydrolysis of the fully methylated polysaccharide
vielded 2,3,4,6-tetra-0O-methyl-D-galactose,
2,3.,6-tri-0-methvl-C-mannose and 2,3-di-0-methyl-D-mannoze, 1n

2quimolar proportions for 3. grandiflora and in 1:1.1l:1 rarin for

w

. 3peciosa.

In a technical report on gum physical properties originating
from Lucknow (Kapocor and Farooqi, 1979), seed gums extracted from
5. bispinosa endosperm were found to be readily soluble and easily
dispersed in water; hydration was complete in 1 hour with
stirring. Solution concentrations of 1% had viscosities of 400

centipoises (cP), rated low, but concentrations of 2% gum produced
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solutions with viscosities in excess of 3000 cP. The non-ionic
gum showed stable viscosities below pH 9.0, but above that level
qelling began and viscosity rose sharply. Fluxes in viscosity
resulting from shifts of solution temperature were stated to be
indicative of unusual pruperties., The gum wae judged to be
similar to other commercial gums such as guar and carob (Ceratonia
siliqua).

Huang et al. (1380) in the Pecples Republic of China have
investigated the physical chemistry of gqum from seeds of S.
cannabina., Isolated and purified gums were found homogenous af ter
ultra—-centrifugation. Data chowing trends of variation with qum
concentrations of values for sedimentation coefficient and reduced
vigecosity of qum solutions obtained from both alcoholic
purification and copper alcoholic purification were given. The
fermer purification had molecular weight 291,000, while the latter
had mw 206,000 and correspondingly lower values for intrinsic
viscosity and sedimentation ccefficient.

Seed vields,

Seed vields of S. bispinosa have been reported at 1.5 MT-/ha
in Pakistan (Hussain and Khan, 1962a). 7Yieldes in this range and
greater are probably obtained by taking one or more top cuts
during the vegetative growth period to stimulate branching: floral
racemes arise from branch axils. In a farm-scale economic
analysis for India conditions, Chandra and Farooqi (1979) set 1
MT/ha as a minimum vield. This appeared to be based on earlier

work at Lucknow, where on saline-alkali lands of soil pH &.9, S.
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bispinosa sown at 73x45ecm produced an average of 1 MT/ha seed over
two seasons of experiments with differing sowing dates and N and P
fertilizer levels (Misra and Singh, 1976). The value of stems as
fuelwood accounted for one-third of the gross profit, Their
analysis did not include cost of an early cutting to stimulate
seed production or the value of the fodder or gQreen leaf manure
thus obtained; such a practice might result in reduced vield of
the fuelwood component, but if it increased the yield of the less
bulky and more easily handled seed component, it would be worth
consideration. At Varanasi in India, on a sandv loam soil, K.G.
Singh (1971) obtained an average seed yield of 2 Mgs/ha (and a
maximum of 2.5 Mg/ha) when phosphorus was applied. Stem yi=ld

" averaged about 15 Mg/ha, and the average vield ratio of harvested
stem to seed was 6.3.

These seed yields for S. bispinosa are similar to vields
found in seed increase plantings in Hawaii, wh2re at low plant
populations and without management to enhance seed production,
vie2lds equivalent to approximately 1.5 MT-/ha were obtainesd for
accessions of S. cannabina from Australia, S. macrantha from
Africa, and 3. sesban from Egypt (Evans, unpublished data). There
is obvious scope for consideration of other Sesbania speci=®s or
for selection or breeding of varieties having higher seed yields,
lack of pod shattering upon drying (a problem with §. bispinosa),
higher galactomannan content, lower tannin content, resistance to
pod pest infestation, and response (or lack of response) to

cutting management designed to increase seeding. Seed yield under
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varying planting dates, where possible, should be considered,
since many annuals have different growth forms under
flowering~inductive and non-inductive daylength conditions., Misra
and Singh (1976) found higher yields for csowings in June than
earlier (April, May) or later (July) in India, but differences
there appeared to be caused by seacsonal climatic variations in
temperature, rainfall, and winds.

Co-products of Secbanig cseed gume.

While S. bispinosa seed gums can be & marketable product, the
sdaptability of the plant and the presence of co-products make it
vet more attractive. It can be grown on lands afrected bv soil
alkalinity and salinity-—an estimated 17 million hectarecs of thece
lands are left uncropped in India (Chandra and Faroocqi, 1979)=--and
when sown in such areas will not compete with crepland, The value
of ctems for fuelwood has alreadv been noted. An additicnal
potential exists for utilization of the se=d after removal of the
endosperm, in cases where such processing is done locally.

ed

1)

The whole seed consists, in its general partes, of the s
coat (tecta, sometimes referred to as "husk"), the endoscsrm
containing the qum, the cotyledons, and the germ (embryvo, plumnule,
and radicle). Sometimes the terms "kernel" or "meal" are used to
deccribe the fraction that is neither seed coat nor endozperm:;
sometimes the term "seed meal" refers to the entire rezidue after
removal of the endosperm, i.e. the kernel plus the huzk. Table 1
summarizes analytical data on S. bispinosa seeds and seed

fractions. Kapoor et al. (1979) have reported on the fatty acid



composition of S. sesban seeds.

Seed meals have been considered in Pakistan as substitutes
for peanut meal as an ingredient in culture media for growth of
penicillium. While seed byproducts from gquar processing were not
suitable, S. bispinosa appeared to be usable in the range of
3.5-9% of the media mixture (Hussain and Ahmad, 1955). Howewver,
there has been no information on this type ~f use published
subsequently.

3. grandiflora seed proteins were considered among other

plant seeds in a study searching for vegetable adhesives for
plywood manufacture and related uses (Narayanamurti, 1957). High
protein contents were found, and about half of the pratein
nitrogen was extractable with water, compared to 75% for

Crotalaria juncea which was the highest extractability of zeeds

tested. 3Some additional analytical data was given but no
conclusions were made as to the relative suitability of S,
arandiflora seeds as a source of proteins for glue. Markila
(1279) has suggested that S. bispinoss seeds mav be 3 source of
adhesive gums for the papermaking industry,

There would be more scope for use of Sesbania seed meals in
preparation of animal feeds. In mentioning feeding experiments
which apparently used whole seeds, Hussain and Khan (1962a)
reported that whole ground seeds were unpalatable to cattle, but
in mixture with cottonseed meal, wheat bran, and molasses,
palatability was maintained with up to 33% ground seed in the

feed. Sesbania seeds and seed meals have beén considered for
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poultry feed (Katoch and Chopra, 1974a and b; see section on
anti-nutritional factors), and whilg removal of the gum rendered
the meal more acceptable as a ration element, it appears that
further information is needed regarding the effect of including

these seed meals in animal diets.
Table 1. Analysis of S. bispinosa seed fractions.*x

Fraction Ref.*x % of s=2ed Protein Fiber NFE Fat Ash Ca P
zeed coat 1 20 8 4o 44 .4

2 le-20 le 25 4 0.5 4.5
endosperm 1 33 6 7 90 1.2

2 30-42 16 2 73 0.7 0.6

3 25
rernel 1 45 58 4 e7 4.8

2 42-46 6l 8 13 7.0 4.1

2 - 51 (=] 20 3.5 0.20 0.e€7
whole seed 1 100 z? 13-29 S0 4,2 3.3=-5.4 0.44 0,99

3 100 32 11 4g 4,1 0.1 0.47
seeg meal 2 - 43 11 17 6.5 4.2 .50 0.9

»x values are percentages and have been rounded,
+ Feference 1 values from Hussain and Khan (1962a); the same % <seed fractions
were reported by Li et al. (1980) for S. cannabina.
Feference 2 values from Chandra and Farcoqi (19279).
tzrerence 2 values from Katoch and Chopra (1974a); thev prepared "dal" by
pounding seeds and winnowing to remove husk and about 43% of the endosperm
Qqum.,
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9. MEDICINAL USES OF SESBANI~ SPECIES.

Traditional medicinal uses of Seshania species, particularly

S. grandiflera and §. gesban and to a leszer extent &. bispinosa,

are known in Asia, but we have not found evidence of such uses in
the Americas. Information pubtlished in Watt's Dictionarv of the
Eccriomic Products of Indias (1889-1892) has been often repeated and
added to 1n subsequent compilations (e.q. The Wealth of India bv
India“s CSIR (1972), Burkill (1225) for Malavesia, Quisumbing
(1251) for the Philippineg, Neal (19e€S) for Hawaii.) For Africa,
Watt and Breyer-Brandwyck (1962) have csummarized uses which mav
apply to a number of the sesbanias found there.

Z. grandiflora juices and extracts have an astringent
quality, contracting body tissues_and blocd vessels; they are used
for reducing fever, promoting flu.d discharge and subsequent
drvina of mucous membranes and other tissues, and as
antihistaminice. For systemic discrderz (e.q. smallpox and cther
feverz), decoctions are taken internally. Local applicationes are
said to bring relief to nasal congestion and rhinitis, and
rreadache azsociated with sinusitis: juice of l=aves and flowers
“"blown up the nostrils...causes a copious discharge of fluid
relieving the pain and sence of weight in the frontal sinuses:’
juice of flowers applied to the eves is said to relieve "dimness
of vision" (Watt, 1892)., The bark alsoc has these astringent,
tonic, and febrifuge qualities. In Java it is used for thrush and

stomach trouble in infants (Burkill, 193%). Leaves are said to be

aperient (laxative). Root juices are used as an expectorant;
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poultices of roots and leaves are applied for rheumatism,
swellings, bruises, and itching.

. bispinosa appears to have similar astringent qualities,

o

promoting healing and the discharge of pus. Pastes of the se2eds,
sometimes mixed with flour, are applied to ringworm, other skin
di ssases, and wounds (Duke, 1981; Hooper and Field, 1337). The
latter authors report a superstition in India that mere sight of
the sgeds relieves pain of scorpion stings.

Uses of S. sesban are similar to the above but with even
wider applications in terms of specific ailments, and some unique
qualities not mentioned for the others. The quality of
astringerce is apparently quite powerful in sesban. Fresh root
and poultic?s of leaves have been used for scorpion stings, boils,
and abcesses. Rheumatic swelling and hydrocele (a collectian of
watery fluid in a cavity of the body, especially in the scrotum or
along the spermatic cord) are said to be resclved by application
of poultices of leaves; diarrhea and excessive menstrual flow ars

s of lesf

(]

2aid to be relieved by the seeds: doses of up to & ounc
juice may be 3iven as an antihelminthic against int2stinal
tapeworms and roundworms (Watt, 1392).

Even more imaginative uses of sesban are reported for the
Haya of Africa, who use it ("mubimba") for sore throat, gonorrhea,
syphilis, yaws, fits in children, and jaundice during pregnancy.
In West Africa it is used against fever and guinea-worm (katt and
Breyer-Brandwyk, 1962). Decoctions of the leaves are reportedly

used by the Hausa people as a drench for cattle to repel the
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tsetse fly (Gohl, 1975; CSIR, 1872). Clasims are alsc made for its
use in preventing smallpox (seeds) and in treating chronic colds,
diabetes, inflamed testicles, swocllen limbs, and stomach troublec
(leaves), The same writer (Hurov) repcrts buds and flowers
contraceptive when taker during the menstrual period.

There may be sume basis for such claims of antifertility
activities of the flowers. In reviewing work on indigencus Indian
plants for fertility control, Nagarajan et al. (1982) summarized
results of several articles in which extracts of flowere (but not
of leaves) of S. sesban resulted in antifertility activity in rats
and mice {(Bhaduri et al., 1968) and were cited acs abortifacients
in mice (Pakrashi et al., 1973%. Thg latter authors reported the
belief in Indis that the taking of flowere for three dave during
menstruation inhibits conception. Thev fed extracts }o pregnant
mice at S0 mg extract per kg bedv weight on day one and dav =ix of
pregnancy, and found abortifacient activity ranging from S4-77%
depending on the type of extract.

There are several references to use of sesbanias leaves as =
galactagoque to stimulate or increase the secretion of milk., Ochcse

(1931) stated that in Java leaves and young pods of S. qrandifiors

are eaten, especially by nursing mothers. ®According toc Brown
(19%4), feeding these leaves to cattle ie believed to increase
their milk production. The Haya people of Africa use S. sesban
similarly. Hurov calls S. sesban the "Kenya milk shrub."
ANtitumor activity has been reported for the North American

species S, drummondii, and brief reviews of this work have

- o
—
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recently been published in popular scientific press (Anon, 1923;
Garmon, 1983). This characteristic was revealed when Powell et
al. (1975) reported that ethanolic seed extracts of 5. vesicaria,
S. punicea, and S. drummondii were cytotoxic in the KB cell
culture and were active against lymphocytic leukemia P-338 in
mice, Fractionation of S. vesicaria resulted in enrichment of the
active portion, but it was not possible at that time to associate
the antitumor activity with any constituent. Later, Powell et al.
(1379) described the isolation of a cytotoxic compound from an
ether extract of S, drummondii which was given the name sesbanine,
The compound has no close structural relatives, Further
fractionation revealed a second compound, drummondel (Powell and
Smith, 1981). Because 450 kg of seed yvielded only S0 mg of purse
zesbanine (Powell et al., 1979), erfforts to synthesizie the
substance were initiated; recently they cited four groups having
produced a svnthesis before 1981 (Powell 2t al., 1383), and Wanner
et al., (1982) have published an additional report. Synthertic
sesbanine is said not to have shown activity in experimental tumor
systems (Powell et al., 1983). However, that work reportsd thart
fractionation of sesbanine has revealed an "sxceptionallv potant
antitumor compound," sesbanimide, having an unusual tricyclic
structure with single bonds linking the rings. Similarity in
structure Wwith glutarimide antibiotics has raised the question of
whether sesbanimide is a true plant product or a metabolite of a
microorganism associated with the plant. I[n National Cancer

Institute tests, sesbanimide given to mice at 0.01 mg-/kg body
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weight resulted in a 171% increase in survival time compared to
control leukemics which did not receive it; other tests in vitro
have demonstrated inhibition of human carcinoma cell growth
({Garmon, 1983; Anon, 1983). Synthecis of zesbanimide has not yet

been accomplished (Powell, personal communication, 1983).
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10, KRHIZOBIUM RELATIONSHIPS IN SESBAMIA SPECIES.

rRhizobium bacteria which riodulats Secbania species are
fast—growing strains. Isolates of these bacteria to not appear to
be verv stable when stored in culture, and they tend to lose
viability (B.B. Bohlool, persoral communication). Frequen:
transfer of cultures, maintenance of appropriate storage
temperatures (refrigeration may not be appropriate), and buffering
the culture media against shifts toward lower pH mav be tactics to
promote culture maintenance, but there have been no reported
experiments to find the proper conditions. Some physiological
responses of rhizobia isolated fraom zesbaniacs to certain strecses
have been studied by Indian scientists, 1ncluding the effects of

Srreptomuces spp (Oblisami & Rangaswami, 19€7), 2,4-D (Pareek &

3idhu, 1978), and moalvbdenum ana copper (Singh et al., 1975).

Studies on secbania nodules include research on the
absorprtion cpectrz and behavior of $. cannabins leghemoglobins
(Thakkar & VUyvas, 1972, 1973, 1275), and a report on the relaticon
betwesn sugare srnd bacterviel invertacse in developing nodules on &,
grandiflors v3ingh et al., 12230). Mathur and Singk (1971) studied
the effects of seed treatment with various pyrimidine bases and
their analogues on subsequent nodulation of S, bispingsa. Khurana
and Vyas (1576) used gel electrophoresis to study and compare
isozymes in bactercids from nocdules of sesbania, Cicer, and Pisum.
Sen (1969) described morphogenesis of nodules of a number of

legqumes including 5. sericea. A more specific study of infection

and development of nodules on §

- .
—

sesban roots was done by Mahmood

147



and Jamal (1977), and Tang et al. (1980) used electron microscopv
to study and compare the stages of the infection process in S.
cannabina,'Glgcine max, Pisum sativum, and Phaseolus vulgaris.
Cross—inoculation relationships between Rhizobium of Sesbania
and those of other legumes have been the subject of a number of
studies. Date and Halliday (1980) categorized the
Sesbania~Rhizobium symbiosis as "promiscuous but often
ineffective,” but did not give references or data in support of
this view. The general implication of the literature, confirmed
by our observations (Evans, and Evans & M. Habte, unpublished) is
that Sesbania species vary considerably in their ability to be

nodulated by specific strains of Rhizobium, and there is

host-strain specificity within the genus.,

Recent work by Gaur and Sen (19373, 1973%) reveal=zd 3
relationship between Sesbania and Cicer symbioses. Of 71 Cicer
isolates tested on 89 legume specizs, including C. arietinum, 18
nodulated only S. bispinosa and S. sesban., Of 287 isolates
obtained from 52 legume species {not including Cicer), the onlv
isolate nodulating C. arietinum was one from S. bispinoss. The
autrors observed that in field conditions, the "loose,
non-reciprocal kinship of Cicer with Sesbania” was rare., Other
recent investiqQations by Trinick (1980) studied the relationships
among fast-growing isolates of various legumes including S.
qrandiflora. Trinick and Galbraith (1980) founc .at S.

grandiflora isolates, as well as isolates from Leucaena

leucocephala, Mimosa pudica, and Lablab purpureus, nodulated the.
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non-legume Paracsponia, with low levels of N-=fixing activity.

Earlier work by Trimick (1968) had nodulated L. lsucocephals with
S, grandifiora 1soclates, but the symbiosic was ineffective.

Oblisami (1974) studied a Clitoria ternatea isclate which

nodulated B. max and was able to produce nodules on cowpea and on

secbania to a greater extent than on 1ts criginal host., Llitorig
was not cross-compatible with the bean, pea, clover, or alfalfa

crosz-incculation aQroups, but was nodularted by isolates from S,

bispinosa, Crotalaris juncea, G. max, and cowpea. Ishizawa (197)
haz also compared cross—inoculation characteristics of Sesbania,

Leycaena, and Mimosa. Sanoghco (1977) studied isolates of the
African zpecies 3., letocarpa and 3. pachvcarpa in compatibility
teste with other lequmes of the Lido Valley of Mali.

Earlier ctudies on cross=—inoculation in Sesbanis were done by

Wilson 11329), Briscoe and Andrews (1938}, Raju (193¢, 153&), Heoae

(1 , and Harries (1%41l). Most of thece studies involved a

(14

129

number of legume genera. Suggqestions by Raju and by Briscoe and
Andrews to ectablish a "dhaincha" or "sesban" incculaticn 3roup of
Fhizobium were not widely accepted. Faju pointed cut that
tecbania strains were somewhat efrective on cowpes, but Secbania
was in general nodulated only by ite own isclatecs. Other authors
including Gaur and Sen (1979) have also commented on the arfinity

of Secbanis with the "cowpea miscellany." Wilson (1346) made the

15}

interesting observation that icsoclates from one S. exaltats plant
were not necessarily capable of producing nodules on plants from

seed of a different S. exaltata plant; he suggecsted that this was
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genetic variation resulting from cross—-pollination, incompatible
with the Linnaean concept of a species.

Johnson and Allen reported cultural (1952a; and nodulation
(1952b) studies which revealed differences in 3train growth
characteristics and marked host specificity in strains isolated
from different Sesbania species: isolates from the north american
species S. macrocarps =5, 2xaltata) shaowed cultural
characteristics different from isolates from S. grandiflora, 5.
bispinosa and S. sesban (3 pantropical species), and S. tomentosa
va Hawaiian endemic). The cowpea arfinity was again observed, as
Sesbania isolates nodulated common beans and cowpeas, but without
reciprocity.

Some studies of the salt tolerance of Sesbania species have

facus

23 on e tolerance of their associated Rhizobium sumbionts,
Bnardwa)l 1127481 found that of 9 saline-alkali soils from 3
states i1n M. India, all had strains which nodulated 3. bispinosa.
Bhardwaj (1372) had previously noted that strains isolated from
saline-alkali zo1l survived more readily when incubated in hignly
saline2~-alkali soils than did strains from nor~saline—-alkali socils.

Comparing different legumes, Bhardwai (1374b) found that secbania
was more frequently nodulated under field conditions than were

Melilotus parviflora, Trifolium alexindrinum, Cvamopsis

tetraqonoloba, Vigna unquiculata, L2ns esculenta, and Pisum

gativum (listed in decreasing order of nodulation incidence and
nodule number/plant); strains isolated from sesbania were judged

more effective than those from the other species. Additions of
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gypsum with either farmyard manure or sesbania green leaf manure
were found to enhance growth of these straing «f rhizobia
introduced to sterilized soil. 20% of the strains isolated from
sesbanias in saline—alkali soils were pigmented, v.s. 4.5% in
normal soils, suggesting correlation between pigmentation and salt
tolerance (Bhardwaj, 1972b).

Tadav and VUyas (1971, 1973) found secbania isoclatec more
tolerant of salts and alkalinity than 1s3o0lates from Glvcine rmax

and Crotalaria iuncea. The strains all grew well at pH 10 but

were sensitive to pH 3.5-4.0.

While Rhizobium apparentlv can tolerate high pH ano salt
concentrations, legume symbiosics is generally inverselv =ffective
with increases in these conditions. Singh and Rai (1372, found

decreased nodulation in both S. bicpincsa and Melilotus alba as

csalinity and especially alkalinity increaced, although these
declines were ameliorated bv phosphoruz applications. Comparing 10
cultivated lequmes, most had substantially reduced growth and
nodulation as a result of increasing scil ESF, with a maximum of
ESP 39 for most of them, but sesbania and M, parviflars could grow
and be nodulated at ESP 70; however, even in these tolerant

species, development of nodulation was delaved.
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1. SESBANIA ROSTRATA: A SPECIAL CASE.

Among the remarkable qualities of growth and tolerance
displayed by species of Sesbania, the almest singular peculiarity
of one species stands out. Sesbania rostrata, native to tropical
West Africa, supports nodules on its stem and branches as well as
onh 1ts roots. This relatively unique phenomena is also noted in

some Aeschunomere species (Arora, 1954). Research on this

symbiosis in S. rostrata and ite agronomic implications has been
conducted by scientists at the Office de la Recherche Scientifique
et Technique, Outre-Mer et Centre National de la Recherche
Scientifique at Dakar, Senegal, frcm whose reports most of the
information following has béen derived.

Secbenia rostrata (Brem. and Oberm.) is an annual legume
which has been described by Berhaut (1967). 1ts distribution,
according to Gilletc¢ (1971), is from Senegal to Sudan, Congo
(Katanga), Zaire, Malawi, Rhodesia, Botswana, Caprivi Strip,
Madagascar, apparently always local and never abundant., It
normally grows during the hot, summer season (June to September)
in the Senegal Valley when moisture is plentiful, and like many
other sesbanias, as a natural habitat it prefers low-lying, moist
soils which are frequently waterlogged and occasionally inundated.
During its vegetative growth period, generally 2-3 months long in
the summer months, it may reach heights of 5 m before entering its
reproductive phase. However, when cultivated during the cool, dry
season centered on the period from December to Feburary, qrowth is

poor and quickly interrupted by flowering, probably due in part to
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the shorter photoperiod during these months at 15 degrees north
latitude in Senegal (Dreyfus et al., 1983).

Stem nodulation as it occurs naturally in S. rostrata is not
well characterized. Nodulation can occur at any height on the
stem, although not all of the prospective sites of nodulation are
always invaded by Rhizobium and nodulated. Nodule mass on a
well-nodulated S. rostrata plant may amount to 15-40 g fresh
weight per plant, and specific nodule activity as measured by
acetylene reduction is comparable to nodules of soybeans and
cowpeas (Dreyfus & Dommergues, 198l1)., The method by which the
rhizobia reach the stem sites is not known, but it is suspected
that dust is an agent, since plants on the borders of stands of S.
rostrata in Senegal were observed to be more extensively
nocdulated. Experimentally, dilute cultures of Rhiz;bium are
sprayed or painted on the stems. Temperature and humidity
apparently play a role in the infection process, since during the
winter months in Senegal infection is difficult to achieve, while
durina the summer, it is difficult to maintain control plants
unnodulated (Dreyfus et al., 1283; Rinaudo et al., 19282,
Possiblv, under natural conditions stem nodulation occurs onlv in
waterlogged plants.

The sites of infection are root primordia which first appear
as small swellings, usually less than 1 em apart in rows, and
there are 3-4 or more rows on all stems and branches. ARAs the

stems develop, the apex of the root initial pierces the epidermis

at these sites, and this rupture is the point of access for
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rhizobia. When the stems are flooded, adventitious water roots
arise from these meristematic sites; otherwise, they may become
nodule sites. Even after development of a nodule, the latent root
apex may begin to grow if that portion of the stem is flooded
(Duhoux & Dreyfus, 1982). The process of infection has been
investigated and described by Tsien et al. (1983) and Duhoux
(1984). Similarly to the infection process in groundnut (Arachis
hvpogaea) roots, rhizobia enter the plant via intercellular spaces
rather than through infection threads formed by cell wall
invagination of curled root hair tips, as is the case with most
other legumes. Differing from groundnut, rhizobia entering S.
rostrata cytoplasm from intercellular spaces do so by an
intracellular invagination cimilar to an infection thread. The
cells thus penetrated are described as a highly meristematic,
cortex—derived tissue surrounding the base of the root primordium.
Rhizobium characteristics in the S. rostrata symbiosis are
also unique. The strain isolated and described by Dreyfus and
Dommergues (1981), ORS 551, is apparently capable of fixing N in
its free-living state, since cultures grow when given N2 or
ammonia as sole N source. Because these strains can be selected
in culture for N-fixing ability or lack thereof, they offer
opportunities for genetic studies such as have been reported by
Elmerich et al., 1982. When in developed stem nodules of
experimental plants grown hydroponically, these bacteria fix
atmospheric N despite the presence of combined N in the root zone,

but when in root nodules, N fixation (as indicated by acetylene
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reduction) was inhibited by combined N. N in the root zone
actually enhanced acetylene reduction in stem nodules (Dreyfus &
Dommergues, 1980). The implications of this ability are
important, since most legumes tend to take up available soil N
preferentially, and fix large amounts of atmospheric N only when
s0il N is depleted in the root zone.

The Rhizobium nodulating S. rostrata stems is fast-growing
and highly specific. ORS 551 nodulated other Sesbhania species,
but not e%fectively, while isolates from S. pachvcarpa likewise
produce ineffective nodules on S. rostrata roots. Cowpea isolate
CB 756 and isolates from Aeschynomene sp. stem nodules would not

nodulate S. rostraty roots, and ORS 5351 did not nodulate roots of

Aeschynomene or of Macroptilium autropurpureum (Drevfus &
Uommergues, 1981)., Strains from S. rostrata which nodulate its
stems will aiso nodulate its roots, but not all root-infecting
strains will nodulate stem sites. Dreyfus et al. (1983) refer to
3 types of nodules occuring on S. rostrata: the stem nodules, and
2 types of root nodule, one of which occurs at the root crown just
beneath the soil surface, has terminally meristematic lobes, and
is 2-15 mm long, and the second of which is spherical, 1-2 mm in
diameter, and is found along lateral and adventitious roots. The
first type of root nodule disappears upon flooding, perhaps
because since S. rostrata does not develop aerenchyma as
extensively as do most Sesbania species when flooded (Evans,

observation), and lacking this tissue the nodules can no longer

function. However, the second type of root nodule proliferates
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upusn flooding. All types of nodules have green epidermal tissues,
including those near the soil surface,

Similar nodule morphologies were noted on S. rostrata plants
grown in Hawaii, but we were not able to effectively nodulate
roots or stems with cultures isolated from a number of other
Sesbania species (Evans and M. Habte, unpublished data). Grown in
soil, lobed root nodules occasionally developed on some =- but not
all -- S. rostrata plants, and some of these nodules seemed
effective by the presence of leghemaglobin and by plant color.
Isclates from such nodules did not infect stems or reinfect roots.
The small round nodules which developed on floating roots were
often lacking leghemaglobin. CZome apparently ineffective stem
nodules were obtained after painting stems with fresh, crushed
nodules from a different Seshania species. Grown in field trials,
S. rostrata had low N content compared to other sesbanias, and did
nct sppear to be effectively nodulated even though inoculated with
strains highly active on other species (Evans & Rotar, in
preparation).

The use of N fixed by S. rostrata to benefit azsociated
non~legqume crops was tested in a "preliminary" experiment, widely
published in various forms (Rinaudo et al., 1582a&b; Dommergues,
1982; Rinaudo et al., 1983; Dreyfus et al., 19832). S. rostrata
was grown at a population of 400,000 plants/ha (i.e., about 16 cm
apart) during the summer in Senegal, kept under flooded conditions
for most of its growth period, and inoculated twice (21 and 30

DAP) by spraying stems with ORS 551. One month after the first
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inoculation (about 50 DAP), when 1.5 m tall, the plants were cut
into 10 cm segments and incorporated into the soil, which had not
been irrigated during the previous week. About ? weeks later, rice
seedlings were transplanted at a population of 250,000 hills/ha,
flooded, and grown for 120 days.

In plots where the legume was not grown or incorporated,
yields were increased by about 70-80% when NPK (N at 60 kg/ha) was
applied, v.s. controls receiving only P and K. When the legume
was applied (also with P and K), yields were increased by about
170-180% over control yields without added N (Rinaudo et al.,
1982). Plant N content was also significantly increased, and
total N uptake in green manured rice was more than double that of
rize receiving 60 kg/ha inorganic N. The authors extrapolated
that soils of lower than average fertility could support rice
grain yields of 6 Mg/ha with PK fertilizer and S. rostrata green
manure (Rinaudo et al., 1982b).

The experiment was conducted in microplots measuring 1 m
square by 50 c¢m deep, separated bv concrete walls and rendered
watertight with polyethelene sheet plastic; each contained 560 kg
s0il, a sandy Ustropept. Based on a comparison of plots receiving
no N with plots green manured, in regard to increases in rice N
uptake and soil N content following the rice crop, the authors
estimated (Rinaudo et al., 1983) that S, rostrata fixed at least
267 kg/ha N. They estimated that yield increase of rice was
equivalent to that obtainable from a surface aplication of 130

kgs/ha N as ammonium sulfate (assuming 57% efficiency). Of the N
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fixed, about 1/3 was transferred to the following rice crop and
2/3 remained in the soil. The following year, rice grown in the
microplots showed yield increases S0% over the no-N controls as a
residual effect of the green manure treatment (Dreyfus et al.,
1983).

Above-around dry matter yield of the S52-day S. rostrata crop
was given as approximately 20 Mg/ha (Dreyfus et al., 1983),
representing a dry matter accumulation rate of 385 kg/has/dav. This
calculated rate is about the same as the average fresh weight
accumulation rate reported in the literature for S. biespinosa
green manure crops. Grown in a yield trial in Hawaii at a
population of 125,000 plants/ha, S. rostrata producea l2 Mgsha dry
matter 1n 14 weeks, indicating & much lower dry matter
accumulation rate of 122 kg/has/day (Evans & Rotar, in
preparation). In that experiment, S. rostrata was apparentlyv not
effectively nodulated on its roots, and it had no stem nodules; it
contained only 79 kg/ha N in its above-ground yield, and it had
the lowest leaf/stem proportion of both dry matter and nitrogen of
3% Sesbania accessions grown. Dezpite these characterictics, its
dry matter yields were within the range of the higher-yielding

varieties, 8-17 Mg/ha,
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12. WEED STATUS AND CONTROL.

Occurrence of Sesbania specigs as weeds.

Sesbania species, ecpecially annuals, have the potential to
become weeds in field crops. Thev may compete with crops for
light, nutrients, and moisture and thus reduce vields; heavy weec
growth may interfere with crop harvest by hampering machinery; and
sesbania seeds may contaminate harvested grain, reducing its

value. Most of Seshania’s reputation as a weed is derived from

experience with S. exaltata in North Fmerica, but a few other

species have been noted elsewhere in the world. £S. punicea has
recently been declated an exotic weed in S. Africa (Anon., 1980:.
Hative to the 0Old World, this woody shrub was an ornamental plant
which escaped from gardens (Tavlor, 1974) and quickly became
naturalized to the extent that it began replacing indigencus
vegetation (Stirton, 1978). wlthough of widespread occurrence, it
was not ranked among the top O most important and aggrescsive woody
plant invaders (Wells et al., 1980), but Erb (1279) cautioned that
the plant had "by no means reached its natural limits." In
Nigeria, S, bizpinosa has been noted as & weed of experimental
plots (Yayouck, 197¢). 1In Australia, £. cannabing infests crops of
cotton (Kolemyiec et al., 19791 and sorghum: & poniilation of &€
plants/m2 recuced sorghum Qrain vield by 19% (Rawson & Bath,
1281). S. exasperata rercists in lands converted to rice
cultivation in Surinam (De Wit, 1960), while in neighboring Guvana
the similar species S, sericea occurs in dry-sown rice fields, but

o0
P

does not occur in fields sown and maintained in flooded condition
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(Kennard, 1973). In India’s Punjab, S. bispinosa was among maize
field weeds whose occurrence, populations, and growth
periodicities were studied by Bir & Sidhu (1975). ~Another study
from Madhya Pradesh, India, tested herbicides fto control this
species in soybeans {(Shrivastava et al., 1375),. Considering how
widely S. bispinosa is grown as a green manure crop in India, it
iz remarkable that we have not discovered more references to its
weed status there. [t is possible that its presence i3 welcome in
intensively managed fields for the nitrogen which it will fix., In
Africa, S. pachvcarpa volunteers in sorghum fields where its
growth is sometimes encouraged (Gillett, 13971).

Sesbania exaltata (=S. macrocarpa) is a widespread weed of
2rops in the southern United States. [t is a3 major problem in
soybean growing areas, capable of causing ¢0-80% vield reductions
rLunstord et al., 19875). It is also a serious weed pest in
cotton, sweet potatoes, and rice; its occurrence was noted in 33%
of rice fields in Arkansas (Baldwin et al., 1977), It does rnot
appear to be a problem in maize in the U.S., perhaps because of
the highly effective pre-emergence herbicides (such as atraczine)
used with maize (Crawford & Rogers, 1972), and the inclusion of
3UCh maize crops in rotations is considered an efrective method of
reducing the magnitude of infestation of cotton crops (Dale and

Chandler, 1379).

Growth studies with Sesbania species.

Studies on the germination and growth of sesbanias have been

done in the context of effecting their control. Variations in



germination with diffrering soil temperatures, moisture levels, and
deptihe of seed below the soil surface have been studied in S.

exaltata (Smith & Fox, 1973; Eastin, 1981; Jolley & Murrauv, 1973;

Walker et al., 1272) S. sesban (Rijn & Verhagen, 1980), and in &.

(O]

. bispinocca at

sesban., 5. arandiflera, £. microcarpa, and

differing moisture stress levels after varying storage periods
(Pathak et al., 1976). S, exaltata has been included in a S0-vear
studv of ceed longevity initiated in 1972 (Egley & Chandier,
157&8). Egley & Williams (1979) found that cultivation to & deoth

of 15 com reduced grass weed populations but had no effect on

emzygence of S, exaltata. Seed germination at warying csmotic

o

pertentials has been studied, and compared to sovteans, S, exgltats

az more tolerant to induced moisture stress. Soybean germination

£

was reduced at -2 bars, but an osmotic potential of -4 bars or
more was required to reduce seshbania germination LJ;hnson et al.,
37y Midliams, 12€0). Bailev et al, (19&0) studied exaltata s
phenological development, and Pattercson et al. (1378) measured
orouith parameters at varying light intensities,

&. bispinosa seed imbibirtion after soaking 24 hours was low
compared to seedes of 40 other plants of India‘s arid Raiasthan
ar=a (Bancal et al., 1920). Sharma et al. (1978) reported
difrerential cseed coat dormancv i1n this species,lwhich emerges
with the monsoon rains in July and nwugqust, beaqins seeding in
September, and continues setting seed until about February. Seeds
set in the first flush of seeding had 100% germination without

ot

scarification, but seeds set in later, drier periods (October,



November) would not imbibe without scarification. The earlier
collection subsequently underwent a change in seed coat
permeability, becoming less permeable. Seed weight decreased with
later settings. Different collections required soaking in
concentrated sulfuric acid for periods of 15-43 minutes to obtain
100% germination, with these soaking times increasing for s=eds
set later in the growth period.

Protein synthesis is one element of plant physiology affected
by herbicides. Dubey (1379) tested 10 herbicides and found that
some increased, some decreased, and sone did not arffect protein
synthesis in S. bispinosa. Mann et al. have published a number of
articles on their work with S. exaltata (1965 a&b, 1967 aéb,
195%8), and Baxter (1976) has revieswed research on protain
synthesis as affected by herbicides in Sesbanis, sovbean, and
barlev.

The extaent of competition of S, 2xzltata with soybean crop:z
wgs studied experimentally by McWhorter & Anderson (1373). Sovbean
yields were not reduced by S. exalrata populations between 1500
and SS00 plants-ha throughout the growing season, but between
populations of 3100 and 129,000 plants/ha, vields weres reducsed
10-30%. If relatively high populations of sesbania (68,000
plants/ha) were controlled within 4 weeks of soybean emergence,
then yields were not seriously arfected, but if competition
continued for 6, 8 or 10 weeks, yields rfell by 13, 27, and 43%,
respectively., The period from the 6th to 1l0th week after soybean

emer gence was regarded as the most critical period for control of
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S. exaltata. MWalker et al. (1979) have alsc studied competition
effects of S. exaltata allowed to compete with sovbeans for the
full growth seassn, and found that yield reductions were less when
soybeans were grown in 61 em rows than in 91 cm rows, even when
mere sezbania plants were present.

Control of S. exaltata with herbicidess.

Because of the importarce of soybeancs as & crop in =whe U.S.,
5 zizeable number of recearch reports have been published on
herbicides for control of S. exaltats. Control is complicated by
the fact that both are broad-leafed lequmes, and soybean may also
be zencitive t> the same herbicides. WVariaticne in application
rates are necessitated by differing soil ftypes in the case of
pfe-emergence herbicides and in the case of post—emergence sprays,
the relative susceptibility to damage of the sovbean crop at
different sovbean Qrowth stages. The growth ztage of sesbania is
also a determinant of effectivity of control, being generally less
sencitive to herbicides ae arowth progresses.

The herbicide acifluorfen applied as a post—emergence sprav

w

-
f

@

1s effective in controlling §. exaltats (Laurence et al., 1
atb: Barrentine, 1978; Rogere & Crawford, 1980). Good control
with acifluorfen is obtained with applications of 280 g ha (0.25
lb/acre), which is often applied in tank mixtures with 840 a/hs
(0.75 lb/acre) bentazon for control of major broadleaf weeds
(Helpert & Viar, 1983). An application rate of 140 g/h applied

before bloom stage of sesbania was effective (Mathis, 1280), as

was 150 g/ha applied between the 1l- and 7-trifoliate leaf staqe of



soybeans (Rogers & Crawford, 13980). Porter & Retzinger (1383)
tried lower rates of 28 or 56 g/ha at different spray volumes (47,
187, or 374 1l/ha) and surfactant concentrations, and obtained an
average of 93% control of S. exaltata at either rate and all
volumes when the highest conctentration (1%) of surfactant was
uced. Soybeans in the 3- and o—-trifoliate leaf stage sprayed with
acifluorfen at rates of 140-1120 g/ha were injured but recovered
in 14 days (Mathis, 1980). Yih (1979) found it effective at rates
of 110-560 g/ha at al soybean growth stages, and stated that
groundnut and some beans also tolerated postemergence treatment
with acifluorfen, Lee and Oliver (1379; QOliver & Lee, 1373) found
that better S, exaltata control was obtained by spraving
acifluorfen at dusk or evening than at dawn“or at noon, especially
when low application rates were used.

Mefluidide (formerly MBR 12 225) is a postemergence herbicide
for control of johnsongrass and volunteer maize and sorghum, and
is also used in tank mixes with other herbicides, notably
bentazone, to control 3. exaltata (Nester et al., 1978; Murray et
al.. 1978b; Harger et al., 1979). Viar and Atwell (1330) showed
that neither mefluidide at 280 g9-/ha nor bentazone at 340 3/ha
could control sesbania >10 cm high, but the two combined (even at
lower rates) provided excellent control of sesbania plants up to
20 cm high. Rogers & Crawford (1376) showed that surfactants
increased control levels obtained with bentazone at rartes from
340-16380 g/ha, and temporary injury to the soybean crop increased

proportionately to the extent of control., Mefluidide has been
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useed to control §; exaltata sprays with either nonoxynol, dinoseb,
or naptalam + dinoseb in directed sprays (McWhorter & Barrentine,
1979); with acifluorfen (each at 300 g/ha) for sesbania 10-40 cm
high (Lawrence et al., 1978b); and with chloroxuron (Hargroder et
al., 1977; Qatec, 1970). Both bentazon and chloroxuron (at 1120
g/ha) were effective against S. exaltata in sovbeans as overall
spbrays (Murrav et al., 1978), Mefluidide by itself acts to kill
the apical meristem and axillary buds, but may not kill entire

plants unless combined with other herbicides with resulting

additive or svnergistic effects; applied at flowering and pod

L

-
ety

setting, it supprecssec seed formation 1n S, exaltats (Gatee, 1
19Té).,

~ pre-emergence herbicide for control of £. exaltatsy ic
metribuzin, & substance which is more actively trancslecated and
lzse zctively metabclically degraded in secshania than in sovbtean
{Rargroder & Rogers, 1974)., Metribuzin has shown good control
applied pre-emargerice at 420 g/ha (English & Oliwver, 1980) or at
300 g 'ha (Murray et al., 1978). It may alsc be applis=sd

sostemerqence sz 3 directed sprav (Glover et zl, 19735, EBarrentine

N

(1273, and Barrentine er al.., 1972) rested different application
timings and incorporation methods for metribuzin 4+ triflursline
Metribuzin has also been used in combination with alachklor
(Scudder, 1977), oryzalin (Watson et al., 1974) and linuron
(Eastin, 1973; Lawrence et al, 1978a).

Other herbicides used against §. exaltata in sovbean crops

are 2,4-D applied with absorbent bar (Crawford, 1371) or directed



spray (Harger et al., 1979), and glyphosate applied (at 16380 g/ha)
using a recirculating sprayer method in which herbicide is applied
only to weeds (Mclhorter, 1977). A similar method may be used to
apply acifluorfen (Barrantine & Reames, 1980. Glyphosate applied
to coil has been shown to reduces plantlet grnetly during
post—germination stages, but to a lesser deqree in S, exaltats
than in other species tested (Hoagland, 1377). Pre—-emergence
herbicides tested to control S. bispinosa among soybeans in India
were chloramben, alachlor, nitrofen, and chloroxuron (Shrivastava
et al., 197%5).

Phenisopham has been used as a postemergence spray in cottoan
to control S. exaltata; it is effective on seedlings of the
cotyledon and 2-pinnate-~leaf stages, but not at the &-leaf stage
or above (Kolomyjec et al., 1273: Roca et al.., 1379,

In rice crops, R-40 244 herbicide applied postemsrgence at
S6U g/ha controlled S. exaltata in drill-sown rice (Baker, 1373),
Postemergence sprays of oxadiazon and mixtures of propanil +
orvzalin, or + nitralin, or + butachlor, or + oxadiazon 3ave
30-100% control of weeds including 3. exaltata in rice with only
s5light damage to the rice. Tank mixtures of propanil +
benrthiocarb were also effective, and molinate was substituted for
propanil with benthiocarb, butachlor, and ozadiazon (Smith & Fox,

19713 Smith, 1972, 1973).
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3. INSECT PESTS AND PLANT DISEASES AFFECTING SESBANIA SPECIES.

Tables 1 and 2 summarize reports of insects and plant
diseases associated with Sesbania species. In general, interect
in pests of sesbanias in India arises from a desire to protect the
crop, while interest in the émericas is biased in favor of the
predator. Thus, for example, work such as that of Erb (1379) in
Argentina and of Berg (1981) is motivated by intsrests in
identifying suitable biclogical controles for &. punices.

Pests whiéh may affect sesbanias and limit productivity as
crope are leaf webbers and other leaf feedere, and stem boring
pests., Because of the rapid growth of many sesbanias, annual
epecies in particular, a crop mav offer large amounts of succulent
stems for infestation during its exponential growth phase. In .
Sechania species accecsion observation trials in Hawaii, we have
abeserved some mincor incidence of <€’.em pests, and alsc of leaf
webbers., Leaf chewing pests have not been common im Hawaii orn
mest species, althoush some of thg reports from India indicate
severe defoliation az a result of pest population increacsee which
may De localized spacially and temporally. One species which
suetained leaf damage from chewing pests 1n Hawali was the
perennial S. formesa, the only ane of ceveral nerenniale tested
which did net prove toxic when leaves were fed to chicke (see
section on toxicities).

Another category of pest noted in Hawaii are seed pests.

Surprisingly, rather few references to such pests are found from

India, where large amounts of seed are produced for green manure

179



crops requiring high sowing rates. One repor: (Sharma et al.,
1978) stated that in Rajasthan, India, naturally occurring S.
bispinosa germinated with the onset of monscon rains in July,
began flowering in September, and continued flowering and setting
seed through the following February, but in December, a pod pest
(unidentified) infested the plants and seed set thereafter was
damaged.,

In Hawaii, introduction plantings have been infested with a
seed chalcid, and infestation has varied in severity among
species. The adult oviposits on developing pods, the larvae
develop within the developing seeds, consuming the interior
portion, and exit as adults after making a hole about 1 mm in
diameter in the seed coat. Some species such as S. magrantha, S.

oan was

speciosa, and S. tetrap.era were not infested, S. se

]

moderatelv infested, but S. grandiflora and most members of the
bispinocsa—-cannabina-sericea species group were infested to the
extent that only S-10% of the seed collected was entire. The sced
chalciag pest was identified by Dr. Carl Yoshimoto at the Canaca
Department of Agriculture, Ottawa, as Bruchophaqus mellipes Gahan,
and had not previously been known in Hawaii (Beardsley, 1283,
Gahan (1920) described the pest as a new species, which had been
received from Coimbatore in southern India and had been previously
identified as Eurvtoma indi (Girault) Ramakrishna Ayyar. ~1l though
related to B. roddi, the alfalfa seed chalcid, B, mellipes did not
seem to infest alfalfa plants growing nearby at the site of our

sesbania plantings. Searches of Commonwealth Agricultural Bureaux
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(CAB) and U.S. National Agricultural Library bibliographic
databases did not reveal any literature relating to B. mellipes.
It is possible that in India, parasites and predators keep
infestation by these chalcids at low levele; in Hawaii, the pecsts
may be of recent introduction and thus populations developed

unchecked by biological controle,

Sclerotium rolfecii has caused wilt in several accezsions of

on

esbsn during unususlly dry weather in Hawaii. This occurred

in a fodder cutting experiment where the trees, planted 25 cm

apart in rows 1 m apart, were cut back to & height of 30 cm every
7=Z weske., CJumulative incidence of wilrt cver & verv Sroughty
g=mmon=tn oeriod in monthe 10-12 of the experiment varied from S-50%
of the plante in individual plots of 4 S-m rows, and wilt was
cbeerved to occur especiallv after cuttings. Each harvest remowved
almost 3ll of the foliage, which undoubtably increased zoil
temperature and encouraged colonization by the fungus at a time
whern the plants were weakened. In such fodder production schemes
during 4gry pericds partial selective cutting to maintain shade for
urface and reduce shock to individual plants may be &

the

o1l

way to avelid susceptibility to such vilts.

Thers 15 wery little information on chemical control of
insecrt pests 1n sesbania crops. In Hawaii we have used carbaryl
and acephate (Qrthene TM) to control aphids and leaf webbers.
Acephate was thought preferable because of its moderate residual

systemic activity, but the extent to which it reduced ceed chalcid

activity in uncertain., Recommendations originating from outside
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the U.S.A. of substances for pest control in sesbanias of ten
specify materials such as DDT and BHC, which are no longer
permitted in the U.S.A. and should not be considered for use
elsewhere.

Only limited work on biological control of pests of Segbania
species has come to our attention. Sithanantham (1370), observed

Asperqgillus tamarii as a pathogen on the Sesbania stem borer.

Cherian and Brahmachari (1941) reported on insects which were

predatory on caterpillars infesting S. bispincsa.

Nematodes,
With the exception of 2 articles, 3ll other refzarencas to

plant—parasitic nematode infestation of Sesbania which we have

found concern the North Pmerican species. S. exaltata. I[n India,

Jain 11%31) found that S. microcarpa was susceptible to i1nvasion

by Meloidogyne incognita. Germani et al. (1283) in Senegal

studied the effect of a preceeding £, rostrata crop on reducing

subsequent infection of rice bv Hirschmaniella orvzas, and

suggecsted that the l=gume may have acted a3 a trap crop.

}

-
ol

In the Unit=d Srtates, exaltata grows very rapidly during

hot summer weather, and one report (USDA, 1335) stated that good
stands often rasult despite nematode infestation, althoush

following crops may be severely attacked by nemz2todes harbored in
the sesbania crop roots. 3Soffes (1981l) found, in contrast, that
S. exaltats was extremely sensitive to infestation with root—knot

nematode (M. incegnita), such that soil fumigation fto control the
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pest increased plant dry matter vield by > 10 times, and N yield
by »20 times the yield of plants in unfumigated plots. Lablab
purpureus and Vigna radiata were also hosts with reduced vields

which increased soil root-knot mematode populations, whereas

Indiaofers hirsuta, Cajanue caian, and Crotalaria scectabilis

vielde were rniot saverely reduced bv nematodes. Rhodes (19G4);

showed that nematode populations were supported bv secsbania or

w

weedv tallow and suppressed by C. spectabilis, and vields of znap
beans and cabbage were higher following the latter. Even when

soil fumigation followed the legume crop, Rhoades (1368) osbserved

that stubbv-root nematode (Trichodorus spp.) populaticons returned

ater numbers adfter sesbania than after crotalaria. In

ih

in gr
further studies., Rhoades {(1376) “ound that sesbania and sorghum
maintsined sting (Belonolaimus loengicaudatus) and root-knat

nematode populations, but 1. hirsuts decreased them, and snac

beanz following thece crope yielded $.6, 3.9 and 5.2 Ma ha paods,
respectively. In this study., vields after I, hirsuts were the
same as those arter sesbania followed by soil fumigaticon with [0=D
at =0 lsha., Querman (1969) also had identified sorgrum and Z.
exaltata as hosts of the sting nematode, asc evidenced by higher
levels of infectation in a feollowing chrvcanthemum crop and lower

cut—-flower yields compared to the crop following 1. hirsuta. Epps

& Chambers (1958) found the soybean cyet nematode (Heteroders

glycines) on S. exaltata, but believed that sesbania may not be a

preferred host of this pest.
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Table 1.

Insect pests of Sesbania species

Sesbania
Species
Pest Location Affected Comment s Reference
Eudiagogus spp New World 8p. adults defoliate Warner, 1979
E. rosenchoeldi Fhs, Mississippi exaltata larvae attack roots Warner, 1979
and nodules
E. pogo Georgia, USA exaltata adults defoliate Warner, 1979
E. maryae Florida, USA exaltata adults defoliate Warner, 1979

Rhyssomatus marginatus

Apion decipiens

Diplogrammus
quadrivittatus

Dasychira mendcsa Hb.

Indarbela quadrinotata
ulk.

Bruchidius spp.

Euprocitis scintillans

Azygophleps scalaris
Fabr.

Argentina

Argentina

Argentina

Tamil Nadu, India

Haryana, India

NW India

Tamil Nadu, India

U.P., India

punicea, virgata

punicea, virgata

punicea, ‘virgata

speciosa

caunabina

spp.

cannabina

bispinosa, sericea,
sesban, grandiflora

beetles feed on
fruits

seed feeder

stem borer

alternate host

orchard pest,
alternate host

larvae develop in
seeds

pulse crop pest, alt.
host

stem borer

Erb, 1979

Erb, 1979

Erb, 1979

Rao & Bucker, 1974

Verma et al., 1974

Vats, 1977

Rao et al., 1974

Srivastava & Gupta, 1967
Agarwal & Agarwai, 1960
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Azygophleps scalaris
Fabr.

Dacus cucurbitae

Dacus dorsalis

Maruca testulalis
Lampides boeticus

Striglina scitaria Wlk

Selenis monotropa

Alfalfa caterpillar
various insects

thrips

Thyposidra successaria
Amsacta moorei Butl.
Tenebrio molitor Linne

Agrolis ypsilon
Rottemberg

Empoasca sp.

Tami! M¥5du, India

Hawaii

Hawaii

Hawaii
Hawaii

Tamil Nadu, India

Florida, USA

California, USA
Ghana
Mexico
India
India
China

China

Tamil Nadu, India

bispinosa, sericea,
sesban, grandiflora

grandiflora

grandiflora

grandiflora
grandiflora

bispinosa

exaltata

exaltata
grandiflora
sp.
bispinosa
bispinosa
Sp.«

sp.

speciosa

stem borer
larvae develop 1n
flowers

larvae develop in
flowers

bean pest, alt, host
bean pest, alt. host

larvae web & feed on
leaves

soybean pest, moth
attacks stems

alt. host

caterpillars

caterpillars

Venugopal & Rao, 1961

Nakagawa & Yamada, 1965

Nakagawa & Yamada, 1965

Nakagawa & Yamada, 1965
Nakagawa & Yamada, 1965

Venugopal 1959b, 1960

Genung & Green, 1965

Anon., 1957

Kudler, 1970
Guevara-Caideron, 1958
Chandra & Farooqi, 1979
Chandra & Farooqi, 1979
Anon., 1979

Anon., 1979

Abraham, 1958
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Cyclopelta siccifolia
Westwood

Hyposidra sucessaria
Ralker

Semiothisa pervolgata Wlk.
= Macaria p.

Pericyma glaucinans
Piezodorus rubrofasciatus
Semiothisa pervolgata Wlk.

Gammodes stolida Fabr.

Radopholus similis

Argyroplioce rhynchias

Laspeyresia phaulomorpha

Culex spp.

Aphes laburni
Mashonania pubescens
Cotton thrips

Trialeurodes sesbaniae

Tamil Nadu,

S. India

India

India
Malaysia
India

Tamil Nadu,

C. Am.

Tanganyika

Tanganyika

India

Sumatra

Senegal

Sudan

Australia

India

India

speciosa

speciosa

bispinosa

bispinosa
bispinosa
bispinosa

bispinosa,
grandiflora

sp.

sesban

sesban

grandiflora

grandiflora

gsesban

S. sp.

tripetii

geometrid looper on
leaves, flowers

geometrid looper
on leaves

noctuid larvae

geometrid leaf pest

lepidoptera, stem
pest

host

caterpillars attack
branch axes

caterpillars attack
branch axes

mosquitoes found in
large numbers in
fields

aphid

cotton pest, alt. host

David & Vznugopal, 1961

Venugopal, 1958

Cherian & Pillai, 1938

Venugopal, 1959a
Miller, 1931

Venugopal, 1957

Cherian & Sundar.n, 1942

Edwards & Wehunt, 1971

Ritchie, 1935

Ritchie, 1935

Reuben, 1971

Meer-Mohr, 1935

Bryant, 1941

Cameron, 1930

Corbett, 1936
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Alcidodes bubo Fabr.
Arachnecthra asiatica
(Sunbird)

Molpastes intermedium
(red-vented bulbul)

Spodoptera littoralis
Bois.

Eurhynchothrips ordinarius

Duomitus strix

Stegana lateralis V.D.

Wulp

Otinotus oncralus Wlk,

Prodenia litura F.

S. India

India

India

UAR

India
Indonesia

Tamil Nadu, India

India

grandiflora

grandiflora

grandiflora

sesban

grandiflora

Bpl

grandiflora

grandiflora

weevil, leaves and
stems

birds peck flowers for

nectar

birds peck flowers for

nectar

cotton leaf worm alt.
host

in flowers
wood borer

larvae damage tender
st ems

tree hopper

tobacco caterpillar,
eats leaves

Subramaniam et al., 1953
Tiwari, 1926

Tiwari, 1926

Salama et al., 1971

Ayyar, 1928
Kalshoven, 1934

CSIR, 1972

CSIR, 1972

CSIR, 1972
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Table 2.

Plant diseases affecting Sesbania species

Sesbania
Species
Pest Location Affected Comment s Reference
Protomycopsis India grandiflora fungus causing purple Haware & Pavgi, 1969, 1971,
thirumalacharii leaf spot 1972, 1976a, b, c; Pavgi,
1965; Pavgi & Haware, 1970
Sesbania mosaic virus India grandiflora Sreenivasulu & Nayudu, 1972
Photomycopsis ajmeriensis India bispinosa fungus causing galls Rao, 1972
Pseudo-cercospora India grandiflora grey leaf spot Kumar & Joshi, 1983
sesbaniae
Cercospora sesbaniae India bispinosa, sesban CSIR, 1972
Macrophomina phaseoli Texas, USA exaltata charcoal rot at stem Young, 1949
(= Sclerotium bataticola) base
Colletotrichum capsici India grandiflora, collar seedling blight Srinivasan, 1952
speciosa
Xanthomonas sesbaniae India sesban spots on leaves, leaf Patel el al., 1952
rachis, young stems,
leaf edges
Fusarium oxysporum f. India s3esban root rot and wilt Singh, 1956
sesbaniae
Collelotrichum coffeanum Ethiopia sesban coffee berry disease, Gassert, 1978
isolated from bark
Sclerotium bataticola Uganda sp. charcoal rot on sweet Small, 1926

potato in USA; a hot-
weather wilt



Soybean mosaic virus
Cherry chlorotic ringspot
virus isolated from

almond trees

Prunus cerasus virr'.s

isolates

groundnut chlorotic spot
virus

Cladosporium

Uredo sesbaniae
Daedalea sp.
Diolodia macrostama
Erysiphe polygoni
Rhizoctonia
Corticium solani
Septobasidium sp

Dendryphiella
interseminata

Paecilomyces sp.

Corticum rolfsii =
Sclerotium rolfsii

Yugoslavia

USa

India

India
India
India
India
India
China
Malaysia
Malaysia

Malaysia

Malaysia

Malaysia

exaltata

exaltata

exaltata

sp.

cannabina
sesban
sesban
sesban
sesban
cannabina
aculeata
aculeata

specoisa

specoisa

sp.

alt. host
as test plant,

reactions seen

as test plant,
reactions seen

infectec systemically

fungi

leaf blight
on stems

branch dieback

branch dieback

wilt

Galvez, 1974

Plese, 1972

Fulton, 1957

Haragopal & Nayudu, 1971

CSIR, 1972
CSIR, 1972
CSIR, 1972
CSIR, 1972
CSIR, 1972
Anon, 1979
Turner, 1971
Turner, 1971

Singh, 1980

Singh, 1980

Turner, 1971
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14. EDAPHIC TOLERANCES QOF SESEBANIA SPECIES.

The abilities of Sesbania cspecies to grow in various <cil
conditions results in an expanded range of adaptabilityv and
utility compared toc many other tupes of legumes. In the chapter
on soi1l reclamation using sesbanlias, their tolerances of soil
salinity and alkalinity were discusced. Here, the tolerances of
sull ascidity and of so0il waterlogging and flooding will be
reviewed,

Edaphic tolerancee have besn investiqated to some extent, but
relativelyv less 12 known about climatic tolerances of these
plante, There are no reports of frast tolerance, and the extent
of their abilitiee to grow under cool temperature is uncertain.

Be

(U

t growth 1s of ten obtained in summer months, and the rapid
growth of annuals such as S. exasltats and S. bispinosa during
evtremely not summer weather has been obeserved. Little is knouwn
about drouaht tolerance. [t appears that abundant water ics
favorable to earlv growth, but there is evidence that many species
can continue to arow well under subsequent, 1ncreasingly dru
conditicns,

Tolerance to acid =o0il conditiane,

Feports onm the tolerance of Zesbania species to acid soil
conditions are few and for the most part insubstantial. In India,
S. bispinoss 1s widely known for its tolerance of soil alkalinirty,
but it is also caid to be tolerant of soil acidity, a reputation
which may be due to repetition of an early report that the crop

w&s grown as & Qreen manure on acidic tea-growing soils in Assam
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(e.3. Mirchandani & Kahn, 1952; Patel, 1366). Reports from Viet
Nam that S. sesban is grown successfullvy on acid sulfate scils
have not been verified by scientific literature available to us=,
Those soils have pH around 6.5 when flooded, decreasing to about
pH 4 when dry. Tran Fhouc Duong of Cantho Agricultural College,
Viet Nam, illustrated a lecture given at the University of Hawaii
in 1983 with a photograph of a Sesbania species growing in soil
cruysted w@th aluminum salts, and stated that sesbania was
generally sown at the end of the monsoon s=2ason.

3. sesban (as S. aequptiaca) was included among 33 legqumes
tested for N production in pot experiments with a "red" soil in
Hawaii (Thompson, 1917); éoil pH was not given, but the szoil,
probably an Oxisol, was stated to be “apparently acid...low in
phosphatz and lime and of poor texture." Sesban and the veluer

=

(]

bean (Mucunz sp) were distinguished as potentially ussful gr
manure crops on such soil, especially if lime could ke applied.
Nair et al. (1257) reported experiments with 3, szpsciass
grown on laterite soils (pH S.4) near Coimbatore, India, tc
detzrmine growth response to lime (1630 kgsha), P 134 k3-ha
superphosphare) and rfarmyard manure (5600 kg /ha). Maximum vield

of 40.3 Mg/ha fresh materi1al for the 8U-day crop waz obtained with

w

all three amendments, but the vield of the control was 21.4 Mg ha.

Lime seemed to be the most valuable input for incrsasing crop

growth and nodulation, although a small initial increase in soil
reaction due to lime was not significant after growing the crap.

Adding lime increased N yield by 28 kg from 87 kg /ha; adding all
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three amendments produced 136 kg~ha N.

Acid soils are frequently low in available P, and this mav be
as important a factor limiting lequme growth &¢ low levels of
calcium, hydrogen ion concentration, or toxic levels of soil
ainerals such as Al and Mn. Experimental work in India i1ndicates

that the commcn green manure cesbania, S. bispinoss or 5.

cannabina, locally known as dhaincha, is quite efficient in P
uptake. In pot experiments, Khare et al. (1973) found dhaincha

and Glveine max to be more efficient than Crotalarias juncea, Viana

aureus, or V. unguiculata in utilizing soil P, and dhaincha was
also superior in taking up P from added fertilizer, Subbish &

Manikar (1964) found that dhaincha was maore efficient than C.

juncea or Cuamopeils tetragonolobs in extracting P added to the
“gubsoil" (below 20 em) laver of pots 30 cm deep. Singh et al.

) grew legumee for SO dave in pots containing 12.8 kg scil,

(=
LA\
N |
o

) )

Wwith and withour superphosphate at 55 kg ha P205. FAll species

[k

tested showed vield increacses in response to added P but while
cechbanlas showed much less :ngrease In total drv matter [ aversage
it

3% incresze dJue to added Fr tran C. junces 933501, Y, ypauglculszts

(135%), or C. tetragonoloba (a40%), sesbania vields were

considerably higher: 2 of 3 sesbania entries had higher vieldes and
total plant N without added P than the cother lequmes had with F,
Singh (1972) obtained a small (<30%) vield increace to tre firzt
increment of added phosphate (33 kg/ha) in dhaincha qQrown in field
experimentz, but increasecs to higher rates were negligible,

Ano ther demonstration of efficiency of P uprtake by &.
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bispinosa was provided by Mahajan and Khanna (1968), who grew the
crop for 85 days with varying P fertilization. Their data, shown
in Table 1, indicates that increasing P levels did not increase
yields bevond the first increment of P applied, but % P in plant
tissue increased with increasing P (R=0.97) as did total P
recovered in the crop. In comparison, percent recovery of applied

P by a cowpea crop averaged 14%.

In Hawaii, legumes including S. grandiflora and S. cannabins

were grown across a pH gradient established by liming a
manganiferous Oxisol (Yost et al., 198l, 19853, The varieiy of
cannabina used (USDA Pl 180050) appeared quite sensitive to low pH
and the associated high levels of available soil Mn, as may be
seen in Table 2. This varietv has been found to be dissimilar

from other species accessions received as 3. canpabina (or the

similar 5. bispinosa) which were subsequently sbserved in other

riments in Hawaii (Evans, personal observation), and thus

2xp

14

these reszults mav not be applicable te all S. cannabina marterials.

1 ¢}

Althougn amounts of nitrogen accumulated 1n 3. arandiflors wer

low compared to the fast-growins annual crops, 1t showed &
tolsrance to low pH comparable to that dizplaved by Crotalaris

junces.
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Table 1. Yield and P recovery by a phosphate-~fertilized S, bispingsa crop
(data of Mahajan & Khanna, 1968).

Dry Matter kg P20S %
F20% &dded Yield %P Recovered Recoveru
0 S.50 0.24S5 13.5 -
45 6.30 0.547 34.9 47
20 6.29 0.75¢ 47.2 37
13€ 6.07 1.311 79.¢ 49

Table &. Nitrogen content (kgs/ha) of legumes grown 10 weeks in relaticon
te soil pH as modified by lime application on a manganifsrous
Oxisol (Trom vost et al., 1985). Values in parentnesi:z ars
percentages ¢f N content at pH &.9.
' csoil pH
Spesoies 4.7 5.3 5.8 .S v,
sJesbania cannabina 1.6 (3) 7.5 (14 22.9 (441 292.8 (57 Sl.e (100
.ezbania grandiflora 3.7 (20) 7.0 (49 10.8 (7} 12.3 (54) 14,2 (100
Crotalaria juncea 21.0 (20) 44,0 (42) 72.0 (e8) 26.0 (90) 1l0e.0 ¢100)
‘ez maize 22.2 (70) 26.2 (&4, Se.6 82) 26.3 (82 31.3 ¢100)
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Tolerance to soil waterlodqing and flooding.

The extensive use of 3Sesbania species in Asian cropping
patterns based on lowland rice has been described elsewhere in
this report, including their cultivation as intercrops
simul taneocusly with flooded rice crops in China. Also noted have

been the uses of sesbanias in paddy margins to product bunds from

T
)

wave erosion, and as living screens across shallow waterwavs
prevent incursions by floating aquatic weeds. Green manure
species selection trials have singled out Sesbania species for
their abilities to withstand flooding, as reported by Allen (1336)
for Malaysia, the International Rice Research Institute in the
Philippines (IRRI 1964), and India’s Central Rice Research

Institute (CRRI, 1962, 1963, 1964). Jen et al. (1969) in China

"

nortsd that sesbania csurvived flooding for 3 zeriod of 13-20 dJdav

at warter levels from S-30 cm deep. In N, Fm2rica, 3. 2xaltats”

10
w

ability to grow as a green manure crop while flooding eliminared

many weed species has been noted (Fiesters, 1327), and sesbanias of

tre subgenera Glottidium and Daubentonia (5. vesicaria and 3.
drummordii, respectively) are included among wetland plants of the
southwestern USa (Correll & Correll, 127S3. The natural habitar
preference of many sesbanias is for stream banks, flood plains,
swamps, lake margins, and other low-lving, moist or seasonally
moist soil environments (Gillett, 1963).

The tolerance of sesbanias to flocding is generaliy

recognized as developing after the seedling stage. While green

manure crops of 5, bispinosa may be sown in a few centimeters of
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standing water to aid germination (Abrol & Bhumbla, 1971), the
seedlings appear to need several weeks of non-flooded conditions
before they can readily withstand flooding; this has apparentlv
not been studied in detail, although farmers ucsing the cropes mav
be acquainted with the limite of the tolerance for the species

=N

thev use. In North America, the weed §. exaltata was shown to

emerge and gqrow well when seeded 1.2, 2.5, and 5.1 cm deep in a
cilt loam soil held at field capacity (24% water) or saturaticn

(34%), but it did not grow when the coil was submerqged (S5Smith &

Fox, 1973).

The basis of flooding tolerance in Seckanis ic the
development of aerenchvma, a spongy tissue having enlarged cells
with large intercellular spaces. General reviews on plants
growing in watery environments, such as that of Scullthorpe

1967, include aerenchyma development as one of saveral wave in

10

which plants mav avoid anoxia in the roeot zone., In Secbanis, this

tissue arises from a phelleogen tissue located just cutside the
endadermics, The morphologqy of this development ococurring oh stems
ang i o0o0ts has been described by Scott and Wagner (1&882), Metcalfe
{1221), and d'Alemeids (1946)., The latter author pointed out the
definirte pattern of cellular development, with concentric rings of
rounded cells qirthing layers of scattered, radially =longated
cells, resulting in the intercellular spaces illustrated in Figure
1. There is no research available on the biochemical and
phvsiological nature of this response in Sesbania, sc¢ there 1s no

reason to believe that these plants tolerate the absence of
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oxygen; rather, aerenchyma development is primarily an avoidance
mechanism to partially prevent anoxia and pe2rhaps to ameliorat2
some of the consequences of this conditieon. Such consequences
were detailed in recent reviews by Cannell and Jackson (1321) and
Krizek (1382).

Swelling of the flooded baszal stem is visually evident within
12-24 hours of flooding. The epidermis splits from the so0il l=vel
to above the water level, and a white tissue mav be seen beneath
it, sparkling with tiny reflective air bubbles. The swelling stem
acquires a fissured, buttressed appearance, 3-4 or more times the
original stem diameter at soil level, narrowing to normal diameter
at the intact epidermis a few cm above water l=v2l., Subsequently,
within 1-2 weeks, submerged water roots sheathed in aerenchvma
srize from the flooded stem section, growing out throuah the
asrenchuma, and roots near the soil surface may arch above 1%,
bouyed by aerenchyma. Nodules may be seen nestlzd in the airy
tissue at the base of the stem or scattered along water roots. Ths=
brtanists describing this phenom2nz have discussed the function of
the arenchvma in providing oxygen for root respiration, but they
failed to note nodulation, or that the intercellular spaces also
serve to transport gaseous nitrogen to sites of N=fixation.

Development of aerenchyma is not unique to 32sbania within

the Leguminos ae. Neptunia contains floating plants with
aerenchyma; Metcalfe (1931) discussed both Sesbania and Neptunia.

Trials at IRRI (1963) also found Macroptilium lathvroides suitable

for waterlogged conditions. RA2schynomene contains species of
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agronomic potential which survive flooding (Kretschmer & Bullock,

1980). Mimosa piqgra and Lotus pedunculatus alsc develop

aerenchvma (Sculthorpe, 1967). Glvcine max showe aerenchyma

development, and some cultivars have been found to grow better
under high water table culture (3 or 15 cm from the soil surface)
than under freely drained coenditions (Hunter et al., 1980). WYicisa
faba also was shown to have better growth and nodule development
in saturated media than under drained conditions (Gallacher &
Sprent, 1978). Few of these genera show as dramatic a
morpholoaical response to flooding as does Secbania, although it
sticuld be noted that the extent of these developments varies among
Sesbania speciec.

Screening for flooding tolerance in legumes has been done for
temperate forage legumes flooded S-20 dave at about S0 dave after

-

planting (DwP) ‘{Heinrichs, 1970), Brolmann (1378) kept 1S58

e
28

Stvlosanthes accecszions flocodead =t the scil surface level from

LAF and recorded survival during the subsequent 4-month period.
Miller and Williams (1981) flooded 41 tropical legumes (but nc

neciec) to 7 cm abowe soil level gt about 14 DRF, and

0

ecbani g

n

some survived v monthe of thie treatment.

Research on flooding tolerance in Sesbania is rare. IRRKI

w

(1264) reported brieflv on a comparizon between Sesbanisz specie
arown under flooded and drained conditions, Agriculturists in
Guargdong, China repocrted an experiment with S. cannabina
comparing flooded and drained conditions (Anonvmous, 1375).

Seedlings established inm a soil lacking infective rhizobia were
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transplanted to inoculated, fertilized (but without N) sand
culture in pots which were then either flooded to 3 ecm or standing
water or were maintained belew field capacity; the flooded
treatment was grown with and without added M. One month after
transplanting, plants were harvested and the N in plants and media
was measured, as given in Table 1. The timing of events in the
experiment was similar to the practice of raising sesbania in
nurseries and bare-root transplanting seedlings as an intercrop in
flooded rice fields. It is possible that the develcpmant of
aerenchyma in the flooded treatment and, especiallv, the addition
of M to the N-poor sand media, cohferred advantage compared to the
non—-flooded treatment, allowing more rapid recovery from
transplant shock and thus an earlier and greater csupply of
photozvnthate to the nodules. Considering the difficulti=s in
zomparing plant growth in such different root environments,
particularly in regard to nutrient uptake, the workers at
Guangdong hesitated to conclude that increased growth was a result
of greater N-fixation and not an artifact of their procesdures. It
was clear, however, that flooding did not severelv inhibat plant
growth and N-fixation.

The extent to which tolerance orf flooding is typical of
species of Sesbania was assessed in an experiment in Hawaii (Evans
and S. Somphone, unpublished data). Twentv-two Sesbania
accessions were grown in pots for S weeks, after which they were
@i ther flooded by sealing the pots and maintaining water level 3t

S cm above soil level, or kept in saturated condition by setting
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the pots in shallow, water~filled pans. Plants were thinned at
the imposition of treatments and the remairing plante harvested 1&
davs later. The soil was a Vertic Hapl;stoll (Waialua series), &
moderately heavy clay soil dominated bvw emectite clav minerals
having shrink-swell potential; therefore, the non-flooded and
flooded treatments mav not have reprecented root and nutrient flow
relationshipes as different as was the cace with the sand used 1in
the Guangdong study (Anon., 19550,

The species grown included the perennials S. arbores (AR4),
S. grandifleras (GLS), and two varieties of S. sesban (5Bl, 35E10),

and the annuals S. emerus (KP), S. macrantha (MN1), S. exasperatsa

(Ev21, . punices /subgenus Daubentoriar ‘DFZy, . vesicaris

tsubgenus Gleottidium) (VCl), S. erubescerns (EBl), Z. pachvcarps

51

(PCl), S. exaltats (MAd), S. rostrata (RS1), 8. speciosa (SPLlY, 2.

tetraptera (TF1), S. cochinchinensic (CHl), and several accessions

e

n

[}

of the 2. cannabina-S. bispinosa tvpe (BAS, CBl, , 3C1, XE3).

~

Seven accessions were grown with 3 replicaticns, and the remaining

14 were unreplicated.

picted in Figqure 1,

T

The results of this experiment ars d
which compares plant dry weighte under the different treatments.
Entries clustered along the diagonal axis grew as well under both
treatmente, There waes a tendency, particularly for the
higher-vielding entries, to be mecderately more productive under
non-flocded conditions. Some of the lower-yielding entries were
perennials (MMNl1, AR4, SB10, GLS, sPl1, EBl), while most

higher-yielding entries were fast—growing annuals.
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Table 1. Nitrogen budget of Sesbania cannabina transplants grown
under flooded and drained conditions (from data of Anon., 1973).

Plant Plant N N
Treatment Dry Wt. N Content Added Fixedk
g/pot mg/pot mg/pot mg pot
Orained 12.1 449 0 404
Flooded 17.1 612 0 S7a
Flooded +N 32.5 1144 345 733

* N content of transplants (40 mg/pot) deductad; discrepancies
in budget are due to N remaining in media arfter harvest of
plants, and to rounding.
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(Evans and S. Somphone, unpublished data).
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abstract,

FARinual Seckbania epecies are underexploited and under-
utilized legume cources of pulp fiber, animal feed, and areen
manure. 0Of 335 accessions tested for wield, &5 high-yielding
varieties HYUs) produced 8-17 Mg ha dry matter containing 1S50-24%
kasha N when zown at 125,000 plants/ha and harvested 93 davs after
planting (DAF). Mozt HYUs were similar to 2. bDizpincsa or the
nearlv svnonymous S. cannabina, grown as Qreen manures in Asian
lowland rice systems. When harvested twice with cutz S0 cm above
ground leuvesl st 49 and 94 DAP, HYY dry matter production was
slightly depressed but N production was ernhanced compared to the
98-dav growth periad. Variatione in flowering and growth duration
in relation to season were discussed.

ciosa, Sesbania rostrats,
arpa, Sesbania macrantha, Sesbania
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Introduction

Fast-qrowing legumes are potential low-cost nitrogen sources

faor cropping systems and are also sources of biomass for feed,

fuel, or fiber. Sesbania contains both annual and perennial
species which may be appropriate for these purposes in the tropics
and subtropics. We conducted yield experiments in Hawail

mompare productivity of a number of sesbanias.

‘fields of

to

perennial species including 3. sesban and S. grandiflora harvested

regularly for fodder are the subject of another report

Rotar, 1235); this report is of yields of 3% annual Sesbani

accessions grown for approximately 3 months,

subiected to one cut during that period.

(Evans and

including a subset

Most information on yields of annual sesbanias is from gre=en

manuring studies which frequently
camprahenszive agronomic data,  Of
3ave values for either Jdry matter
non=s mentioned plant populations.,

sesbani1as is illustrated by Singh

neglected to present

those summariz=d

vield or nitrogen content,

in Table 1, few

The rapid growth of some

and Sinha (1262)

wha grew

and

sesbania as an intercrop with maize: when the legums and maize

seeds wer

[}

the maiz=2,. While osccasionally grown as
2rops, annual sesbanias are more often grown

green manures preceeding cereal crops,

mixed and sown in the same row,

valued for their tolerance of soil salinity, heavy

waterlogged or flooded soils.

especially rice,

soils, and

the legume smothered
intercrops and as border
in solid stands as

and are

Except in certain problem soils such as the saline-alkali



so0ils of India where green manures are important for reclamation
and maintenance of favorable scil conditions, the practice of
green manuring is declining because farmers prefer to grow a
harvestable crop. New management alternatives for fast—growing
legumes may help to‘overcome farmers’ reluctance to include these
crops in their systems. Multiple uses of green manure lequmes
entiance their appeal for use in cropping patterns, and the
partitioning of qreern manure crop yields for fodder, while the
remainder i< incorporated, is one example. Sesbania species may
alzo be substituted for non-legume pulp fiber crops, or the stalks
mav be burned for fuel, or their seed may be harvested for
endasperm qQum extraction, while the crop residues benefit the

cropping sequence,

Materials and methods.

The experimental site was field J-2 of the Universitv of
Hawaii Waimanalo Experiment Station on coastal windward Oahu,
Hawaii, latitude 21°20", elevation 25 m. The site ie located on a
fan of alluvium and is somewhat stony with moderate drainage. The
321l ie a Vertic Haplustoll (Waialua series), pH &.2, of low to
medium fertility. The field had been under quava with an
undzrstory of grasses and weeds and had no recent history of
fertilization at the time it was cleared for this experiment. A
basal dressing of triple superphosphate was applied at 100 kgs/ha
P. Irrigation was by overhead sprinkler.

Seeds were scarified by soaking for 15-30 minutes, depending



on the accession, in concentrated sulfuric acid and then washing
in running water for 10 minutes. & mixture of Rhizobium cultures
isolated from Sesbania species and carried on peat was applied as
inoculum to the scarified seeds coated with gum arabic solution as
a sticker., Seed was then sown at a depth of about 2.5 em in hills
20 x 40 cm apart at a rate of 3 seeds/hill and the field was then
irrigated on June 8, 1983. Seedlings were thinned to 1 plant/hill
18 days after sowing to obtain a population of 125,000 stems/ha.
Accessions grown are listed in Table 2. As indicated, there
is uncertainty about correct species identification in many cases.
Taxonomic treatments exist for Australia (Burbidge, 12&3) and for
Africa (Gillett, 13963), but regretably, not for msia. The
majority of the entries marked "?" belong to a group comprised of

3. bispinosa, 5. cannabina, and 3. serices, which are clos=ly

—
[1
[

relarad plants, somewhat similar in appearance but given speaci
status on the basis of taxonomic considerations such as flower
size, learlet vestiture, and presence of prickles on leaf rachis
and stem (Gillett, 1963). Although some accessions marked "7" may
be diztinct species other than those three (2.9, CHl, XE3, XET,
XE3, M~d4, and CBl), in the following discussion we refer to all of
rhese gquestionable entries as "the cannabina group.”

Two separate experiments were conducted. In Experiment 1, 35
accessions (Table 2) were sown in a completely randomized design
with 3 replicate plots per accession, Plots consisted of 4 rows 4

m long and 40 cm apart with the inner 2 m of the central 2 rows

serving as harvest area; net harvested plot size was thus 0.3 x 2

e



m containing 20 plants. Harvest was 98 davs after planting.
Plantes were cut at ground level. Two plants were taken from each
harvest area for moisture content and chemical analysis. Leaves
and branches less than 3 mm in diameter were separéted from the
main stems and considered as the leaf fraction. Nen—-harvested row
ends were left standing for seed increase. and wood samples for
dencitv determinations were taken from these plants about & months
after zowing. Samples, taken from the gravitational midpoint of
cstems trammed of =ide branches, weve weighed and c<caked in water
for 4 houre before measuring volume bp csubmercion, and then were
dried in & crop drving oven at S0 C for three days followed by
drvira at 102 C until conetant, bome dryv welight was achieved,

Specific gravity was expressed asz bone drv weight Iin kilograms per
cubic mater. During the period between harwvest for yield data and
campling for stem denzity there was no irrigation, most accescsions
were in reproductive phases, and substantial further biomass
production was hot apparent.

Experiment 2, in which 10 of the 35 entries from the Qrowth

trial plus one sccession of the perennial . sezban were arown,

Waz eouin zimultanecusly with Experiment 1. In addition, 2 of the
entries (M~d and CBS) were planted at double dencity (1.e. 10 cm
rather than 20 cm apart within rows). Plots consisted of 3 rows 4
m long in & randomized complete block desian; harvest area wae the
inner 2 m of all 3 rows, resulting in & net harvested plet size of
1.2 x 2 m containing 30 plants. Flants were cut &t 50 cm above

ground level 7 weeks after planting, and the regrowth was cut



again at the same height S5 weeks later. Leaf and stem fractions
were separated as in Experiment 1.

Plant samples for moisture determination were dried in a crop
drying oven at 50 C. Chemical composition of plant tissues was by
X=ray flourescence spectroscopy with an Applied Research
Laboratories spectrophotometer madel 72 000. Total M in plant

tissues was determined by a modification of the Berthelot method

described by Suehisa (1980).

Results and discussion.

Experiment 1., Relationships between dry matter vield and

nitrogen content of 35 Sesbania accessions are illustrated in
Figure 1, while yield data are given in Table 3. Although there

is no break in the continuum of drv matter vield values in Figure

il

1, values rfor N content szparat2 the sntries into 2 zubaroups
which we will designate the high-vielding varieties (H'WV2) and the
low=-vielding varieties (LYV3) in the following discussion. In
general, the HYV entries belong to the morphologicallyv similar
“cannabina group” of closely related plants, while the LYV group
are species with more prominent distinctions. The mean plant
Feight for all entries was 3.3 m.,

High yielding varieties had an N content of more than 150
kg/ha N in their tops. Two-thirds of the accessions te.cted are in
this group; their above-ground N content averaged 131 kg/ha N with

a range of 149-245 kg/ha N. Included in this group are S.

exasperata, S. emerus, S. concolor, and all accessions in the




cannabina group. Ory matter yields ranged between 8 and 17 Mgs/ha
with one—thiré of the dry matter and three—-quarters of the
nitrogen in the leafy fraction. Mean frecsh yield of the HYUV s was
42 Mg/ha, with an average fresh weight accumulation of 428

kg has/day compared to an average of 380 kg/ha/day for S. bigpincca
as reported in the literature (Table 1).

The large amounts of woody stems produced in the growth
period of this experiment would be difficult to incorporate as a
green manure crop without tractor-drawn disc plowe, although such
a green manure crop would make & contribution to soil organic
matter by providing & large quantity of slowly decomposing high
C:N ratic material. It would also provide a large input of readily
decompoceable leaf N, the value of which might be offset by
difficulties of seedhbed preparation due to the accompanving stem
material. As & pulpwood or fuelwood crop, after harvest of the

tems & subestantial amount of leaf material could be available for

[y

n

rodder, or left in the field, or carried elsewhere for green leaf
manure. The stems of the 3-month crop would also be useful as
trellising poles for climbing crops. e in situ green manure
crops for non— or lightly-mechanized farms, & shorter growth
period would probably be more appropriate for theze species.

The l1ld-week growth period of this experiment was chosen to
sample the majority of accessions at the peak of their vegetative
productivity, and not to represent ideal conditions either for a
short—term green manure crop or a longer—term pulp fiber crop.

More explicit experiments are needed to select sesbanias for



ei ther purpose.

Secbania species have seen extensive use as green manures,
but research to explore their potential as pulp fiber sources is
very limited. They are promising for this purpose, however,
gqrowing rapidly without N fertilizer, being easily stored after
harvest without deterioration, and producing woody stems wi th
reported specific gravity of 300 kg/m3 or more yielding a fiber
zimilar to that of birch (L. Markila, personal communication).
Under our conditions, stem midsection specific gravities were
somewhat less (Table 3), and there was a fair amount of pith in
the stems. Hollow and pith—-centered stems would be amenablsz to
decomposi tion in the soil, but dense, woody stems are preferable
for pulp. Research on the conditions dictating variability in

stem morphology is necessary to maximize pulp fiber yields of

U1

2sb3ania species.,

[t is also appropriate to beware of erronious conclusions
based on limited germplasm collections. & variety of
institutional sources does not ensurs genetic variabilitw, becsuse
the same materials are frequently passed around among
instituytions., #Accessions collected as green manure crops have had
difrerent selection criteria than would be appropriate for pulp
fiber crops. There are no extensive collections of Sesbania
species made from natural populations, and existing collections
have seldom adequately characterized the collection site climate

and soil type. Proper collection and subsequent screening to

select materials for different purposes and different soil-climate

-~
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environments is imperative for a rational development of
potentially valuable germplasm resources csuch as Sesbania.

Of the low-yielding varieties, the lowest yielding entries
were S. punicea and S. vesicaria. Both are temperate zone plants
belonging to the subgenera Daubentonia and Glottidium, and their
placement in Sesbania iec a matter of continuing controversy. S.

tetraptera, distinguished by its 4-winged pods, belongs to another

subgenrus distinct from the subgenus Secbania to which most of the
other entries belong. The LYV group also containg two species
which are not clearly annuals: §. pachuvcarpa which in Hawaii may
centinue to grow, but without vigor, after its first reproductive
periocd, and $. macrantha, some varieties of which live for ceveral
)yeare, The other LYVs were S. micraephvlla, a slender plant with

the smallecst learlets in the genus, and §. specivss, which is
often border-planted as a green leaf manure crop in South India;
as an in s€itu green manure, it is known to be slower than S.

bizpinczs, taking 3-5 months rather than 2-3 months to produce &

good green manure stand.

i

LS. speciocosa was probably not symbiotic with Rhizobium in this
experiment, since we have not been able to effectivelv inoculate
it with Rhizobium isolates from other Sesbania species, including
those comprising the inoculant used in this experiment. Reports
from India suggest that high yields mav be obtained with this
speciec, presumably when nodulated. We attribute the low yield

and N content of S. speciosa in our experiment to its lack of an

effective N-fixing symbiont.



The same limitation applied to S. rostrata (see Fig. 1).
This species was reported as a prodigious nitrogen-fixer (Rinaudo
et al., 1983). Its unusual stem nodules are said to fix
9tmospheric N regardless of available N in the rooting media
{Dreyfus and Dommergues, 1980). This stem nodulation is
apparently ephemeral, dependent on environmental conditions, and
requires unique, specialized Rhizobium strains. Our attempts to
affectively nodulate roots or stems of 3. rostrata with izolates
effective on other sesbanias failed. In this yield trial, there
were no stem nodules. S. rostrata had a high dry matter yield,
similar to the HYVU’s and significantly higher than S. speciosa,
but a relatively low N content, since its roots were apparently
not effectively nodulated. The low yielding varieties, in
suymmary, lacked an effective symbiosis, high biomass yield
petential, or both, and they had M contents of lesz than 100
kg ha.

Experiment 2. Figure 2 illustrates the dru matter yields of

two successive harvests of ten Sesbania accessions cut at 30 cm
above ground level. These entries are ranked, from left to right,
by total dry matter yield for the combined two harvests. The
perennial S. sesban, not shown in Figure 2, was similar i1n vield
to CBS at both cuts, thus exhibiting quite rapid early growth for
a perennial (cf Evans and Rotar, 1985). Dry matter accumulation
rates during the S-week regrowth period were comparable to those
in the uninterrupted, l4-week growth period of Experiment 1, and

these rates were 50-200% higher in the regrowth period than in

10



their establishment period.

Figqure 3 compares the combined dry matter vields from 2 cuts
in Experiment 2 (left bars) with the yields in Experiment 1 (right
bars). Entries with comparable yields when grown for 14 weeks
behaved differently when subjected to an intermediate cutting.
Some entries (SC2, XE3, CBS, and MN1l) had conspicuously greater
dry matter yvields during their regrowth period after the first
harvest tharn during their establishment period, and theyv also had
righer proportions of leaf to stem in their dry matter at the
firzt cut. Such differences in growth rates may be of use in
selecting varieties for intercalating, as relav-sown intercrops
for example, in cropping patterns.

Nitrogen yields for the growth intervals in both experiments
are compared in Figure 4. While the combined dry ma-ter vields of
two cuts in Experiment 2 were generally less than the
caerresponding yields.in the uninterrupted g;owth period of
Experiment 1, for almost all entries the combined W contents of
the two cute were equal to or greater than the N contents in
Experiment 1. Accescsions containing approximately 100 kg/ha N at

T weske arter cowing would be most decsirable as zhort—-term areen

D
i

manure crops. Cutting these plante as we did not onlv provided an
intermediate harvest for fodder or green leaf manure but in most
cases ctimulated production of N-rich leafy material instead of
stem material to the extent that an additional 100 kg/ha N could

be harvested S weeks later.

The two entries in Experiment 2 which were grown at two plant

11
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populations are compared in Figure S. These accessions represent
extremes in flowering habit among the annual sesbanias: MA4
flowers precociously throughout the year in Hawaii, while cBS
.seems to require daylengths which are short enough only in winter
{November to February) in Hawaii. During this experiment, M&4
flowered before the first cut, while CBS never flowered. This
interaction of flowering physiology and plant population greatly
inhibited regrowth of MA4 after the first cut.,

Little difference in yield of S. exaltata grown for green
manure in California was obtained by increasing sowing rates from
22.4 to 44.8 kgs/ha (Anon.,, 1957). From the performance of our two
entries, it is not clear that sowing to achieve very high plant

populations is of advantage in increasing short-term productivity

of sesbanias. Wkith the relatively slower-growing CBS, theres was 3

i

[0
i

rernce in M sontent at the first cut: an adco:itienal 23 kash

PR
- e "

1

Jus to doubling the population to 250,000 plants/ha. It appears,
however that the population of 125,000 plants.ha chosen for these
axperiments was an appropriate population for these plants., This
1s morroborarsd by comparing the results of the two experiments,
Thie plant spacing allowed for a canopy adequate to support high
bismass wields in Experiment 1; 1impnsing 3 cutting reqime int2nded
to s=timulate leaf production in Experiment 2 did not succeed in
increasing leaf fraction yields, although cutting did preoduce
regrowth with a higher N percentage, resulrting in greater N
content.

Some of the green manuring data on sesbanias summarized by

12



Panse et al. (19865) for India (Table 1) indicated that yields
varied with sowing times: in one speciec comparison, sesbania
green manure crops were grown both for main season (mid-vear) and
late season rice crops. Table 1 gives only the data for the main
season crop (those grown for 84 davs); for the late season crop,
vwields for S. bispinocs, S. serices, S. macrocarpa, and S.
specicosa were 30, 36, 42 and S9%, respectively, of the main season
crop. In another comparison, S. bispincsa was sown a month apart,
in Mav or in June. The latter sowing yielded 10% mcre when grown
98 days on a sandy loam soil, and 52% more when grown 102 days on
a "black cotton” <soil. UDifferences between the May and June
sowings may be related to the monsoon and its influence on
avsilable water and solar rédiation, and differences between
sowings for the main and late season rice crops may also have been
related to flowering in response to decreasing davlength.

We have previously observed variation in days to Tlowering
among the annual sesbania accessions used in this studv when
planted in early August in Hawaii (Evans, 1983); most of them
began o tflower within 8 to 10 weeks of scwing, although a few
including 3. macrasntha MN1l, S. cannabins CBS, and S. speciosg SF1
did not flower until 17 weeks from sowing. In the present
experiment, & number of accessions which according to cur previous
observations were known to be phyvsiologically capable of rFlowering
within a 14-wee£ pert®d did not do so. These were S. microphvlla,
S. rostrata, 3. pachvcarpa, S. emerus, S. exasperata, and the

cannabina gqroup accesions CH1l, CB2, CB3, CB6, and BA3. #Accessions

[y
”



MN1, CBS, and SP1 also did not flower. S. punicea has not been
observed to flower in any of our plantings. This suggests that in
Sesbania dayvlength is a factor in flowering and that there is
variation among and perhaps within species.

“llied to this flowering response is a difference in
determinateness among species; by determinate, we mean that the
reproductive phase is soon followed by senescence. Some sesbanias
monsidered to be annuals are very determinate in Hawail, while
others continue to grow after flowering and setting seed. #Fn
example of the determinate type is the accession Mad, which
flowers within 6—-8 weeks of sowing at all times of vear in Hawaii.
Accession CBl, very similar to MA4, and accession BA? are two
others. In Experiment 1, CBl had mature seed at harvest 3 months
af ter sowing. These 3 accessions have flowering habits that 'wculd

=xpected in temperate zone species, such as the Morth American

U
14

S, exazltata which MA4 may be. Thev had similar dry matter
contents and N vields, and their values were clustered for most
characters measured (see Fig. 1). For total N content thev were
high-vielding varieties, but for dry matter yield they wers
intermediate between the high—- and the low-yielding groups,
sianificantly lower-yielding than the highest of ths HYUs., They
had more dry matter in the leafy fraction than in their stems, and
the proportion of leaf N to stem M was wery high (Table 3). Had
they been harvested earlier, their growth rates would have been
relatively higher, since they apparently reached peak biomass

accumulation earlier than the others. These 3 accessions are

14



therefore candidates for short-term green manure crops, but their
precocious seeding habit decerves cauticnary consideration where
there is a risk that timely incorporation may not be poscsible.

We conducted these vield trials with Sesbania species during
summer , when good yields may be expected. Additional information
on vield variation resulting from differential growth performarce

due to season would be useful in determining limits to their

faacsi1ble inclusions in cropping patterns.

15
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for key to species accession codes).
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Table 1. Reported vields of Sesbania species.
Growth Fresh Growth N
Species Period Weight Rate Content Reference
davs Mg/ha kg/hasday kasha
bispinosa - 24.8 - Singh & Sinha, 1962

" 52 14.3 280 Chandnani, 1954

" 60 25.0 420 l1z0 Khind, 1982

" 79 28.7 380 104 IRRI, 1963

" 75 37.4 S00 1z2 "

" 84 25.95 300 Panse et al., 1965

" 98 25.9 260 "

" 98 28.6 290 "

" 102 38.7 380 "

" 102 58.8 580 v

" 60 10.7 1g0 "

v 75 34.3 460 "

" - ie.5 - Van de Goor, 1954

" - i2.6 - “

" - 23.4 - "

" - 14.9 - "

" 74 20.0 270 Gaul et al., 197¢

" 45 15.6 350 Khind et al., 1383

" 60 28.9 4380 "

" 56 30.0 536 Katiyar, 1969
sericea 84 26 .8 320 Fance et al., 1965
microcarpa 75 17.5 230 88 IRRI, 1963
macrocarpa 84 22.1 260 Panse et al., 1965

" 63 27.6 439 Anon., 123l)
specioca 119 4¢6.8 390 "

" 75 15.7 210 "

" &4q 25.5 300 "

" 60 40.3 671 87-136 Nair et al., 1957

" 120 S5e.0 467 Mudaliar, 1954

" 240 96.8 403 "
sesban 75 91.95 62?7 z20e IRRI, 1263

21
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Table 2. Sesbania accessions grown,

—— ——

Accession Geographical Other

Code Name as Received _Oriqin Donor Designation

BAZ bispinosa ? India CRRI, India

BAa4g aculeata ? S. China

BAS aculeata ? India

BAe % - ? India CSSI, India

BA7 bispinosa 7 India CSIRO, Aust. CPl 71021

BA8 concolor + India CSIRO CPl 71022

EAlZ * - ? S. ARsia

CBl cannabina ? India USDA PI 180050

Cee cannabina ? Hainan, China

c83 cannabina ? N. Vietnam

cB4 cannabina ? S. Vietnam

CBS %% cannabina Australia Waimea Arboretum 74s76

(59213 cannabina 7 Australia CSIRO CO 1424

cB7 cannabina ? Australia CSIRO CQ 1445

tBg «x cannabina ? Botswana CSIRO CPl 78174

CH1 cochinchinensis ? Hong Kong CSIRO CP1 91846

DP2 punicea Rep. S. Africa Natal Herbarium

EX3 exasperata Surinam CSIRO CPl &39S

MA4 %k - ? Arizona, USA Dessert Seed Co.

MN1 % macrantha Rwanda

MP1 microphvlla Zambia CSIRQ CFI 39929

PC1 * pachycarpa Congo USDA Pl 247856

FC2 pachvcarpa Senegal

PC3 pachycarpa Senegal CSIRO CPI 50978

RS1 * rostrata Senegal

sC1 sericea ? Australia USDA Fl 284344

SCz % cericea 7 Surinam CSIRQO CPI 639z%

SM1 simpliciuscula Australia CSIRD CQ 1425

SP1 speciosa Sri Lanka USDA Pl 219351

TP1 tetraptera Swazil and UsSDs& Pl 365143

VC1 vesicaria Texas, USA

XE3 % - ? Taiwan ROC Taiwan Agric. Res. Inst

XE?7 - 7 . "

x E8 - ') " 1]

P emerus + Peru

SB1lU * sesban UVenezuela CSIRO CFPl 28114
Nctes: introduced to Sri Lanka from E. Africa.

£. speciosa had been
*

indicates accessions used in Experiment 2; SB10 was not used

in Experiment 1,

*k indicates cutting trial accessions also planted ut double

population.
? name uncertain;
+ accession

see text.
identified (XP

= 5.

emerus,

Reinaldo Montiero,

pers. comm,) or corrected (BA8 was received as S. bispinosa,
G.P. Lewis, pers. comm.).
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Table 3. Yield data for 35 Seshania asccescsiones gqrown for 14 weeks.,

Leaf s stem

Species Total Stem Proportion
Accession Total drv Fresh Total Specific Dry
Codexx Matterx* Matter Nitrogen Gravituk Matter Nitrogen
Mg/ ha ka/hba kq/mg;
CB7 17.02 54.79 245 241 0.61 3.1
CBe 1¢.895 53.44 231 Zle 0.47 2.&
CBs 15.74 49,27 207 200 0.43 3.1
EX3 15.72 S0.21 138 211 0.33 2.0
cBe 15.14 45,46 197 1940 0.55 3.6
XE? 15.00 45.77 157 135 0.51 3.7
CEZ 14.89 4é.67 201 226 0.42 2.4
SC1 14.05 43.85 174 222 0.42 2.5
BAS 14,01 43.75 173 208 0.40 2.9
Béis 13.82 44.58 173 219 0.42 2.7
BA4 12.80 43,54 18% 222 0.¢3 5.1
SCz 2.56 43.44 171 214 0.32 2.2
(= 1z.11 40.94 153 15& 0.41 .2
»F l2.%¢ S0.94 1=z1 15z 0.40 2.1
XEZ 12.94 42,22 201 221 0.7¢e £.2
BAlZ 12.54 45.72 1&g 2249 0.56 3.7
BAZ 12.34 42.25 1759 177 0.33 1.2
cBs 12.30 40.94 13& 206 0.45 2.0
RE1 1z.10 25.94 s 125 a.1é 1.0
B2 11.1 34,20 153 0.44 S.0
REE 10.75 37.40 174 182 0.7% 5.0
Ml 10.865 36.15 145 22S 0.47 2.2
CH1 9.828 36.77 151 182 0.57 2.9
BAT g€.93 23.549 18:. 210 l1.40 8.8
Cel 8.%¢6 25,46 121 121 1,10 10.0
Mt g.1% 24.27 157 178 1.10 11.0
MN1 Y= 33.59 10z 125 0,35 1.7
SP1 7.4 28,159 S7 183 0.32 1.,:
PCZ B.57 23,96 10z 284 0.29 1.4
MP1 2.53 21.55 2] 185 0.36 2.4
TP1 .19 2z2.12 s 1le7 0.79 S.4
FC1 S.48 22.29 e 239 .30 1.4
PC3 4.74 20.31 68 272 0.29 1.9
VCl 3.3¢6 13.44 o6 0.%6 S.4
DPZ2 2.24 g.02 33 n.51 1.5

** gee Table 2.

» Stem specific gravity expressed in bone dry kg/m3_ Drv matter
yield values were derived from samplec dried in crop drying oven
and containing 5-10% moisture. Samples for specific gravity were
taken 6 months after sowing.
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PRODUCTIVITY OF SESBaMIA SPECIES

2. PERENNIAL SPECIES FOR FODDER PRODUCTION.1

Dale 0. Evans and Peter P, Rotar2
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Abstract

shsris species accessions were evaluated for fodder

ioern in comparicson with other nitrogen fixing trees over 3
of harvests auring 1 vear from planting. Leucaena
leucccephala became infested with a newly introduced Heteropsvlla
sp. pest, and Calliandra callothyrsus and $. grandiflora appeared
to be sensitive to drought stress. Variations in S. sesban
accecssicns were observed: some were fast-growing initially, while
otherz were slower to establish but had increasing vields with
later harvezte and produced comparable total yields in the growth
cerviod, High-vielding S. sesban accescsions produced >20 Mg ha dry
matter 1n S-6 cuts during the establishment vyear,.
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Introduction.

Sesbania species are most commonly known as green manures
because they are so used in Asia. These fast-qrowing legumes mav
also be sources of pulp fiber, fuelwood, and fodder. We reported
previously on the relative productivity of different annual
species (Evans and Rotar, 1985). The genus also contains
perennial species, shrubs and trees, manv of which have not vet
been evaluated agronomically. Lesser-known species which are
localized in occurrence include: 1) those native to the genus’

African center of diversity (Gillett, 1263), 2) the Hawaiian

endemic S, arborea (Char, 1982), and 3) the Australian species, 3.

formosa (Burbidge, 1965)., Two others, more widely known, have

pantropic distribution due for the most part to spread by man: S.

for short-rotation fuelwond

()
t
-
M
14

arandiflora has been & candidat

o0

. 2esban’s potential as

s

and pulpwood forestry (N3, L1573, 1231);

3 multi-purpose tree has also been recognized (NA3, 1382). Both
have been arown as socurces of green l=zaf manure and high-protein

animal fodder, and their characteristics and uses ror these

purposes are detailed in & forthcoming article on the genus (Evans

and Rotar, 1n preparzilon). The present report describes an
experiment evaluating 17 Sesbania species accessions and two

non-sesbanias, Calliandrs gallothvrsus and Leucaena leucocephala,

for fodder production.



Materials and methods.

Details of the soil (a Vertic Haplustoll, Waialua series) at
the site on coastal, windward Uahu were given elsewhere {(Evans &
Fotar, 198%5). Plots consicsted of 4 rows, 2ach S m long spaced 1 m
apart, with the inner 3 m of the central 2 rows serving as the
marvest area. GSeed was scarified by soakimg in concentrated
csulfuric acid for 15-30 minutes depending on the accession,

followed v rinsing in water. Sesbaniac were inoculated with

o=

.

-
-

=ium :n & peat carrier with gum arabic seoluticn &z & sticker.

Calliandrs and leucaena were not inoculated, but indigenous <oil
Fhizobium for the latter were known to be present. S. grandiflora
and Z. formoss were sown 25 cm apart in the rows (population
40,000 hille/ka); all other entries were sown.20 cm apart
‘population 56,000 hills/ha). Seed was sown into slightly moist
z0il 3t & depth of about 2.5 cm, and the field was irrigated the
following day, June 24, 1983. For the next 10 months, until water
supplies dwindled due to failure of winter rains, irrigation was
applied by overhead sprinkler every 10-14 days. Total rainfall
during the 12 months following planting amounted to 81 cm, with (2
em of rain 1n each of the last 2 monthe of that period.

The experiment was in an augmented, randomized block design;
there were 10 main entries having 3 replications, and 9
unreplicated augment entries distributed among the blocks.
Harvestina was done on an individual accession basis: when the

starnds reached a height of approximately 2 m, they were cut back

to a height of S0 em above ground level. Two entries (CAL and



T02) grew slowly in terms of vertical height and were cut when
stands were about 1.5 m high. Our harvest method was intended to
represent the "cut—-and-carry' method used by developing country
farmers maintaining small-scale livestock anterprises. Harvesting
was done with hedge shears having scolluped notches in the cutting
blade edges, which aided in cutting woody stems 2-=3 cm in
diameter. &s done by us, harvesting these materials was a
2=-pereon task, with one persan 2atheriag togetrher and holding the
branches of one or more plants, while the second person cut with
the shears from the other side of the row. This method allowed
more precise cutting arnd neater stacking of cut materials than
would be poussible with one person. Subcsamples taken from the
harvest area were dried in a crop drving oven at S0 C. After
drying, stems wers separated from the foraée fraction, which

s, leaf rachises, and stems 3 mm or less 1in

Tl

ZonTiEted

o
103

av

(1

diametar; stem and foraqe fracrtions from selected harvests were
analvsed ceparately for chemical composition, Forage fractions
from selezted acceszions and harvests wers submitted to the
Uritversity of Hawaii Fzed and Forage mnalyses Program ror
determinartion of nutrient composition.

Accessions grown are listed in Table 1. Of the four S,
grandiflora accessions, GL1 is the red-flowered type sometimes
referred to as variety coccinnea, while GLS, GL7, and GL3 are
white-flowered. S, sesban (L.) Merr,, previously called S.
aequptiaca, is quite variable, with subspecies (sesban, punicea)

and varieties (sesban, nubica, bicolor, zsmbesiaca) (Gillett,



http:togetr-.er

1963) as well as rc.ose relatives (e.g. S. keniensis Gillett and S.
qoetzei Harms) which have species status and may be
indistinguishable to the casual observer. There are several types
of 8. sesban in our collection. Accessions Sbl, SB2, 5B2, and
SBl12 form a group apparently similar to S. sesban var. anubica, and
have all been so identified by G.P, Lewis at the Royal Botanic
Gardens, Kew, England, working with herbarium vouchers we
provided. Since Gillett has made species distinctions based upcn
rorrelations of morphological characteristics with observations of
ecological requirements, i.e. phenolype, we must suggest on the
basis of plant performance in our experiments that this group is
rnot homogeneous. 5Bl and SB2 were similar in performance, but SES
and SBlZ were different from these as well as from each cther.
Orher S. sesban accessions in our experiment resembled one
another in gross morphology and were distinct from the gQroup Just
discusced. Thelir herbarium vouchers have been identified asz

either S£. s=cban var. sesban (SB10, SB13, XW), or var. bicglor

b

(3J2), or possibly var. bicolor (SB1l1l, X2), because of variation
in flower color intensity among plants (pale vellow to corange,

with various amounts of dark purple, from light speckling tc
colid, on the standard petals). Under the uniform environmental
conditions of our experiment, we found some variation in yield and
qrowth rate but did not observe much difference in plant form
(leaf size, branching habit) within this latter group of 3. sesban

accessions.



Results.

Yield data for the individual entries ic from harvests
varying in number and interval during one year from sowing. These
variations are the result of harvesting by growth stage, when
plants reached a height of 2 meters, rather than a specific time
interval. Figure 1 shows the harvest intervals (la) and the
cumulative dry matter production (lb) during the experimental
period. Because the use of growth rates helps to overcome
difficulties in comparing growth among varying harvest intervals,
Figure 2 shows cumulative growth rates of selecied entries over
cime. Table 2 presents statistical rankings for cumulative growth
rates (cf Fig. 2), growth rates withir harvest intervals, and dry
matter vields of harvests (cf Fig. 1b) for the replicated entries,
The comparisons of yields and rates in Table 2 are confounded by
intervals between harvests and time, yer are given to illustrate
trends and differences among entries.

For example, considering the replicated accessions in Table
2, accessions 5B10 and especially 5B1l3 had high initial growth
rates 30 that superior cumulative growth rate values were
maintained over 5 harvests despite declines in Qrowth rates and
vields for individual harvests, perhaps due to drought. SB2 had an
initial growth comparable to most other entries, but its lack of
successful adaptation became clear during the first regrowth
period. Although leucaena started slowly, it grew vigorously
af ter the initial cutting and showed indications of being high

yielding, as expected, at its 3rd and 4th harvests, but thereafter

,]-\‘f



its vield declined with the onset of & psyllid pest infestation,

S. grandiflora‘s growth was intermediate and appeared particularly

sensitive to the increasingly drier soil conditions during the
experimental period. S. formosa growth was poor. A dramatic
qrowth response is observable in SBl, which in contrast to SB1l2
grew slowly at first with growth steadily increacsing as the plants
developed, in spite of progressively drier conditions. Calliandra
had high vields at itse two harvests, but growth rates were not
high.

Nitrogen percentages of forage and stem fractions are given
in Table 3. Except for calliandra, values for leaf N are means of
2 asnalvzes per species (from harvests 1, 2, and 3) and values for
stem N are from harvest 2. Generally, harvested material
contained <lightly moere leaf fraction d}y matter than stem.
nuerage for all harvests and species was S55% leaf; leucaena and
the secbans SE10 and SBl3 were aboutrt 60%, and SEl was 45% leaf,

Nutritive composition of selected entries ie given in Table
4. Samples were leafy material (leaues.+ branches 3 mm cr less in
diameter) from the 2nd or 3rd hsrvest, taken after a regrowth
vrericd of 3-9 weeks from the previcus harvest, except for
cazlliandra and S. arborea, for which samples were from the lst

narvect taken 26 and 21 weekes arfter planting, respectively,



High-vielding plants. The high-yielding entries produced

vields ranging from 12.5 to 20.5 Mg/ha dry matter during the
experiment year (Fig. 1b) and may be suitable as fodder producing

trees for sites and management regimes similar to ours. In terms

of productivity, they may be ranked S. sesban > L. leucocephala >
3. grandiflora = C. callothursus. During the trial period, these
entries afforded 4-6 harvests, with the exception of calliandra.

The highest yielding group were the S. s2sban entries SB1,
sB2, SB10, SBll, and SB13. These produced over 20 Mg/ha dry
matter during the establishment year and had growth rates
permitting harvests every 8-9 weeks. Initial growth rates of SB10
and 5B13 were comparable to those of annual Sesbania species, as
represented by SB3 (Fig. 2). Accession SBl was unique among
entries in maintaining steady increases in yvield and growth rate
with successive harvests (unreplicated SB2 was similar in
perfaormance). Dryv matter yield of SBl at each individual harvest
increased linearly with time (y = 1734 + 11.4x, Rz = 0.217).

The remaining S. sesban accessions waried in their
performances. Accessions XW and ZEl2 were similar to lsucaens in
cumulative growth rate and in vi=ld. The unreplicated SJ2 and X2
wers similar to each other in oroductivity and intermediate
between the latter two sesbans and the higher-yielding SB13.

S. grandiflora was represented by 1 replicated and 3
unreplicated entries. The unreplicated GL1 was slower-growing

than the others, cut only 3 times compared to their 4. The other

augments, GL7 and GL8, were similar in performance to the

V1)
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replicated GLS. §S. grandiflora had a high moisture content,
averaging 8l1% over all harvecsts compared to a mean of 7€% for all
entries.

Calliandra callothvrsus was much slower to establish than
octher entries. The first harvest was taken & months after
planting when it averaged about 1.5 m height; the 2nd harvest was
taken 132 dave later when stande regrew to 1.2 m height., Yields
at these harvests were high, averaging 5.0 and 7.3 Mg/ha dry
matter, respectively; total yield ¢ the tws Harwvests waz zimilar

to S, arandiflors cut 4 times (Fig. 1lb). The harvested material

averaged ob6% moisture content, conspicuously lower than the other
entriecs which had average values in the range of 75-30%. wlthough
calliandra was not inoculated with Rhizobium, there was nco
indication of nitrogen stress. (alliandra growth seemed limited
bg the dry conditions which prevailed following its 2nd harvest,
and although the stands survived, growth was slow.

Leuczena leucocephala was zlower to ecstablieh than most of

the csecbanias, producing lower yield at the first harvest. During
ite firet regqrowth period, growth rate increased remarkably but
this trend did not continue (Figq. Z), ac it became heavily
infested with Heteropsylla species at about the time of the 4th
harvest (approximately day 300), and vield fell off thereafter
(Table 2). This psyllid pest, new in Hawaii, fed on leucaena (but
not on sesbania or calliandra) by sucking at sites of active
growth, preventing normal leaf development. The pest occurred in

such numbers that leucaena growth was severely restricted.



Low=vielding plants. Entries which performed poorly were the

accessions SB3, SB9 (S. sesban), TO2 (8. arborea), and F02 (S.
formosa).

The unreplicated SB3 was apparently not 3. sesban; it
demonstrated annual growth habit by flowering and setting seed
copiously after the lst harvest and declining in growth arfter the
2nd and final harvest was taken. SB3 had a high growth rate (Fig.
2) and produced 3 total of about 7 Mg/ha dry matter in 2 harvests
over approximately 3.5 months.

The unreplicated S. arboresa proved to be poorly adapted to
our site and management; it required S months to rzach a height of
170 em and regrew very slowly after it was cut. It is
characteristic of the endemic Hawaiian Sesbania speci2s, most of
which are probably endangered speci2s, that theu do not readily
adapr to enviromments diffearing from "thelr pnatural rarnge b, Thar,
pers, comm, ).

S. formgsa also proved to be unsuitable. Only 3 harvests
were taken in the erperimental period, v.3s. 4 harvests faor
grandiflora. Yield was less than for the latter, and regrowth
rat2s were therefore low, Leaf N values were almost a rull
percentage point less than those for S. grandiflors (Table 3)., Our
observation of S. formesa in Hawaii has led us to conclude that
this tree is better suited for wood production than for fodder
production; it appears to bé better adapted to semi-arid sites
than it3 near relative, S. grandiflora.

The 3. s&sban accession B9 grew poorly, apparently because

10



it lacked effective symbiotic Rhizobium associations. In a
previous strain X species screening of sesbanias and © Rhizebium
isolates from sesbanias, SB9 was either not nodulated or sparsely
and ineffectively nodulated (M. Habte & Evans, unpublished). 1In
the present experiment, leaf N values for SBY9 were low (Table 3)
and decreased with successive harvests to lecss than 3%;
convercely, leaf P percentages increased to quite high levels.

Af ter the 3rd harvest, regrowth was very slow and plants were
chlorotic., A few individual plants continued to grow, but the
maiority died out.

Diccuesion.

Wilt cauced bv Sclerctium rolfsii affected S5-50% of plante in
plote of Secsbania accessions during months 10-12 of the
experiment, and was obserwved to occur following cuttings. With the
harvest of almost all the foliage at the time of cutting, it is
possible that increased scil temperatures in the dry upper soil
laver encouraged colonization by the fungus at a time when the
plante were weakened., O0Our practice of removing understory weed
growth from inter-row spaces following cuttings also contributed
to raising soil temperatures and decreascing surface socil moisture.
Nei ther leucaena nor calliandra was affected by the fungus. In
fodder production schemes using sesbanias, it is poscible that
during pericds of dry weather and high surface soil temperatures,
incidence of wilt can be minimized by partial, selective cutting
to maintain shade for the soil surface and reduce shock to

individual plants, and/or maintaining a grass understory.

11



We are not certain that we emploved the optimum method of
harvesting these materials as fodder. In mechanized production or
in experimental trials it is difficult to harvest selectively. In
developing countries, usually only the most edible portions of
trees and shrubs are haruested; the intensity of defoliation of
plants is modified at the discretion of the gatherer, and
individual plants not at an optimum stage for harvest may be
deferred. This type of harvesting resembles browsing bv animals,
and may be, though more laborious, a more optimal method of
managing plants. On Molokai, Hawaii, S. arborea is browsed by
cattle, axis deer, and feral goats, and plants survive many vyears
as evidenced by trunk size. Although new growth at branch tips is
reqularly browsed back during dry seasons, the plants’ structure
le generally left intact. In India, Karsem (1957) recommended
"careful picking of the leaves (of 3., grandiflora) lest severity
of picking harm the plant." Such "picking" would leave voung stem
tizzue on the plants, with its relatively numerous meristematic
sites from which new leaves and branches may arise. &rbitrary,
take—-all harvest removes these tissues. While this does not seem
to deter regrowth in some plants, such as leucaena (unless cutting
13 too low, e.9. 10 cm or lower), or 3. sesban (under our

conditions), S. gqrandiflora may have been inappropriately managed

in cur experiment. Although it is some*imes maintained that this

species does not regrow well after cutting, this may be more

correct in regard to its coppicing response, i.e. the regrowth

from stumps after cutting mature trees. MWe found that regrowth
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was good, perhaps because its stems were cut when the bark was
relatively immature. We suggest that leaf production by S,
grandiflora may be enhanced by harvesting methods designed to
leave numerous young nodes on the plant, rather than repeatedly
cutting all regrowth back to old tissue.

In conclusion, Sesbania sesban was found to have rapid growth

and regrowth after cutting and to produce high yields of
protein-rich fodder materials; some varieties of S. sesban were
more productive than others during periods of drought. These
materials were comparable in productivity, if not superior to
Leycaena leucocephala and therefore are potentially important
sources of cupplemental ruminant feed which should be more widely

considered for adoption. Calliandra gallothvrsus and Sesbania

qrandiflora both grew more slowly at ocur site; thev were

moderately productive but their growth rates appeared to be more
sensitive to soil moisture strecs. Harvesting strategies to
cptinize fodder yields for £. sesban varieties and especially for

. grandiflora and Calliandra need development.
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following sowing.
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SESBANIA ACCESSION

of Sesbania and other legume trees cut for fodder (see Table 1
for key to species accession codes).

Harvest intervals (lA) and cumulative dry matter yields (1B)

Figure 1.
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Flgure 2. Cumulative growth rates of Sesbania and other legume trees
cut for fodder at successive harvests (each data point
represents a mean of 3 replicate plot yields per cut, except
for the unreplicated Sesbania sp.).
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Table 1. Sesbania species accessions compared for fodder production.

Accession Geographical Other
Code Name *%x Oriqindkix Donor Designation

SBl % Sesbania

sesban Kenva
sB2 S. sesban Congo USDA Pl 247857
SB3 S. species Okinawa UsbDa Pl 22335351
SB9 % S. sesban Rwanda
Sel0 * S. sesban Venezuela CSIRO CFl 28114
SBl1l S. sesban Burma CSIRO CPI 30774
SBl12 * S. sesban Uganda CSIRO CP1 32223
SB13 % S. sesban Egypt NifTalL NFT 159
XW * S. sesban Punjab, Pakistan
X2 S. sesban Brazil CIAT ClAT 7934
sJa S. sesban Indonesia CSIRO CFl 34853
GL1 S. grandiflora Oahu, Hawaii
GLS S. grandiflora Guatemala CATIE CATIE 1147
GL? S. grandiflora E. Java, Indonesia
GLS8 S. grandiflora W. Samoa
Foz2 * S. formosa Australia CSIRO CQ 1146-26
TO2 S. arborea Molokai, Hawaili UsDA PMC
CAL % Calliandra

callothyrsus Indonesia
K& * Leucaena

leucocephala Mexico/Hawaili

notes: * Desigrnates replicated entries.
*% Some species have been revised: SB3 was received as S. sesban,
SJ2 as S$. javanica.
*%*% Place of collection, or as given by donor.
Except for SB9, GLS, GL?7, and F02, seed used was increased in

Hawaii.
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Table 2. Waller-Duncan K-ratio T tests® on data for each harvest (vertical
columns) for dry matter yield and accumulation rates of Sesbania
species, Leucaena leucocephala, and Calliasndrs callothryvsus.
cumulative grovth rate dry matter yield
growth rate per harvest per harvast

Harvest#®: 1 2 3 4 5 1 2 k] &4 S 1 2 -3 4 5

Accession
(11
S. sesban SBl1] a a a a a a ab a bc b b cd abc bcd ab
S. sesban SB1O a a ab ab ab |a abc be bc b b ed be be ad
S. grandiflora GL5 b b c d b c c c b c a cd
S. sesban SBI12 b b c cd ¢ b abc bc c be be ¢ ab d be
S. sesban XW b b c be bc |b be abc b bec be d abc ab ¢
S. sesban SBI b b bc a a b abc ab a a be ¢ a a a
S. sesban 5B9 be ed d be d d be d d
calliandra bc bc be abc a a
leycaena be b [ bed ¢ bc a c b c bc b abc ab d
S. formosa c d d c d d c cd cd
LSD 12.9 9.6 8.0 6.6 7.0 12.912.2 13.8 12,1 6.4 1.26 0.83 1.046 0.97 0.93
kg/ha/day Mg/ha

#*SAS Institute, Cary, N.C., U.S.A.
#** larvests vere not taken at the same time intervals for all entrics (cf Fig. 1).
*#% Unlike letters indicate significant differences in each vertical colummn.
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Table 3. Nitrogen percentages of yield fractions of tropical
lequminous trees cut for fodder.

Species accession leaf N % stem N %
Sesbania grandiflora 4.16 1.08
S. formosa 3.26 0.80
S. sesban SB9 3.09 0.62
$. cesban XW,X2,58J2 4.38 0.71
S. sesban SBl,2 4.64 0.73
$. sesban SB10,11,13 4.55 1.01
Leucaena leucocephala 4.74 1.20
Calliandra callothyrsus 3.20 0.79

Table 4. Nutrient composition* of leafy fraction
leguminous trees cut for fodder.

of tropical

Species gccession . Ash cP EE NDF ADF PML __ C Ca P
Secbania secban SB1 9.1 31.1 3.9 30.6 20.6 5.0 15.6 1.01 0.4¢
5. zesban SB9 12.0 18.9 3.2 29.6 21.4 5.4 1.0 2.02 0.94
S. sesban SE10 9.9 31.8 4.0 27.6 19.6 4.7 14.9 0.99 0.4¢&
S. sesban S$BlZ2 9.3 25.2 3.1 34.1 25.8 6.9 18.9 1.22 0.43
€. sesban SE13 9.7 31.9 4.4 25.7 18.3 4.4 12.9 1.17 0.4¢
S. grandiflora GLS 10.0 27.6 4,2 29.5 21.4 5.1 16.3 1.32 0.44
€. formosa 8.2 21.3 3.3 46.1 32.8 16.6 22.4 1.27 0.4:c
S. arborea 9.4 18.4 2.5 43.1 33.6 8.7 24.9 1.56¢ 0.29
Calliandra callothyrsus 7.5 19.5 2.4 49.0 30.8 1l1l6.6 14.2 1.2% 0.34
Leucaena leucocephala 8.0 28.4 4.2 36.2 23.1 7.4 15.7 1.02 0.29
=~ Percentage on dry matter basis.
NDF neutral

CP = crude protein; EE = ether extract (crude fat);
detergent fiber (total cell wall constituents); ADF = acid detergent
cellulose;

fiber; FML = permanganate lignin;
F = phosphorus.

C =

18

= calcium;



Evans, D.O.
species: 1.

Gillett, J.

Kareem, S.,
nutritious

NAS (1979)
Academy of

NAS (1980)
Washington,

NAS (1983}
Wasnington,

References.

and Rotar, P.P. (1985) Productivity of Sesbania
fAnnual species with and withcut cutting management.

B. (19€3) Sesbania in Africa, Kew Bulletin 17 91-159

and Sundararaj, D.D. (1967) Why sesbania makes
cattle feed, Indian Farming 17 20

Tropical legumes: resources for the future, National
Sciences, Washington, D.C.

Firewood crops, National Academy of Sciences,
DICI

Firewood crops, volume 2, National Academy of Sciences,
D.C.

15



