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Foreword
 

Increasing population and the expanding need for food in the
 
world are placing special responsibilities on agricultural scien
tists and technicians. Not only must new information and technol
ogy be generated but also existing information must be gathered,
 
evaluated and placed in context for its potential and actual use
fulness; indeed, without the latter, it may be difficult to select 
sensible priority areas for the development of new technology.
The world need for accurate, useful informatior that is packaged
in a way readily usable by others is great, and the gathering and 
evaluation of such information should receive high priority for 
international cooperative effort. 

The study presented here is an outstanding example of inter
national technical cooperation. The cuoperating institutes were 
the Austral ian CSIRO Division of Tropical Crops and Pastures and 
tne University of Hawaii College of Tropical Agriculture and Human 
Resources, Department of Agronomy and Soil Science. Both are ex
perienced, recogniLed centers for tropical pastures and tropical
agriculture. Otrer prominent scientists, experts in their own 
fields, also contributed their knowledge in this publication.

Funding for" much of the joint study was provided by the Agency for 
International [levelopment under the 211(d) program. 

The final product of this exemplary collaborative effort is a
 
comprehensive but Focused overvirw of the current status and po
teritial use of Cerntrosema, Desnodium, and Stylosanthes species in 
tropical paSture systeijs. hT7s-Trmation is further to suggest 
areas where our knowledge is most li;lOted and further research 
effort clearly warranted. It is the first document of its kind 
and it should find a wide application as a major source of infor

onation for those interested in food production in tropical areas. 

Donald L. Plucknett William R. Furtick
 
Washington, D.C. Honolulu, Hawaii
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Interpretive Summary 
R. L. Burt 
P. P. Rotar 

INTRODUCTION 

In recent years a great deal has been written about malnutri
tion in third world countries--its undesirability and possible
 
ways of alleviating the problem. Understandably, emphasis has 
been placed on ways of improving crop production since crops can 
be consumed by man directly. Energy conversion of renewable re
sources to human food via the animal in the form of milk and meat 
is considered less efficienL. Despite major technological ad
vances in crop production there is still an important role for 
tropical pastures based on the forage legume, especially for de
veloping countries. 

Legumes are a group of plants that a able to fix atmospher
ic nitrogen, which in time may bccome available to the host plant,
companion grass,,, the soil organic matter, and to the grazing 
animal. Pasture legumes are used to fulfill a variety of roles. 
As a forag]e they can be used to increase animal production. This 
is especially important in areas with soils of low fertility where 
cropping is riot feasible. Legumes can be integrated into farming 
systems and used to improve soil fertility for subsequent crops; 
Dobereiner (197J) calculated that a successful intensive crop pro
duction program on the Cerrado regions of South America would con
sume a staggering 40 percent of the world's current output of ni
trogenous fertilizer. In the developing countries forage legumes 
have oeen used along roadsides or in villaje grazing systems to 
provide low-cost feed for draught aniimrals. Although the introduc
tion of legumes is generally a relatively simple matter, there are 
many types of tropical environments for which adapted legumes are 
not yet available. It is relevant to note that most third world 
countries occur in tne tropics. 

There are further reasons why less nphasis has been placed 
upon the development and uFe of forage legumes. Prior to the 
world energy crisis and the concomitant rises in fertilizer costs, 
there was a tendency to hide our ignorance behind a bag of fertil
izer; it is easier to increase animal production by applying fer
tilizer to grass than to develop grass/legume combinations. There 
is also a novelty factor; many of the advantages of systems based 
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upon tropical pasture legumes were not documented until the mid
1960's and, indeed, there is still a dearth of sound research 
findings and experience. Finally, we are dealing with rather com
plEX systems involving interactions between soil-pasture-animal. 
It is therefore more difficult to appreciate tile value of grass/ 
legume systems in tens of inputs and outputs. Not surprisingly 
there ace many misconceptions about tile potential worth of tropi
cal legures in pasture systems. 

SCOPE OF CONTRIBUTIONS 

This series of essays describes th, need for, and the value 
of forage legumes to, pasture development and improvement in the 
tropics and subtropics. The essays are divided into three sec
tions. Section I provides an overview of tropical pasture im
provement, the soil and climatic environrents, reports of the 
successful use of legumes in pasture developnent in a wet and a 
dry tropical environment, and Lhe scope of the problem in terms of 
area tu he developd and the logistics required to further im
provement. Section 1 dealsn1 ith three legume genera chosen for 
their actual and potential contribution to pasture improvement. 
These genera are discussed in aeta i1--taxonoy, adaptation, dis
tribufion, productivity and usefulness as pasture plants. It is 
the general feeling of tihe authors that the pasture potential of 
the tlhree ognert tas hardly been touched. Each of the three gen
era contain Mtany mro1re species than have been evaluated for their 
contribution ti pasture development. Included in Section It is a 
statetneut about. the Rhizobium resources ttat must be evaluated 
concurrently wito theuit associated legunmes . Arny deviation fror 
concurrent eva luatiotn with associated legumes too frequtntly leads 
to ai:sappoi rttrl t. and to the rejection ot tile leguite as a poten
tial contributor to pastures. Cortsiderabr le imrphasis is placed on 
the necessity to collect legumes and associ ated root nodules coan
taining Roizobium at the sarle time. Sect ion III consists of a 
miber of technTca l essays related to pastu e development, includ

ing soils, Rhizobiur, social aid economic considerations arid a 
coordinated multidisciplinary prograti for legume exploration and 
evaluation. 

The contribufors rave lirrited their discussion to tropical 
and subtropical pasture development in those regions of the world 
having four or more months of rainfall. They rarely refer to the 
vast arid and semi-arid regions of the tropical world. The essays 
have been limited to only three legume gerera. It should be 
pointed out that in Latin America Roseveare (1948) listed over 100 
legume genera and more than 400 species. The three genera--Cen
ti-osenra, Desmodium, and Sty losanthes--were chosen for their wide 
rangeof tadaptaion arid titTT t-iot-in tropical pastures. 

Grasslands of the tropics and subtropics witt a four-month ont 
more rainy season comprise over 1048 million hectares and have art 
average productivity varying, according to region, from 7 to 57 
tonnes of beef per 1000 nectares. Conservative estimates are that 
a five-fold increase in productivity is a reasonable expectation 
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for improved pastures. The contributors emphasize the fact that 
most of these 'ands suitable for grazing are unsuitable for inten
sive crop pr juction and that the only way we can make use of this 
valuable resource is through the grazing animal which, par excel
lence, is a suitable collector and efficient convertor of grass
land plants into a product suitable for human consumption. The 
legume has to be part of these grasslands as it provides adequate 
dietary protpin for the animal, and its associated Rhizobium fix 
large amounts of nitrogen each year. Conservative estimates are 
that on the order of 100 to 200 kg per hectare are fixed each year 
oy the legume/Rhizobium association. This represents from $US 60 
to $US 120 of -{ il izer nitrogen equivalent. Such contributions 
cannot be ignored or overlooked considering the high cost of pro
ducing nitrogen fertilizer and the increasing scarcity of energy 
for its production. 

The impetus for improvement of tropical pastures is derived 
in a large degree from the success of the CSIRO Division of Tropi
cal Pastures in Queensland, Australia. In areas where animals on 
native pasture lost considerable weight during the dry season and 
Look fro four to six years to reach market weight, and where 
calving percentages were well below 50 percent, the introduction 
of legumes into existing pastures reduced weight losses and even 
providid r net gail J.uriny the dry season and doubled or nearly
tripled thre onceia rates of livestock. Such success has in
crOasd the inter t in trie further deve loprent of large areas of 
the trupicat wo ld. 

Tire essays disicuss the ived tor pasture legumes and provide 
valuable insights fir their proper evaluation. They stress the 
need to evaliate potential legume species under envirorrnental con-
Odition< similar to those from which these plants originated. This 
i s ,iipha si zed by several con tibutors wir prov ide examples wher' 
alkaline-sil-adapted legum,es failed in acid soil environments and 
were discarded Oil1y to be reevaluated years later in the proper 
environmet lndar now provm to be useful pasture plants. It is 
necessary to know the liiits of the climate and soil environments 
of the a'eas chiosenr for iiiprovemonit. Once thes, are known, then, 
and only thuL, should leguie collections be made in those parts of 
tire world in which similar soil and climates occur and which are 
known to have legumes that :frghit e util ized in tie new areas. 
The contributors emphasize the fact that adequate information con
cerninlg the collecting site be oitai ed along with tire legume and 
its roOL-nodules. This includes a good description of the site,
tire soil, and tihe climate. The root nodules must be crilected to 
ensure that the associated Rhizobiur necessary for nicrogen fixa
t ion are brouglt to the new regions where they do not exist. 
Wiithout tile proper Rhizobium many potentially useful legume intro
ductions have been discarded in preliminary evaluation trials. it 
is absolutely necessary to test acid-soi -tolerant legume strains 
in acid soi I environments and alkal ine-so il-tolerart legumes in 
alkaline soil environments. Tre contributors point out the fact 
that there are strain differences within the same legume species. 
Stylosanthes haiata, for example, has strains adapted to acid soil 
environmrents as well as alkaline siil environments. The alkaline
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soils-adapted strains do not grow well in acid soil environments 
and vice versa. Preconceived notions that these genera are speci
fically adapted to either wet or dry environments is erroneous and
 
is based primarily on the adaptation of the few lines evaluated. 
Centrosema has been described as being well adapted only to warm
humid regions of high rainfall. This is not so. There is a tre
mendous amount of variability within the genus. Al hough Centro
sema punescens is primarily adapted to the wet tropics, it has 
been -li]cted from 500-60O-mm-rainfall regions on the southern 
margin of the Guajira Peninsula of Colombia and from areas above 
1000 m altitude near Santa Cruz, Bolivia (13S). 

The contributors emphasize the need fur the development of an
 
international geraplasm center where collections can be kept and 
catalogued accororg to sLdrdard procedures. They point out that 
national, regional, or local conditions seldom permit widespread
testing and evaluation and that quite often (iateri,31s that are 
tested loca ly fail to perform well and are discarded wsien, in 
fact, they may be suitable in different environments. It is dif
ficult if "oL impossible for any one research center to rmaintain 
materials that are of no current practical value, hence the need 
of an international center to perform the function of long-term 
maintenance and storage. Without such a facility, we are not go
ing to be able to meet the ever-expanding need for food in future 
years. There is an urgent need for well-organized, multidisci
plinary collection programs to be established in tire near future 
in order to rescue germplas fromt areas that ire rapidly being
taken over by expanding rural and urban development. Many valu
able collection sites will be overrun and germplasm lost if con
certed efforts are riot tade to collect these materials. Proper 
collection and evaluation procedures must ibe followed. The con
tribrtors c.phasiz, tire rrgerit reed for botanical/Laxooric evalu
tion in conjunction with agroromric evaluation. Botanically,

these genera are not well def ined and have been poorly col lected; 
existing col lections do nt centain specimens of all the species 
that were collected and in fact are highly truncated, se much so 
that they do ot cover the range of variat, ior present in the spe
cies described. Consequently, agriculturalists using existing 
taxonomic descriptions become puzzled and are quite often confused 
as to the proper nomenclature; in the evaluation procedures, they 
often add to the existing confusion. A strong plea is made for a 
tiultidisciplinary approach for collect ion procedures and for taxo
nomic and agronomic evaluations. Such an approach requires a team 
effort--a team composed of taxonomists, agronomists, and ecolo
gists--using modern computationa1 techniques for comp.lex analyti
cal procedures to provide adequate interpretation of data. 

In evaluating plants for pastures, primary criteria are ani
mal performance and tire ability to persist in difficult environ
merits under a wide range of management conditions. It is recom
mended thrat accessions are not discarded if threy are found want
ing. Quite often they may have other valuable attributes such as 
disease, insect, and drought resistance that may he transferred to 
more desirable agronomic species through breeding programs. 
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Alhugh these 'essays~ are~lirnited inscpe,-we hp htsf 
ficienit -interest will,: be stlmulated to :'carry, ot ntensiv'e
r~esearch progrm Anftrop ia'1 egLiies- for pasture, dee'0etTroical pasture ,egume Ideveluopf' nt in~mc~f'h 1 ~i t 

an4~b~o(te,ndK rKt eas of 	 ecles;Yptlsnt
cotetnoib
ca bei 	 er< ' 
of relIe asedtc vltirs of-7tepr at gies uch astwhite-clover. 

,(Tif~iumre nsha man cutvr vi~b-'w1 eedvl 

iCONERNS 	
s"AND 	OBSERVATIONS 


~'" 'We shall not attempt 1to'list our concerns and observations, in --

Sorder of priority for two~reasons. First, we are to some,.extent, 
Sdealing 
 with; an -unknown isituation; priority listing'iwould- thus3
tend to be subjective. Secondly, interestedjodes ill tend to ')have-their own priorities determneidjb~6ll~fuutet
staff,,equipment, and so forth. 2We sal, "simply, ,therefoe,,ilist.', 
areas that lwarrant further. study,"-the, order 'in fwtbch they" appear -'-t 
being determined by the order~in which the subjects arose in~vai-~ 
ossections.~-

Taxonomy and Description' -; 

-In tropical pastures 'we' are largely,-,,but not exclusively,~
dealing with :asystem in which legumes fro6mSouth and "CentralA .,
America are being mixed with African gra'sses,1 and, sown throughout 

'' 	 the widely scattered tropical world. Good' comimunication between3 ' 

workers , n,the field is .essential,; taxonomiy provides the basic.' 
language for communication. ~ ~ ~ 

l We have'seenthat there are parts of the system that -are mal
funictioning,' and'3there are several resn fo ti.,Smtms

ias in examples :mentioned above, we~have,,the same 'plant m~at'erial
 
given -different. taxonomic' names- somebody in Africa cannot- find-' 
anythirig in the'2A'ustralian~ literature 'about Stylosanthes. boei 
the name has been superseded, first:.-by S. _________ andt en bTS 
fruticosa. Although relevant work' isbiing done, he does 
not 	have"'
 
accest t There' is an urgent ,need',to revise genera 'that are ' 
now of tremendous importance in the :tropics. Indoing so, taxono
mists should -be aware obfthe, needs' of. agronomists. Tropical spe
cies can be very diverse, 'containing forms adapted to a,wide rang ~' 
of climatic andecological coniditions in addition to displaying-an' ~ 
array of agronomic phenotypes- At least some of this information
 
should be built into taxonomic descriptions.
 

Plant Collection
 

We have already commented about the deficiencies in this 
ara however, we note that information obtained at the time of,'--"~~4

$.Pcollection cap~b usfli redicting areas inwhich the material
 
mightibe CLsefulI 



'~'Rhizobial C1e1&n2Un "''ct-

<~Legu~mes need -'to,- be' associat ed 'with rhlzob'~"f they "-arei to Afl,x nitroge';iThIer - -to-alterrjitivesttegie .s_ to eniure~~ 
~this FiFrst se ec ' ns-ht unto fetvl :with 'the' 

Propia or -range and _T": o Iatings , before sowing provides :immediate -benef its 4a thiough It,may rbt -be' 
long'-lasting'. 'Rhizobia inoculation'would; hdwever,.'be very, appro

'~priate- in~a,cropped ~situation, and. mayl be, necessary- n areas-. in~' 
<which &ertajn ~legum~e have' not been grown oreviously(e;U-ntro
duto o oeCnrsm spp'. -into Africa) Reen evienc
S'Ugests th'at :different' soils pa~y be' asoiae wt.'pe'ific""'~' 
types ofrioi n so it is essential thtlg colcin"inthe field must also'involve samnpling'the local RhizobiuW. '4. 

'Adaptation--General -'U -

Different legumes -are adapted' to, different edaphiC and cli-" 
matic;:conditions; a species that .grows well -in-one'set. ofoni 
tions'rnay die inanother. Ijt-is'imnportant that we carefully do-~. 
ment the various conditions leadinig to better legume survival inaiI.> 
new environment. With' this inomtothe 'ch'anc'es of sowing''er-;'
sisternt legume pastures are enhanced.>,~''~ 

'Ifsuch work is to, be-undertaken 'theni'we needs to rethink the, f4 
strategies available to~us.; We can, for example,' use information J 
-from Stylosanthes to illustrate this.. In Auotralria, with 'SoiTS n'*'i 
the neutalpHTrange both S. caitata' and sc3me' forms of S. hamata"','
failI. S. scabra and th cdl~igfr of". hamata survive and '' 
are selected'7or commercial 'distribution. -In-TF571anos,',with41j
soils''of 'very'low pH, S. ca itataK'thrives"'a idemphasis is placed "~ 

on'this-,species but':thET'alF-Iieflorm of S.hamata perform',poorly,"'
and 4 S cabra is decimated by 'stenm-bores. 7n the West Indies,
only the aTkaline form~of S.- hamata survives on alkalin~esoils.
Each intiute,therefor, slcsdfrent'materil1 'for 'it ow
 

2 It is therefore necess'ary to, establish rel~evant 'gene'pools, Sys-"4' 
tems of commnuni'cation (inclu'ding' plant descripti'ons), and: methods ' 
of selecting the"'material' for study' <Methods -for itgaigte
resultant data are alreadyavailabl 4" 'itgatn'te"'
 

'4 Adapta'ion--Soils, Climate ' -

As the' intensive~study of tropical legumes and of' thei'rin- '" 

,troductions isrelatively recent, 'we have very'littlei information '4" 

on their' adaptive' characteristics. Al though, for instance," we-4""V2 
find that Stylosanthes' isregarded as being-suitable for infertile 
conditions nd enitir'ema 2for more fertile situations,~ there Ii:~4',
'little, documnc. evienc t cofim tes 'facts'. 'Most of the 4 
information",on'leg'umes comes from''agronomic or~ mineral nutrition
 
experiments carried out 'with a narrow range of, genetic ,materi al.
 
Similarly, we have little information on the physiology ofths
 
plants.' '
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Plant Improvement
 

There are two well-known complementary methods of improving 
plant adaptation: by plant introduction (utilizing material 
adapted elsewhere) and by plant breeding. 

To date, plan! introduction has provided all but one of the 
commercially availaule trupical legumes. Provided suitable pro
grams are undertaken, this is a less costly, fast way of roviding
 
plants. There are many areas for which adapted plants are not yet 
available, arid so an introduction program would be preferable be
fore attempting plant-breeding programs. In some instances, where 

there are reasonable collections of the species of interest and 

where oujective, can 1e clearl'y defined, plant introduct ion may 

ra A Mo of dImininninq returns. 
It i t ait.ia ,iu Dt Olen incre asingl y COili1101 as our col lec-
Sqruw. Thr' in .arieed Io prela;e for ls tine by examining 

q H, - irnipS within tomeit the species and genera of in
trcI ; W kiowledlo wi I I expedite required plant-breeding pro
(r 1St -. 
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1 
Introduction 
J. L. Walker 

The developing countries (located largely in the tropics and
 
subtropics) have had difficult problems in the 1970's, but some 
progress has been made. Per capita food production by individual
 
countries has not greatly increased in that period; because al
though total food production has improved, it has not exceeded the 
rate of populatTn increase. Total arable lands increased in area 
about 4 percent between 1970 and 1978, but total population in
creased about 19 percent during the period.same 

Raising the agricultural output on arablo lands, is indeed
possible, as numerous local or regiona1 tests on the value of im
proved technology and superior managerent have dernstrated, par
ticularly in crop production. The additional potential for in-
creasing total agricultural output, by bringing new grazing lands 
into production, and by significantly improving the feed supplying 
power of such grazing lands may be more effective in raising agri
cultural production than focusing attention only arable lands.on 
Ilmprov ing the pastures established on all those grazing lands thai 
r eot suitable for crop production, has received little atten

tion. This volume explores the dimensions and nature of tropical 
pasture iprvoin, for the production of ruminant livestock for'
th ir Meiet ard milk products for man's benefit. 

i majio factor in pasture improvement is the introduction and 
dcrTssi luanagement of permanen legume species in mixed swards 

ut adapted yrassen and 1equies. The total benefits of utilizing
adapted legume,; are still being explored, but the results of re
search and ield experieice to date may be summarized as follows: 
(a) legumes substartially increase total feed production, (b) le
gumes fix large amounts of nitrogen through the action of their 
root nodules, and thus may 1arge1y or completely obviate the need 
for nitrogen fertilizers, (c) tihe mixed grass-legume forqje is 

uich richer in protein than grasses alone and provides balanced 
nutrition to grazing livestock, (d) mixed sward is effective in
progressively enhancing soil productivity, with additions theto 
soil orgaric matter and concurrently producing a more mellow soil 
structure, and (e) mixed sward is generally more effective than 
grasses grown alone in controlling rainfall runoff and in provid
ing resistance to soil erosion. 

3 



It should be stressed that in order to obtain these important

benefits from the use of permanent legumes-grass pastures we re
quire an understanding ot their growth requirements relative to 
the requirements of the grazing animal. The wide ranging reports
of research on the permanent forage legumes that are summarized in 
this volume, provide a haz s for such effective management. When 
widely implemented, improved pastures should prove an important
method of increasing total agricultural productivity on land not 
suited fur cropping. This should contribute significantly toward 
attaining the self-sufficiency in food production desired by every 
developing country.
 



2 
The Need for Animal Protein 
in Human Diets 
J. L. Walker 
P. P. Rotar 

The provision of adequate quantities of dietary proteins of 
proper nutritional quality for man is one of the more difficult 
aspects of the world food problem. Provision of adequate quanti
tiei of animal products is generally conceded to he the ideal way 
to improve world pruteiii nutrition (Altschul, 1965). 

The human nmanism does not distinguish between aimino acids 
of plants, animal, acterial, or synthetic origin but human diets 
have a significnt requirement for ,nimal proteins that cannot be 
met with plant prot.ins alone. the inadequacy of plant proteins 
in do, to their limited content of o-tairn essential amino acids. 
For h0a1 (11 0t-, cert ! grains are generally deficient in the 
enential -, a .: . ly.in, and tryptOphan. The grain legumes 
are g I, i1 tQ : ,r ino, acids0enerall i 1Sentidl methionine 
and cys ine. IIyy ri i ,l proteins ar icher in the amino 
acids plenen! in , oputimil 'iil s i ll lanit fon . It has been 
determined thait,Se< 'i-I by providing
humandl 14- ,!dequately/balanced 


about 15 ptor n t of totail pro!,ain , I iii llnilal proteins.
b:ovr notply, Oue, duma l pr,!,irns mie CaH-I,tro mieat, milk, egy]n" 
(or t i';h. Of tn l'a, 'u and Hil r oft iciently predoctedat: by
 
jrj'zin on andiranyu{l ards.
ii l ivp<;ock: pa ,tur,-s 


Inl ,, 
y tl fac*i u la ii~iil let1ary ,i diff iciit change. 

I'iee I e)d neels for quality pro100.11 is comprliicated 
I I ' 01 hakbit:- e to 

llum1r II i 1 t.1 with properlye Ae ty sipileenitedJ processed 
0is, u'. icrc pir o ill, synti/ howeve r,it, ial , l tirs, strong 
linefe t1 ,, h0v,0 ,veleop d for tradition al food . Consequently, 
peole are: eXtremly re'litLant to ac((1ptllwhat they consider to be 
aeSheI.ic i. infeior snusm. iOt s. fn the contrary, allila1 pro
<,acts aYe higohly dM iredi onA m- rea3ly eaten by most people 
throughout the world, consequently it is not realistic to ignore 
the potential or expanding the production of animal products to 
meet some the needs high proteins. theof 1orld for quality In 
long run, A. Hay be far easier to 1icrease anim-l production in 
certain ale,ea'; tha to alter ingrained food preference patterns 
developed over mlly centuries. 

The diet of the poIpulation of a country can be categorized 
generally on the source and caloric-protein ratio of food and on 
the incidence af Kwashiorkor, a childhood disease leading to men
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tal retardation, caused by protein deficiency. There 
are basical
ly three classes of diets: 1) those containing relatively large 
amounts of animal protein, 2) those in which most of the calories 
are derived from cereals, and 3) those in which most of the calo
ries are derived from fats, sugars, or tubars or some coibination 
of these foods. Proles with th riqin animal protein diets show 
no signs of protein oralnutrition, those with toinly cereal diets 
may show some signs of protein def i iiercy depend iro upon the qual 
ity of the cereal oroteir consume. and those with diets consisting
primarily of fats, sugars, or tubers ouffer fromt low level of pro
tein intake an, show w'll-markrd signs of protein malnutrition. 

One may ask the quetion is there a protein deficiency? Mal
adies or diseases caued by deficiencies in the anount or charac
ter of the protein intake are widely recogtized under a variety of 
n atties: 

Kwashiorkor - tietral Africa
 
Infant i l ellagra - Soutth Africa
 
Fatty liver tispas, n r stga baby - Jamaica
 
M'buaki - Conrigo States 
Nutrit ionat dyst rophy -, nutritionral oedema syndrome - India 
Distrofia pluricaren ial iifantit - Latin Ameria 
Culetrilla - 1xico 

Calculatio .; t Aertle protein coi'iritpt ioi iii Many areas 
fail to reveal ny p eat dIicinency ir the quantity of protein 
available. ProtLei i (ttitrn and indeed does ini Cii exist 
Spite Of aCit t I I per capita cnsounp ioti igures which indicate 
rio deficiency. Karhierkr dne, exist is a discase entity. 

The term"aii ral protein" is ,ftn u'nrd t(i miear high quality
protein, iti should only he t1,40 a: a desigpLio oif the source of 
protein - qutliy tehpencen. on the anin acid cominsii being 
tion. Priteki trom aniw.l sources are of hiii quality because 
they conta in more K cer'tai eSvLiri tt uit acids than do pro
t ins from plantt . This asp.tt . nf quality is illustrated from a 
ctopar is,on (a the ielai ve aioturuts of essential ainino cids in 
selected foods (Ta10 1.1). The nounts are compared on a percen

if) g h art, i acid 

that is abouiiti sam thet t ii roqtui try rtman.
 

Itge bar is to trtose e ,nis a ns n coMlposition 
ctrOmp as be 

Ai iformaii ve way Lo eval itt the problem if protein defi
ciency ini humuant dit s its to contptre arn ial protein consumptio n and
 
the phys ical qriiliy of life in tropical courttries (Figure 2.1).
 
Anitnal protein 
 figures are compiled from FAO statistics for the 
year 1975 and published in tihe FAI Pr oduction Yearbook. An imIal 
proteins u i atii, mitk ind cleese, but riot fishr protein. The 
figurt-es are in graSir: pr tt'in capit<I a y imi are based on d percen
trage of all meat, milk, etc., produced. Tie percentage protein 
was der ived frim i i by lnivers ity offgures suppl ied the Hawaii Food 
Scierce and Hummair Ntutrition iepartmterti. The FAO figures, althougir 
not exactly the sate as those generated by other agencies (e.g.
World Bank), do produce the same distribution patterns and have 
the same outliers. The PQLt (Physical Quality of Lfe Index) is 
an index generated by the Overseas Development Council to measure 



TABLE 2.1
 
Percentage of Ideal Concent-ation of Essential Amino Acids Observed 
in Typical Proteins
 
(Using Egg as 100 Percent)
 

[Percentage concentration in whole egg protein]
 

Histi- Threo-
 Leu- Iso- Methi- Phenyl- Tryp-

Focdstuffs dine nine Valine cine Leucine Lysine onine alanine tophan
 

Beef 
Fish muscle 
Soybean meal, low fat 

157 
124 
138 

90 
96 
80 

73 
86 
76 

87 
106 
89 

84 
105 
97 

141 
148 
!11 

84 
100 
53 

70 
79 
95 

92 
109 
127 

Whole rice 
Whole wheat 
Cottonseed meal 
Whole corn 
Peanut flour 

81 
100 
128 
119 
100 

78 
67 
61 
76 
57 

88 
62 
69 
76 
66 

91 
78 
67 

167 
79 

84 
64 
64 
103 
66 

52 
44 
57 
38 
57 

106 
78 
53 
97 
25 

89 
91 

107 
89 
88 

118 
109 
118 
55 
72 

Dried roast beans 104 79 78 78 89 105 62 89 73 
Sesame meal 106 81 67 70 63 38 53 78 93 

Report of the Presidents Science Advisory Committee. 1967. The World Food Problem. Vol. II.
Report of the Panel on the World Food Supply. U.S. Gov. Printing Office, Washington, D.C. p.
 
315.
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Figure 2.1. 	 Relationship between animal protein intake and tle 
physical quality of 1ife for 95 developing countries 
in the tropics. (Each data point is the summation of 
several PQLI values.) 

how well societies are able to satisfy certain very elemental 
needs of the very poor. It measures on a scale of 1 to 100, three 
indicators: 	 life expectancy, infant mortality, and literacy. A
 
composite figure, an average of the three indicator scales, is 
then given as the PQLI 1 

lInformnation 	 for the PQLI was supplied by Mrs. Florizelle B. Liser 
of the Overseas Development Council. For further information see:
 
The United States and World Development Agenda 1979, Martin M. 
McLaughlin, Project Director, published by Praeger Publishers, New
 
York.
 



The world has about 1.2 billion cattle. Approximately 60 
percent of the world's livestock are raised in developing coun
tries; however, these countries produce only 20 percent to 30 per
cent of the world's meat. The low productivity of livestock in
developing countries can be attributed to a number of factors, 
some of which have rel igious and cultural roots. The man reason 
that 2 rvestock are unproductive is lack of knowledge or of the 
failure to adopt scientific principles of disease control and ani
mal husbandry. If modern principles of genetics, nutrition, range
and forage management, animal husbandry, and disease control were 
adapted to and applied to local conditions, and farmers were ap
propriately supported by suppliers and processors, animal produc
tion in these countries would be increased greatly without waste
fully competing with people for food. 

The Republic of South Africa has developed an amazingly effi
cient and productive livestock industry even though the South Af
rican are confronted with most of the animal diseases and many of 
the adverse climatic factors found in the developing nations of 
Adri(.a. A sizeable portion of Australia lies in the tropics. The 
Australians have developed excellent livestock operations in these 
areas despite adverse tropical conditions. 

The potential for increasing world livestock production is 
great. Mlost of the major limiting livestock diseases are amenable 
to control. The productivity of the world's grazing lands which 
constitute about to-thirds of the agricultural land in the world, 
can be increased through improved forage, water, and range manage
ment practices. Yields of forages can be increased to much higher
levels. Providinii adequate d iets to livestock during all seasons 
wi I result in marked increases in production. 

Inadequate anil Anut,-t on is one of the tiiost important
 
causes of low productivity of livestock in the developing coun-

Lrie;. Animals, like mian, have nutritional requirements which
 

II he fulfilled. The ieed for proteins, fats, and vitamins for 
livestock vary with age, sex, rate or growt h, work performance,
and productivity. In primitive ';ystels of husbandry, changes in 
se.so and weather causes chariges in feed supplies which in turn 
caus nutritional levels to fluctuate often cyclically froii ade
quate to inadequate. Malmutrition, if not outright starvation, is 
common because of deficiencies of mirerals, proteins or total cal
ories. Natiwye veqptat,ion without improvement or proper management
and without some supplementation of required nutrients cannot sus
tain a produclive livestock industry. The provisions of adequate
quantities of essenltial nutrient.s during all seasons of the year 
is the key t efficient livestock p-oduction.
 

World food plarmers are often skeptical of the contribution 
that animals can make toward increasing world food supplies, argu
ing that increased animal production can le achieved only by di
verting for animal use, food that otherwise would be consumed by
people. Tireir arqumeit is t hat it is wasteful to feed animals 
plant products suc as titU cereal grains that can he consumed by 
man because of the large loss in conversion (70-90 percent) of 
energy from feeds to animal products. Whether or not grains suit
able for human use are fed to livestock, however, is mainly a 
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question of the supply and demand for other uses and cost. Pro
ductive livestock systems can be developed in the absence of cere
eals and supplements.
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3 
Grasslands of the Tropics 
P. P. Rotar 
L. 'r Mannetje 

urasslands he e long been used by humans for the production
of animal protein either as the sole component of the diet or as a 
supplement to foods of vegetable origin.

Over 60 percent of the world's agricultural land is nonarable
and suitable only for grazing. Animals are the only practical 
means of utilizing this resource for human food production. The
productivity of these lands could be improved greatly if modern 
forage and range management techniques were utilized. Even land 
classified as arable, will produce under certain conditions, a more valuable human food resource through the production of high
yielding forages for use as livestock feeds rather than being used 
to produce cereal grains for human consumption.

Substantial portions of tile agriculturdl land in tropical orsub-tropical areas of Asia, Africa, and Latin America are grazing
lands (Table 3.1). They vary greatly in topography, altitude,
soil type, natural fertility, type of vegetation, available water
 
or rainfall and climate. All types of grazing land can be im
proved and managed fir increased production. A highly developedscience and technology of range management has brought man.m-fold
increases in the productiviLy of grazing lands in developed coun
tries in temnperate latitudes. The development of new and ',nproved
forages, better use of present forages, 
 proper fertilization,

water management, and weed and pest control increase the produc
tivity of grazing lands and should be used more extensively in
tropical and subtropical zones. 

Little is known abtut many of the tropical irasses and le
gumes, especially about their potential as forage crops. Research

is vitally needed on these forages, their productivity, chemical
and nutritional comiposition, and on agronomic and cultural prac
tices under various climatic conditions. The payoff in food pro
duction will be 9r it if the results of the few research programs
underway in tie t pics are an accurate indication of the poten
tial for improvement.. In recent years consideraule progress has 
been made in the development of some tropical legumes Which, when
mixed with tropical forage grasses, increase their carrying capac
ity 50 to 100 percent. Production may be further increased with 
the judicious use of fertilizers. With these improved pastures, 

11 



12 

properly managed, the tendency for humus to disappear in a few
 
years is markedly reduced and the soils remain productive for long
 
periods of time. Thus the utilization of such tropical soils for
 
livestuck production results in the production of a valuable food
 
resource as well as preservation of the soils. This is in con
trast to the deterioration that follows currently practiced culti
vation techn iques.
 

Grassarids as a natural vegetation type are restricted to re
gions where trees do not grow bec ause it is too dry, too wet, or 
too cold. In dry areas they are of teo associated with fertile 
soils and many such grasslamnds have since been converted to crop
lands. This has iappeneJ in North Aniericda, South Anerica, the 
steppes of Asia, and the open downs of Australia. There is an in

creasing trend for grasslclds to be restricted to non-arable land 
because of population pressures.
 

The tiropics are geographiically defined as the areas between 
the tropics of (lancer and C'apricori, but when the subtropics are 
included, this in generally extended to 30"N and S latitude; how-
Vri, it is 1more appropriatQ to tdeI uint it e tropics and sub

trupicn accurd in to climate. his has bet i done (Section 1-6) 
following the Classification .c eme of To ll, 1966. 

1he are s wi thil the re evo.Iat. clIi iat ic zones wi th cattle 

ani d e f production ire listed in Table 3.1. These data 
were comnpiled in 197l1, frlm FAt) aml US)A st a in.ti , (t'Mannetje, 
1973). If the tital area uniter Lonsiderat ion 23 porctit, is graz
ing lands or piturs. 

P nttoir, lIinlpverle t Vrlion trOl the inI uniu of a legumi in

to existi r 1r,, wit.h or without fertilizer it a complete re
placement ii hip, Yit inq v.,git~at 1)n to th Iimproved grasses and 
legum, i rpluir, input s izers remainwhici 011111I f fert i ti pro
ductiwe. !h, lv, l1 at input ch., is dictcated by the operator's 
econoicii tio ln,'a s
N titu, Il ilability of inpu t - seeds, fertilizer, 

and prodJ iv' an mialIs. On i w (Ljsc aI e, pas ture improvelment 
caver mui& i n t.han 1 it' let if the grazing lantds of the trop
ics ( t Mann,ot 1, 19/b). t b'h (1976) rev iewod beef production 
in the tropi ci'l coic lulid L.4,1 pasture improvemcenit could in

crease beef i-rouction per unit ored of land six-fold. The lar
gest const, aint, to p II'urt diev lopment are lack of knowledge, 
capital, ntdmotv ivi n. 

With pasture imp1)r1i' i t. onl X po 'ivnL &i existing grazing 
lands, increased hef product ion oer init arei of land of A times 

the present production, total hefI preduction fro i both improved 

and unimproved iIra.in9 lands will ie Y percent of the total pres
ent production accordingi t the t miuli: 

Y , l ui + (A - l)X 

With improvehment of 25 percent of grazing lands and a six-fold in

crease in beef I)roductin per unit of area of land, total produc

tion after development would te 22h percent of that before devel

opment ('t Mannetje, 1978). Applying these calculatians to Afri

ca, Central and South Amierica with a total of 864 x 106iha grazing
 

lands, if 25 percent (216 X 10') were improved, beef production 



TABLE 3.1
 
Total Areas of Lind and Grazing Lands, Numners of Cattle, and Beef and Veal Produced in 1975 

Total Grazing Lands Cattle Beef and veal production 
Areas Ar :jj-

ha X 10 nd 10 b X 1) 1)(300 h 
qrazinQ ond 

1"00 -
Tonies per 

1000 ha 
grazing land 

Tonnes per 
1000 head 
of cattle 

Africa 1 

America--
1750 493 28 i13 230 14,)0 3 12.4 

Southern U.S.A.' 62 11 18 11 908 615 57 58.0 
Central America 2 272 81 30 48 590 1100 14 23.1 
South rnerica 2 1430 290 20 151 520 3600 12 23.9 

Asia' 762 31 4 236 7600 700 23 3.0 
Oceania---

Northern Australia 175 142 80 8 54 250 2 32.9 
Papua New Guinea 2 46 0.1 0.2 0.1 1300 2 20 15.4 
Pacific Islands1 9 0.5 6 0.6 1180 10 20 17.0 

Total or M.ean 4506 1048 23 567 540 7677 7 13.6 

1 Data coIpiled by 't Mannetje, 1978.2 Source: F.A.0. 1975 Production Yearbook. 
3 Source: U.S.D.A. Agricultural Statistics Handbook, 1976. 
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would be 13.6 X 106 tonnes compared to the present production of 
6.1 	X 106 tonnes. 

These calculations do not take into account the practical 
feasibility and the resources required. The improvement of 100 X 
106 ha of grazing lands would require IJO X 10 , kg of grass seed 

-and an equal dutrount of legume ;eed. Assuming that 200 kg ha 1 is 
required anmmually tor maintenance, the requiremnt would be 20 X 
i0 1torn es of superphosphate for estahl ishlneit and half that 
amount annually thereafter. Investments in labor and fuel would 
also be high. 

The iiga itude of the seed and rert, iri ,_o requirements can be 
put into perspective by comparirg them with recent production fig
ures. Queenslarid is the major producer of tropical qrass seed il 
the world and yet in 1974 it produced less than 2 X 10' tonrnes of 
grass and legume ssod i:cmbintred, Die weqtr pho phate requirement
for establishin g l(W X 1M hd pasture rs approachinig one-fourth 
the world's cornsiipti. oiti; h ioplihat fort i l iz rs in 1974 (FAO, 
1975). A;Snimu that qoild -ost HS 6) pr h,1 to ostablishilO it 
inproved pastur_, the toti l Lunt ,oul be 1S 60 X 109. Assuming 
a carryini ara it 1 y of e ii;nl I)!,, hai, iii underest imiat.e for 
humiid arias, the newl y -le oped patir, would support 100 X 1l, 
head 	 of livestock. 

These calculatio)ri,, inlicate lhat a il ,va lilocation of re
source; would he needed to upyr tiheIproductivity of a signifi
cant fraction of the (Ir in',l rid in the Lropics. However, tiiis 
should not he i I forrerit Io tie deve Iupiien, of test ing , and adop
tion 	 of tihe,rioriate imOproveint programms, as the cost/benef it 
results i ow. , v cidnt . 
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4 
The Unique Role of
 
the Ruminant Animal
 
D. A. Little 

The influence of tropical climates and soils on herbage
growth is such that the forage available to grazing animals over 
vast areas is of low quality for much of the year. In nutritional 
terms, this herbage can be characterized in the following ways: 

- it is high in fiber, which is resistant to digestion
and therefore to utilization by the animal, 

- it is low in nitrogenous constituents, from which 
animals derive their protein supply, 

- it is low in soluble carbohydrates, which constiute a 
source of readily available dietary energy, and 

- it is low in marry essential minerals, notably phosphorus. 

Huge quantities of such material are produced in the tropics,
and often much of it is burnt off during the dry se ason. It is 
virtually useless to man in any direct fashion, but ruminants are 
able to utilize it to produce animal protein and fat, comnmodities 
of immense value to man. In this regard, therefore, ruminants oc
cupy a virtually unchal lengeable niche in the production of human 
food, as well as of hides, wool, and other products. 

The efficienuy with which many of these massive resources are 
used is low. The environments concerned are often fragile, and 
subject Lu rWW change animal grazingica1 as pressure is increased. 
For effective utilization it is essential that the functional 
mechanisms anJ relationships between soils, plants, and animals 
are understood, so that the efficiency of animal production can bh 
maximized, consistent with preservation of the environment. The 
peculiarities of ruminant digestion constitute an integral part of 
this system. 

RUMEN FUNCTION AND SIGNIFICANCE
 

Food ingested by monogastric species, such as man, passes
immediately to the stomach where it is digested under the action 
of hydrochloric acid and the enzyme pepsin. In ruminant herbi
vores on the other hand, all solid food initially passes to the 
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rumen, a large sac, where it may remain for periods of up to 48 
hours or more. Many species of bacteria and protozoa live in the 
rumen, and these microbes actually ferment the ingested herbage. 
When cattle are fed relatively low quality material, it is not un
usual for the contents of the ruien to account for up to 20 per
cent of the animal's body weight, and about 10 percent of this ma
terial is the dry matter of consumed herbage. Thus the romen is a 
highly significant organ in terms of bulk, as discussed below, and 
also 	of function. 

The plant constituents of greatest nutritinnal significance
include both structural and soluble carbohydrates, nitrogenous
compounds, and minerals. rhe rumen microflora fermeat the carbo
hydrates to volatile fatty acids, which are used both by the ani
mal and the microbes as sources of energy. Before the plant cell 
contents can he use,l by the microflora they must be released by
breakdown of the fiber which encases them. This is assisted by
mastication and by a grinding action associated with mixing of the 
rumen contents by muscular contraction, but is mainly achieved by
the action of the enzyme cel lulase on plant cellulose. This en
z.yme is produced by certain bacteria but not by animals, which are 
therefore dependent upon these bacteria for fiber utilization. 

Plant protein is also broken down to a variable extent in the 
rumen, yieldiug anmonia, amino acids, and peptides; microorganisms
utilize a prinportion of these products in the synthesis of micro
bial protein during tih process of multiplication. Any ammonia 
not taken up by bacteria is absorbed into the circulation of the 
animal and comvrtred in LiN liver int urea, which is then ex
creted either in urini or - aliv,. The salivary urea, of course,
reaches the rumen again, whoe it is broken down by tine bacterial 
enzyme orease into mnid, which is again ivailable for microbial 
utilizatiOti. This serQ, of events clearly constitutes a process 
whereby the 0tmi11 recycle, otnmerwise wasted nitrogen to its rumen 
for potential r,-usp. 

Material flowing rln the rumen contains many bacteria; in
deed the procenses describd ensure that a large but variable pro
portion of tihe animal's protein supply is in the form of microbial 
protein. Oi reaching the abomasun (the animal's true stomach in 
the monogamtric sense) maerials are subjected to the usual acid
pepsin digestion, following whi;ich the absorption of anmino acids
and peptides, as wel 1 as most ninerals and fats, occurs in the 
small intestine. Plant fragments that may have escaped microbial 
degradation in the rumen are not totally lost ti the systelil as 
they ire subjected tL further such attack in tMe caecum. Vola
tile fatty acids produced and ansorbed there contribute to the 
animal's energy supply, but there is no evidence that microbial 
protein is absorbed from t large Ktest ine in other than trace 
amounts, and hence is if no qiont ilat ive significance to the ani
mal. A1mmon ia produced ini the capmcum is absorted, however, and may 
enter tihe nitrogen recycling sytLem mentioried above. 

It is the existence of these pathways ot nitrogen recycling
in ruminant animals that provides the basis of their peculiar suc
cess in util izing low qual ity roughage, by virtue of providing to 
the microflora a source of nitrogen supplementary to the low level 
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immediately available from the diet, thus increasing the potential
for fiber breakdown. This recycling is associated with another 
adaptive trait, the secretion of copious quantities of saliva; es
timates of total daily saliva outputs ranging up to almost 200 
liters/day have heen made for Lattle, aridthese quantities could 
well account for 10 grams of ured nitrogen or more. Although this 
highly developed system allows greater efficiency of nitrogen 
usage, the absolute aounts of nitrogen available are usually in
sufficient, to allow for" the iist efficient utilization of avail
able organic matter. 

The processes described are summarized diagrammatical ly in 
Figure 4. 1. The rel at ionship between the ruminant animal and its 
runinal iricrob ial )opulat ion is an excel lent example of symbiosis,
in whicin the microbe,; and the host animal each derive benefit from 
the act ivit ies of tihe other. 

Mrcrold celllsk:,wn~ usrn , ceikilase to orrlJ fhwx 

M&AII - afll COWTI1SAIIASI 

MUTlW---------- _ ,
 

LSE~~kS 
37cU DEUir 

Figure 4.1. Sinnpl ified representat ion of some aspects of ruminant
 
digestion.
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LIMITATIONS OF NITROGEN AND LEGUME APPLICATION
 

In outlining ruminant digestive functions, emphasis has been
 
placed on protein, because this is the nutrient most commonly lh
iting animal production intropical areas. Other essential nutri
ents also frequently in short supply include phosphorus, because
 
of very low levels of this mineral inMany tropical soils, and di
gestible energy, becanse the very fibrous nature of pasture spe
cies occurring in these regions results in their being poorly di
gested, with a concomitantly low yield of energy. Some feeds may

indeed be hroken down so slowly in the rumen that 48 hours or more
 
may elapse after ingestion before some portions pass down the gut.
 
Clearly such delays can and do impose constraints upon the total
 
quant ity of feed that an animal physically can consume. A defici
ency of any assenti, nutrient will limit feed intakr, and, there
fore, aniial produc ion. 

Solving problemsono f ow rates of inia, production becomes a
 
iatter of recognizing Lh, . ;L or nutrients responsible, and
 
of devising method s by wch the situation in the field might be
 
alleviated. Ai ovious approach to overcoeing the widespread
 
problem of insufficient dietatry protein is to include .3 legume ill
 
the pasture. Because of the re-latively high levels of biological
lv fixed nitrogen tiey c rtain,grazin animals clearly will bene
fit frim a diet that include s ch mid ri l.1 .ylosanties, Desmo
diumn, and hav heen used ,,it success in various
Centrosema all o 

tropical is
 

Arlorr approach has been to supplerment animals with a Soullrcre 
of alirlri , usually irea; a4 menLtioned above, tire rumenr icroflora 
use this to synlhesize microbial protein, which sulsequently be
comes available o t e arm al. For bacteria to do this they also
 
need energy, ihophorus, arid stfur which are often in short sup
ply, and tihe add ition of mulasses to the urea helps to overcome
 
thqse probleIs.h ih." majority explerimental evidence showsvast of 

that the oroa-miola"ses dpproach is of tangible benefit to grazing
 
animals only hen the availabl, feed i; of such poor quality that
 
tie lit aIita 1aing 1ody weight. On the ot.her hand, inclusion
 
of legumen in tihe pas ture ha,; sudlly been associated with large
 
incredses in aiml production durinig periods of weignt gain, as
 
well as ircreases or reduced Wis';en during more stressful periods.
 
These factors, in addition tol proln)tl s associated witih economics
 
and availability of supplements and their handling aid distribu
tion, emphasize te vital rle of pasture legumes in the improve
melt of animal prod lction il Whet opic;s.
 

OTHER NUTRIENIT PROBIIKS lit iH IROPICS 

Although the use of adapted legumes helps to overcomTe prob
lems of protein shortage, it tust be borne in mind that deficien
cies of other nutrients may then become manifest. Indeed, in any

given field situation of nutritional deficiency, it is rare for
 
any one nutrient to be solely responsible, and the interrelation
ships that exist between the nutrients involved are such that the
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actual nutrient primarily responsible may vary from time to time.

This introduces the concept of the first limiting nutrient, which 
is basic to the resolution of nutritional deficiency syndromes.


For example, as noted earlier, both nitrogen and phosphorus
frequently are in short supply in tropical areas. During the wet 
season when pastures are actiyely growing, aniimal production re
sponses to phosphatic supplements are often obtained, showi ng
phosphorus to be the first limiting nutrientat that t.Limp During
the dry season, however, concentrations of crude proLein in the 
herbage decline to leveIs where dietary protein becomes the first 
liiting nutrient. Although dietary phosphorus levels remain very
low, respuriles to phosphatic supplements are not o.lained at this 
Atie. uWens the protein deficiency is first alleviated. Thus the 
cr,-ru:t id"Kii icati o of the first, limiting nutrient, often dif
ficult, il 
 tiiell i Ution , is riecessary for the application of
 
eft icia t and .lot ivw supplement at ion programs.
 

The qero tylosa le i, wll adapted to the very low soil
 
plio",ihOii cprlnitilrl ; Kirijiiti in tropi talareas, atid 
 it ha< been 
wielli y - i iinhth ,owi aid nLiat pan tures. Not ,surprisingly,ve 

tiht phu phoritri cinitent of thiese planLts k relIt ively low, buL 
be
cautse of bioloqlical niitferi fix.ationl, thet cruide pro~teinl content{ 

i reas>onabl hig h. [Ioril ue lly,ti t t lr-zing ani al is oreselted 
S'ii iirnta , (ont W a f nt r'un lly wideing rtrt= ratio of rirrttrl to
 
ph, ,)h ' .i fi,'liri r, tnt r ii inutria lll i tplication is that.
if this 

tit( l it t i t a ijut , pr,;,vid ' a greatly increased potLe
1la1 fir stoi K oitairr d die t i rhinn first lii tinig rutril the 

P t I.phtt gl l t lilt' ,I] itin 
 lem with 

&f h->!lp m wl~l,, C i n-diitwith Whe iproteili fr'tlintilt hleg ille,. c-ould
 

ivnit thiis itl f phosphat

graL ly i n , ir lt p o ut'I .ini in if i-ilp irers. Marry fac
irivlv p~V
toris arej d inlexp/wit inq this; biLuaLion, howewer, antd this 

is air area t oor'y Ai i curent reSttrcih
 
(Itli tr roh I= ud , for
po P ii i 1 irck e ril e , lt factL that 

Ilgqriir d4- , tn ts i i t cumtru] It ecl at ively smiall aaourft of 
sodiuil Ittn i I n i rCiit ntCe , d f itC Pt cy of soditumii may be
cot ip arent, ,-qwiitili ro r ate uilltplitiiioiltat iei SoilIs low 
in nlourhti ., d iii litliv, to pose problems for the prazirg
 
nri.<l. A1Lht, h t 
 tur I olk in Whe plant may he adequate for
 

It'. ' I , iii-; ay h on low for nt
1 1 t, effici animiral produc
t ioll. I~ t a 1 ii-ta i i di-i it iel i- <, o - 0xa ilplOt(II m copper, 

e
co altt Im ils, , Wdi ,d with, ai t r, t -It l w ov s in tils, and the
 po w, ipl ,) nurrl n(,l' tt < r
i, ,,h(' p r), 1) 1 1),[e l an.' part lc ula grazinlg 

n itat lii hotilt , r'e iqu'ild, but n1ol f rt " corn siderr ifton of
 
tht-11) itn ',arrl'lt t h-'r '.
 

In citclt'iio , ii tie vit,l( Irit ity of lo w i.uity routghaqe
producl!d 1In t'l ipic 7 < ,,Il i- b)t oltiI zed , rt-ll flant al1lia ItS 

prov itih imi prt 't it a i t i-it doo rig{ so. Al tlio ll l rumintiant s 
ire tl I s tl1t , Li thi Lank by virtue of Li ir rllen funr t',n,
t h ieI imiiit t r1, , )eiized,r.-ci ndt we''l eed Lo wlork to al le
viate tihemi.Ni t'Ltotit thortael is nlyfar he imti'i important prob
lin, arid the i 1 Ills tin iti pastures of wil I adapted legumes is the 
r:ast pract iCl lont tterminiLhod of overcorlirlg this. Phosphorus is 
fhe iext mo)st tliiporttll Iutrliiit i mitation, and the correction of 
such deficiencies by ranipulating the plant through phosphatic 
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fertilization, or directly through the animal by the provision of
 
supplements, has been well documented. Economic and other consid
erations govern the degree to which these method might be applied

in any given situation. Much more research into all of these
 
problems isrequired at both basic and applied levels.
 



5 
Legumes in Action 
P. P. Rotar 

The family Leguminosae comprises a very large group of plants

widely distributeu around the world in environments of great di
versity. It includes small and large herbaceous plants, viny in
determinate species, 
and large woody trees. It also includes many

species of agricultural and economic importance, including, of
 
course, the grain legumes that find widespread use for human food.
The distinctive character of leguminous plants is that their roots 
may be invaded by bacteria of the genus Rhizobium which in symbi
otic association with the host plant can bind or fix atmospheric
nitrogen. The product of the fixation process is in part convert
ed to oacterial protein in the nodules which develop or the root 
system, but more significantly, most is available to the host
plant and utilized in the synthesis of protein in the leaves and 
later translocated to the seed. Leguminous plants in general have 
a higher protein content than non-leguminous plants. Legume seeds 
,similarly have a higher proteiri content than those of the nutri
tionally important grains such as whe!t or rice. It is the unique
capacity of the; legume to incorporal nitrogen through the fixa
tion procesv to levels above that L non-leguminous plants that 
makes tne introduction of legumes into pastures the key to the
production of more nutritious forage. Particularly this is true
under tropical coeditions and on soils low in fertility and low in 
capacity for supplying nitrogen. Soil nitrogen inadequacy can be 
met by app] ication of nitrogen fertilizer but economic considera
tions in tropi,-al countries may make this an unattainable expedi
ient. If legumes that are adapted to the environment can be
found, the product from grass-legume pastures can be of higher
protein content than grass and be stable asthe alone insofar ni
trogen supply is concerned. 

The ideal pasture legume would probably be a long-lived pe
rennial that persists and produces under all systems of grazing
mana4ement and under all grazing pressures. wouldIt compete well
with all associated grasses, have a wide range of adaptability,
and be highly productive in terms of animal performance. It would
also fix, in association with Rhizobium, high amounts of nitrogen,
be highly resistant insects diseases, and beto and easy to estab
lish from seed and/or cuttings. 
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Such is, at this time, an apparent impossibility. Every
tropical pasture legume tried so far has had some weakness or de
fect which has eliminated it from various locations or grazing 
situations. It is doubtful that any single legume or several com
binations would be effective in all locations.
 

It has to be real ized thai the management of grass/legume 
pastures for optimum plant growth and performance, ann the super
imposition upon them of grazing animals being managed for optimum
production are mutually incompatible situations. Animals grazing 
grass/legume pastures usually do so to the detriment of the grass/ 
legume component of the system. 

In addition to the above, a legume must be easiiy established 
under field conditions in either an existing sward or in a pre
pared seedbed. It is of little value to find out that although
the legume establishes and performF well under experimental condi
tions, it is difficult if not imp)ssible to establish and manage 
under field conditions. Once established it should be capable of 
eitiler regenerating itself from ,eed or by vegetative propagation.
It may be a relatively simple Jrocess in some situations to pre
pare a sat isfactory seed bed b / running a disk over dormant grass
sod prior to the onset of the rainy season, and to seed the legume
and have d fair chance for the legume to become established. To 
succesfully t lish legumes intor existing grass swards during
tie growirg sanon, however, is a formidable task. The rapid 
growtn rat of trhe grass will usually overcome young legume seed
lings unlen tire grass is previously set. back by overgrazing, 
strip sp, aying with herbicides, etc. Quite often such attempts
fail with con,; id rable ioy' of investment in time and money and 
with a totY di;illusionment on the part of tire operator for any
legume no matter how good it tmay be. There are no easy solutions 
to the problems of legume establishment: in tropical pastures. 

Legume persistence is related to their ability to maintain 
sufficient photosynthetic surface for continuei productivity.
Apical and axillary buds provide new stems and leaves. As these 
are exposed they are grazed and removed by livestock; it takes 
considerable time for regeneration to take place. In contrast, 
comparable buds in grasses are not as vulnerable to damage by tire 
grazing animal. The gross morphology and growth habits of grasses 
and legumes are sufficiently different to allow the grasses to 
have a competitive advantage over legumes untlder most conditions. 
Hence it is very important to manage grass/legume pastures in fa
vor of the legume.

The two examples that follow describe successful programs of 
pasture irprovement, are from areas which are geographically close 
(less than 150 km apart), and are producing beef for the same mar
ket. The same socio-economic conditions therefore apply to both 
situations. The two areas, however, are markedly different cli
matically. The reader is asked to note the effect that this has 
on the types of pasture development undertaken and the different 
species selected and used.
 



6 
The Dry Tropics-
The Kangaroo Hills Story 
P. Gillard 

Kangaroo Hills station is a relatively large (80,00 ha) beef
 
cattle raising property in the monsoonal dry tropics of northern
 
Australia. Average rainfall is 640 mm annually most of which
 
occurs between the months of December and April; annual potential
 
evaporation is in the vicinity of 2000 mm. Climatically this is
 
intermediate between the V3 and V4 climates shown in Figure 6.1.
 
The soi Is of the area were developed on shale and are deficient 
in phosphorus and nitrogen. The area is unsuitable for cropping 
because of the poor soils and distance from markets. Since Euro
pean 	settlement over the last 100 years the area has supported an
 
extensive beef cattle industry.
 

The native vegetation consists of an open woodland dominated
 
by Eucalyptus crebra. Originally, the grass understory was domi
nated by Themeda australis which still persists in areas where 
access of the cattle is7imited. The Themeda aust-alis has ben 
replaced by Heteropoqor contortus in most areas wh-cti are regular
ly used for grazing. Although the yield of Heteropogon contortus 
is high, the quality of this grass declines rapidly during the dry 
season. This acts as a severe constraint to animal production in 
the region. To compensate for this poor quality, stocking rates 
are kept deliber-ately low at around one beast to 20 ha. Perfor
mnance of cattle is still poor; cows do not calle every year and a 
branding percentage of around 60 percent is ccnmon. Bullocks nay 
take up to five years to reach slaughter weijmit of 450 kg live
we i qht. 

During the 1950s a solution to the problem nf poor quality 
pasture wa; sug~ht im the feeding of high quality legume hay. 
A1thouq,, this was successful the hay had to be transported over 
very large distances at a high cost. Limited quantities of hay 
are still fed to selected stock in the region. Another method of 
improving the nutrition of the cattle during the dry season was 
thc use of non-protein nitrogen during the 1960s. Supplements 
containing non-protein nitrogen have proved very useful especially 
for improving the calving percentage of breeding cows and are 
still widely used. However, supplements have not been shown to 
give 	a permanent advantage in the growth of bullocks. 

Improvement of the quality of similar native pastures has 
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already been achieved in other regions with a slightly higher 
rainfall (800 - 1000 mtur)(Shaw, 1965; Norman and Stewart, 1964; 
Edye et al., 1971; Ritson et al., 1971; and Winks et al., 1974). 
Townsv-lTe sLylo had been acc-eJLally introduced through the Port 
of Townsville at the turn of the and these experiments 
showed that its potential for pasture improvement depended largely 
on the use of superphosphate fertilizer. It had been spread wide
ly through Northern Australia along stock routes and was known to 
grow in the lower rainfall regions such as Kangaroo Hills. 

An experiment was established in 1965 with the object of dis
covering the extent. of' pasture improvement possible with Towns
ville stylo in the drier environment at Kangaroo Hills (Gillard, 
19/9). The experiment had treatments of tree clearing, superphos
phate fertilizer ard stocking rate; it covered an area of 120 ha 
and continued for 10 years. The results showed that Townsville 
stylo produced relatively poor yields in this drier environmtent 
and comprised less than 15 percent. of the pasture in the best 
treatments. The effect of superphosphate fert i 1 izer on both 
Townsvill style yield and liveweight gain was significant only in 
yers of above average rainfall. Tree clearing produced an in
crease it tiLetotal pasture yield in all years but the effect on 
1iveweigiHt gain was significant only in years of below average 
rainfall, Altqougr the growth of Townsvi 1le stylo was poor, the 
c 1eared od ferti lized treatments were able to support a much 
heavier stocking rate (one beast to 2.5 ha) than the native pas
tures (ore beast to 20 ha). Despite this increased animal produc-
Lion, pastur_? iprcvement with Townsville sylo in the dry tropics 
hos not been exs.ive. This was largely because tire responses in 
cattle liveweighi gains in most years were not large enough to 
cotipensate for the tost of the superphosphate fertilizer. 

The first real opportunity for pasture improvement by a le
g tut based techrology in this dry environmn t occurred with the 
U e of Stylosantites hamata cv. Verano. on introduction from Vene-
Mueld. runs species is similar to Towttsvi lie style but has the 
adv arige of being able to perennate under these conditions. In 
suiall plot experimnt Ls S. hatata had given much higher yields than 
Townsville stylo. Another grazing experiMert was therefore estab
lished at four site% (one iofwhich was Kangaroo Hil Is) to compare 
the potential of this new introduction withL that of Townsville 
stylo (Gillard, Wdye, aW Hall, 1910). 

Results from tnis qxprimelt showed tWat, under grazirg, S. 
hamata produced tie h igh tt legum yield at al I sites. At two of 
the sites, which had an aveage annual rainfall in excess of 850 
mr, however, the legute yield of Townsville stylo was also high. 
At these sites the liveweight gains of the cattle on the S. hamata 
and Townsville style pastures was not significantly different. 
This suggested that a legume content of' t weri 500 and 800 kg 
ha in the sward was sufficient to achievL high liveweight gains. 
Liveweight gains of the cattle on S. hamata pastures at Kangaroo 
Hills were substantially higher than on Townsville style pastures. 
The rate of gains during re wet season were higher en tire S. ha
mata pastures and cattle also maintained weight much longer into 
tile dry season. 
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Over the course of the experiment there were large changes in
the composition of the S. hamata pastures at Kangaroo Hills. In 
the first year the 
legume content of the sward was 20 percent, na
tive grasses 79 percent and Urochloa mosambicensis (a valuable 
grass introduced from Africa) less thn ]percent. By the third 
year of the experiment the legume content of the sward reached 67 
percent, Urochloa mosambicensis had reached 5 percent and native 
grasses were rTtice(- to-T- percent. In the sixth year soil fer
tility had heen substantially increased by the symbiotic nitrogen
fixation of the Rhizobium in tre legume roots and there was a vig
orous response by irwcloa mosambicensis which accounted for 52 
percent of the sward; the Tegume content wan 38 percent and native 
grasses 10 percent. This change in the species composition of the 
pasture presents a replacement of the native vegetation which is
of poor quality for grazing by a high qual ity pasture capable of a 
stocking rate of one beast to 1.8 ha and a turn-off of cattle of
killing weight (450 kg) after 2 years on the pasture. The major
cost of this leguie based pasture technology is the superphosphate
fertilizer. Experiments planned for the future are designed to
discover ways of obtaining greater efficiency from superphosphate
fertilizer in terms of pasture and animal production. 
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The Wet Tropics-

The South Johnstone Story
 
J. K. Teitzel 
C. H. Middleton 

THE ENVIRONMENT 

The Queensland DNpartment of Primary Industries Research Sta
tion at South Johnstone is responsible, in Australia, for all pas
ture research on the wet tropical lowlands of Queensland. This 
fairly narrow coastal strip of land stretches from approximately
16' to ]9'S latitude. Rainfalls are high, ranging from 1500 to 

ali:] a but pronounced, dry season (<100 mm/month)Nith short, 
3 months during the late winter and early spring. Temperatures 

are also high--the mean maximum and minimun at South Johnstone 
ei )G2 and 19C respectively. 'Low' temperatures (mean month

ly minimimi 13-15C) occur in the winter dry season. 
[Nese hi gh temperatures and rainfalls lead to high plant

growth rates. Consequently there is also a high demand for land. 
Crops, mainly sugar and bananas, are produced on the more fertile 
land. The beef industry is deployed on both the poorer soils and 
the more fertile, but sloping, land from which potential erosion 
excludes rups. Many of the poor soils consist of grossly infer-

Ile rosidual jranitic tond metamorphic soils which in the past
(see, for example, 51oarl, Owens, and Johnstone, 1962) were consid
ered to he useless. 

We hope to show ilow such ",seless," erosion-prone areas can
be made productive by the selection of the appropriate plants and 
u;e of the appropriate techrnology. 

PL \NT INTRODUMOCTIO EVALUATIONN5"i) 

The area that we have described supported forest (dense rain 
forest to sparse open forest) and, in a few small areas, grassland
cotaining Aristida, Imperata, Heteropogon, and Themeda. Even the 
ltter are agronomical1 ly undesirable, with low yields and poor
qual ity attributes, leading to poor animal performance.

Better pasture species were therefore required. Some spe
cies, such as common guinea grass (Panicum maximum), para grass
(Brachiaria mutica), and molasses grass'(Meinis minutiflora) were
already available. There were, however, no native legumes which 
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the use of 
these grasses 
 Atte ptrtilit dce 
inStheThe ate 1930s. . ttepts to introduce Such Plantsearly legumle usur' hadl f 

began 
Temperate, . •Tem e 
 sub- troparl cd, s rtested. and e gej~l trop iccalI u ide lines."h I I h from which
o2a , Swre to work .
.L itroducedCollec ton i ICs fti I ed andcunt d i 1 lrail,-i'
C.V tio 

Nod ( ,r eanyCor -., In tl& p1 .i.. "ti fiti s.,t? uea Ithrived, i ' iiand It eve,.'is "sIa o-f theseha troy,'CeQl), puer,1 
, I (t-'nt

i. 1 ,5-s- (Pt , dpdeC lles'I1W pubes" ,Ili I tLrp pues:,alop dlon 1ur 'i.ul)Ec eTcfor Inc oncAlpo, o id,wjeT,-D~uirig thIS 0 
iil ai stil widely u,(I.. 

de V 
eand t, ital)j ?fliltII as Lsd ut t proI thei1t50)4. owiichother Il'dyrdSUs m njudean ini sille 5 en o fI th ~ 

the 1930s sna ed I , .. HrL(1(11 I 
r ' 4llh s i ~leii lt Iv r eoe r,)-les) lea se dj (max.i.uil) an I • Juia,'ai' lica yWhe u gr ass (Pa nicul----:S.... u jl'Lu,,reii-ii hetropuiyi

By , ll l i)Tfft I II T, i hnc, umcrheter~I
developmuent ed wjrk"t L i was alreadyv, r- . liteni l suggest ing thait%i Is wa" Was fi, l. It was 

reaizemore iv .ha te st ab l i,sh Uh K WAe d ilVO t l j plannt "' Ilie l -i
dii ) h_,J~d dt tllI WIlil d pr 'iuc otoirlHI l i i i tuat ion and,tll I ijI' gr owt h .lthese 'All lW Inl tU Cn UIWIt t heLIt~v oy r ene'riwedit', 
leI, , di,ilet se~ason . 

I
uat i on NrII li 
st illplan i nlitroductiln 

With 
poedl L~A ' 11(11in tilhe and e,,Ithe 1 19 4 Eve i1111, w t WIy Licol "I plant liun l mateial itatiornsld,,' due imlgr'as5 oie, to theQOSC (iPan icaun ma3 ther e lack ofq'" ' 'wer ... rKI kk'1d !u c !s.,li ,,. , sara Mikw't a u! to . g inea.. " " (Cent rnso-l] i), h,'t sp. aftPil('' o rInd ', ,,, puf -Ii0 s " (nf.T'rt.. ll e i - th es qiiaLo I% ruplicompl r Ciil 

-1_ 
5 rnen-s-)

withinl the! dk rVr ' 
I INq I j,"1 F,.eql pedi ccmmmill, -: r i * " Abtdditionlllitwitnil iAustral iay, res;electicrlt ledi t r '1 ii in t c.% , 
 id/U,, 5v the cultiv.r"" Rivers date.pri %liIi i I c ,I dn " 
, i uri , I
I 


) J 
I I I % To r i 1 lilly

ll--hai mpo vei '~l iH4 ' t i -11- .1 '110, rtIpl n, -~-&.... l"orl.,, Irr i.a 
H )1 ,. P tic 

i]ritI) ', 
antj, . lgubm mlor' l(I ii

I ,t! capa]bleidt 
I ial'u ,Jiltbel 

i i d' n' ' ciIIljtf'i ' " producingI t n. , pi o ri'-b tiopicail 
 Spel'i 
 Ill' l"Niplan
t4 ' We 'otih 
 spe-

TlE P ,iMPOTANCE 
 i 1I S 'd0 L ... 't ij, , 
The 
firn ,t c tti
l fi l it 1 '.ut i I ized tile min i"l L,tL-y in thf ti i l o "reid .IV,, 'm:aliture , '4, andproble, pIr i'2i Ili' iti ir ' t,lt i,, yWhen 71aCnged -w paslarge tt- , l I ii' lildev lop t, it .or A] thefet i n. "t' sL_ 1960Sdevelo "Ch 'e e o mrl f e i tilt I,Jl,) C-OJlolt.Y e i-l op' were t-h creleasedFi forforo dlsidlly
ftlity do todud 2 lowlack otf'Pt soilTo rectify aroii (ho,lythis si respnsible.at ion tilere was a -'d, not only to 



~$.. 2*31 

understand' what, the fertility problems were ,and, how''to correct

~4'them', but" to communcate-.the~ results. ' to-others ,at~apractical~1ev

1C>First;the'nvironment:Was surveyed 'an~d major features ofth
'""'geol ogy', soil1 sV'cl imate, 'and 4vegetation 'noted The .results. wr 
~ then classifi1etol"oducea working framewok; agiven unit car

ri~ed iacertain' type of~vegetation, had a'cransiladciae 
'and was formed on a given type of rock" ""The "fertility'"df 'the'" 
soils.,in the uniIs was then studied in pot experimen,ts ,and .the-,"".~.~
significance''of 1the results wa ei~ld "vadate experiments.''

Subsequently, further field experiments to det'ermine optimum'fer-
tilizer ap'plication rates under commercial' condi'tions were carried 

' 

<Presenting the results for practical use proved to be a prob
lem; fo'r instance, standard soil classification groupings did not
 
represent minaral deficiency patterns. The. best method of~land
 
classifi'catiodn finally, proved to be one which~we might' intuitively
have sele'cted.' A 'two wayj'table isconstructed iniwhich the'natu- .0 
ral veg'etatiot ' is represented in thie coluimns and the parent rock, 
on which it'is'borne' inthe rows. 'The' natural' vegetation'isactu- " 

ally a good indicator of th geea ee'ffetlt n~h 
rV parent rock determines which specific' elemnents are needed; basal--',

tic 4soi'ls 'are low.in;P and Mo, and granite soils low inP, , a 
1 

S'', Cu,''an'd Z.I'<n Table 7.1 this framework is used to I show the4 
minimum quantity of fertilizer required, as determined experimen-'
tally, to successfully establish productive pastuires of commer-~~
 
cially used cultivars on a given land unit. QThe. species, recoin
mended, are listed inTable5J7.2.."
 

Nine years of com'mercial results have shown tha~t these recomn
 
-mendations work commercial ly..'Additionally,. because it has b'een~ ' 

possible' to order amass 'of complex'scientific information into a 
simple, readily understandable system, it'has bee posilet

~) communicate these results simply and reliably. This' work has been 
reviewed'by'Teitzel'(1979).7 ' ,' 

PASTURE DEVELOPMENT '. - .'' 44 

We have already indicated that the' natural vegetation of the 
area with~which we are concerned was unsuitable for animal produc
tion and required removal.;'Experience at South Johrstone,' under ~ 
Australian economnic conditions, has~shown that'thiis cannot be ~ac- ' ,14 

corppl ished using~the systems ofI slow ecological, change advocated' 
for the dry tropics (Figures 7.1 -7.10). '"The aim must'be, to 

Sclear and quickly'replace. the forest with a vigorous grs/leue
j mixture. 'Failure to do so allows reversion to forest Anrd 'to an'''4' 

unproductive pastoral situation.
 
'b Successful methods of accomplishing removal and replacement,

together with procedures 'to be avoided, ,have been.,detailed by I 
,Teltzel,'Abbott, and Mellor (1974). Briefly, the iland is,.cleared,
(or, plowed in the~case. of grasslands): at -a:strategic time. If""4'4444

~~plwing is 'done 'too' early, regrowth from underground Plant partsN; , 

~'joccurs, and ifclearing is doneitoo late the timber will not 4 dryV<"' 
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TABLE 7.1
 
Recommended Fertilizers for Pasture Establishment
 

Parent- iT
 
Vegetation 3-lsaY M-t-letaTorpI Ic Granite -M ixed Beach

Alluvial 
 Sands
 

Rain forest 250 P 	 250 P1 250 P 250 P 
0.5 Mo 0.5 ,1o 0.5 Mo
 

Scrub -	 250 P250 P 250 V 
50 K 50 K 50 K 
0.5 Mo 0.5 	Mo
 

Open forest 	 500 P 500 P 500 P 500 P
 
100 K 50-100 K 50-100 K 150 K
 
0.5 Mo 10 Zn 0.5 Mo 10 Cu
 

10 Cu 10 Cu 10 Zn
 

Grassy woodland - 500 P 500 250 P 
100 K 100 K 10 Cu 
10 Zn 0.5 Mo 10 Zn 
10 Cu 10 Cu
 

Paln forest -	 250 P 250 P 250 ) 
0.5 Mo 0.5 	Mo 

Narrow-leaf -	 500 P 500 P 500 P N.D. 
tea-tree 	 100 K 
 50-100 K 50-100 K
 

0.5 Mo 10 Zn 0.5 	Mo
 

13road-leaf
 
tea-tree - 500 P 500 P 500 P 
 P.I).
 

100 K 100 K 100 	 K 
0.5 M-lo 10 Zn 0.1, Mo 

N.D. 	 ind icates development of these soil s is not. recommended
 
-
P = kg superphosphate ha ' 

- i
Mo = kg sodium molybdate ha 
-
K kg KCI ha 

Cu kg CuSO ha-I 
Zn kg ZnSO h-I 

out sIff ic ient ly for burning.. The dried material i. windrowed and 
burnt, and seedbeds are prepared between the windrows. The prepa
ration required depends upon the vegetation cleared. In cleared 
rain forest little vegetation usually remains after a burn and a
 
single light cultivation may be all that is required whereas on
 
more lightly timbered country or grassland, deeper plowing may be
 
necessary to remove weedy 
grasses and woody understory plants.
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TABLE 7.2
 
Grass-Legume Combinations Recommended for Various Situations
 

Situation Grass' Legume 2 Mixture
 

Well-drained 
fertile soils Guinea-centro puero
 

Well-drained soils of Guinea-centre puero stylo
 
moderate fert ility
 

Well-drained soils of Guinea-puero stylo, 
or
 

low fertility Signal-puero stylo
 

Moderately-drained soils Hamil-centro puero stylo
 

Poorly-drained soils Para-centro puero stylo
 

i
 
Grasses
 
Gu! nea
 
grass - Panicum maximum cv. Riversdate
 

Hamil a Panicum mtiax imum cv. Halmil
 
Pa lrachlar a mutica
 
S i r aa rach iaria decuibeF s
 

Cer,, C netrosema puvescens cv. Belalto or 

Puer 0 Pueraria phaseoloides 
Stylo Styhloanthes quianensis cvs. 

hcrfield (:ook, or Endeavor 

However, care I It akon I avoid plowing too deeply and turn
in0g 4) tie hi ly inf rto ' nuh uo . 

Unmm cledr I, it in nae ysar.to estahlish as quickly as pos
ilt a jml grountil =Ct it elsired pasture plants. This not 

only o' ,I> Ilth0z1>sIt ,i helps to suppress the regrowth of 
ncl .irahl- soit n , bu.t 05n' tLds to produce hioh yielding pas-
it ' mit quickly . Lrqe mbri ,'is dre therefore aridat ts ot t sown 

trminlt & wow , plall> '> aid 
d iby "carificat io:t of 'ueds. 

t
lorulalioi wi h Nhizobiiul culture i ilereq'> y to ,rsote that 
lhe 0 4 . T oitr to *-i 'Cart.. If tO rih I the seed should 
on drilled into t I a] in 'samitiL<buug cases only aerial sow
0lilna' ht w i . c Lhe s.e>eI iriibl In all e, d shotmuld le covetred 

;m0-,ialIely aftler pl arlt i e thr r h r rllowing, rolling torby a 
heivy fall f ini Note' tioi i ked contrast to the less capital
and a )1 -iitom<iv rec;o'iln,.rhlat.ion- for ext iensive, dry-tropical 
grazing ar'ea, 

The early management of suh a pasture may be critical--the 
pasture is competing witth wueds, plants have no reserves, and, 
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(Note the rainforest and ceared areas in the back 
grobud.e) 

Figue 7L. attl ncedesribe asuseess
muterd fom lnd 


Figure 7.2. Rainforest crushed by a ball and chain puilled by two
 
bullIdozers.
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Figure 7.3. 	 tA good eed free establ ishment population of guinea 
alld puero resultiHrg from proper seed bed preparation 
and seod distr ibu ion. 

Figure 7.4. typical re,,.owo, to soperphosphate on an open 
sbrophyl 1 forest, sit.. 
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Figure 7.5. The tal vigorous pasture on the right of the fence 
was fert i ized wiLh P, Cu, Zn and Mo and is carrying 
3 bea.ts per hectare. The short pasture on the left 
was fertilized with P alone and is carrying 1.5 
beasts per hectare. 

Figure 7.6. Loading a solution of Cu, Zn and Mo in an aircraft 
for application to grass-legume pastures. 
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ZVI 

Figure 7.7. A well-balancei, adequately fertilized guinea-centro
 
pasture.
 

Figur e 7.8. Woody reyrowth on a pasture which has lost its comn
petitiv vigour through inadequate maintenance fer
t i Ii zr 
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Figure 7.9. 	 Normal appearance of a guinea-centro-puero pasture in 
a good wet seaison. 

Figure 7.10. A guinea-centro-puero pastire at the end of an 
exceptionally dry season. This well-fertilized 
pasture easily survived such treatment. 
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there is no 'seed bank' in the soil to allow plants to regrow 
should they be damaged. With guinea grass for example, grazing 
shc ld be delayed until the grass has set seed, or only light
grazing practiced if the need for suppression of the associated 
legumes looks likely. Differences between the species should be 
considered. Style is net particularly palatable in its early 
stages and is sensitive to hading so early grazig of the pasture
does not damage the legure. Oi the other hand, centre and puero 
are much more palatable and early grazing can kill them. 

MANAGEMENT AND PRODUtCTION LEVLL% it ESTARI ISoidEPASTURES
 

Ideally, two ,,crld lik pastre production tW parallel the 
needs of live;tock, lis, howover, is wrt the case; in the wet 
sea<wn we have extremely highriAt:n, of product.im (''150 kg dry 
Matter ha 1 day 1) declinin tW low s kg dry matterdlv ( 50 
hia- day - I) dur i g 1le :)hl e dry 'asorrl. 

There arp several way, to aipprotch thin prohlemr arid the irtlh
od nod dotrerrl,, 'er, H iive )r' '()iO-oOmOuch'n : c iorsry iderat ions. 
First, e c rn a.e st!, re tock in the t rryin capacity of the 
pa tinr during h dry p'ion M ichrrr%sou inr irrfficient utili-
Z' in f trh ',i' fo ,. n , rily, we (:ai a vrte part af the 
property 5) tho 'rodu't ini of wrt r died. Tep ra r r insersi
tive, pr trai qri4r,, r.-rt t ,j nitrugie, and locatedwi h bai 
fin the heav ier, do'ip r no l' (,h idl holdC u i better iii the 
dry 'a.oo)1 dr .,r it, hi' fir this purpo , tlirdly, we Call use' 
!PI,:Pt wh ih dro : <- qtInl ivl.i'! qq' (BJela lto c:tntro, Maku

niiiqrli i qris>, Ind W k i ,l .) Ii %4rrtlh trhiltone, a crihainra-
L ri Lh ,rid wnit hir ! , dt'ait ho,,; 50-1OO percentinn o 
hi st king, W, first Str-atety Ftourrhly, (applicoc; tili 1' 
aD' i t ih iro c l i r-' , v,'ecan ,,t1ipl it the diet of the 

uring qcith yu'a,w nal So 'W ir of i. with crop resi
(hue' . (,')nv-rsely, Yohu v iu yII pr'oduc tion could hs used to 
.to ri diii!z i- lotud Winlbtlher '1 s itl) act iin coniserved. 

Fin 1y, , r ii ilst i rrowthhi ilt io- t i tiLl t_" (if the 
p-j;tur b.7 -,_-]linlii catt le, the drieror .ainvini durinil cooler, 
irioitrhsr . t uso of 'ra,-t~icdl aind rrana.oerrort praolerus, tire last 
tWo alternatives w-' rarely utidii in i Airt:ral ian wet. tropics. 
In 'lrry trlpital a 'eas,where' high teuiterattireq and rainfalls con
tin throulqhrult ti' yearhe problemo f uneven feed supply does 
not exist. 

The stick.irq rat* riposed is dt.ermiiined hy ecororiic cone i
tions, as well i hy the com, ination which is;suitedtra'-s/ lterguuiie 
to the particular envirinrmiert.i E,cess ive stocking rates ( '5 
hea; ts/haI) dur iin the we L ieason when tihe trail ing legumes centro 
and puero sprea adut r oot, rdi ce the ly''tuaie' s powers of regenerd
tion and surv i vat . ;!r roepr ostrate, strongly sto oriiferous le
gumie (hetero) is favrred by heavy irazing which reduces competi
tion fr'orm the associated gra ss. Stylo is sensitive to frequent
and severe defol iation and at so to excessive shading from vigorous 
grass growth. Under fertile conditions the grazing necessary to 
reduce the grass growth might kill it. Fortunately, stylo has a 

http:product.im
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redeeming feature: it is capable Of good growth At very low fer
til ity levels. Under these toJndithos, "UteSsiw, ,gass growth 
does not occur. Similair ctun ideration, (althotl h less criL, dl) 
apply when wo con, d r the v ruu, , Litat d gr'ats' ,ecieS, but. 
those wilI ll.t.be Ii id.r J here.
 

With rlea hll o note th' vi ,rownti p h of We pa ture spa 
ties, toyb'her ,4,n thi+ W !Jifertilit y fmhinton!,Hito whicM] weW(' all
 

retionr hsu}tiinuitly, s' wi Whitan needed weednp)o ward .th, 

un tro I no" ot,pr it. t ic d a iWhit linq Iis .nd 1t inl thi pas

tLre tu bll rlt '0; inmy et -Li i(:icim.. "liani cal slashing or
 
chemical 1 ii IN) ho urviVo
:11,Ii weful. diaracterisLics of
 
the Ilhla' liii)Ip t'rltd,;t toa t chetmicl herbicides have
itm n l :htof 

bieLI tierilined.
 

AINT1EiANULi. t 401)L FIRTILIHY 

Elst,,l'er, in thi, book we hive indicated tile level, of nitro
jeni fixation which wie ,,'ijiit wxpect under South Johnstone, Qiu(e1sland Au%,Lril ia enFvironmenJtatrtl cod(it.ions. Abno]ute rates of nitro-

Yen M i onur,arn,mqlt Coun'idore'd here',) tINt W) ic ,ohjective is, in!

,
tMu , to. lind til l ill i ill ' ir Iequir' en t which will provide 

opt l itt , ' Ithit'h, i) i 'ti u . r1 it Lr()i t x '
t ion, -,i ,I , iti I 'i'',I,. F tIll it, i y, t It levo lIn wi i cll
 
s i tt ttfe I,I' itth t I l,t tlt- r, tqoi ittt t hevi o >i i t-e
 -' 

rasO ,, id tho t W rt I, o I i t'fy l- lifoP nat Lh r i4iiplrica

ti o rn t i a I c 'od a i -g i I I !s.1 tr i s ilr as, , ')ile ti 1 
oln c c a, 0 f i i i 1t 0 e wIo. r it ,,' ( prlc-L.iceq . 

p7'3ywhst lt t p1,l Init ! t) h it rAt), l col d, re ieiid toyde'c r Itbed "l ,.I .; , 1 1 ~ ! l,. ;i ',t . fuj I4,~ W I;, o-', ,)* 


wh0i'h to Uta t o ,rf i in t .llS " n r',tack ur. n't w,i, is
 
proiel t ;I',d- Actic 'n ) s qlagera5il +' w';ell n the
 pan+~ t ,laa d !I, if1 1011, : 1 t, i n ,ti!rt poi',,,I r itLiont 1r it . onr th-' ninut 

reqt irel'Tiint.",.itqa i[ t nal'<, wil1 1 > 1!tp jit,o ,a 
retad il~ I rltlic oh le 

fril,i k, t Jobe ietooil unercl' oh loert Ic 

LI VEST C PRtJl~tjIJ
UO,Uft i
 

WiohoL p ir devag laspsoiriont Wastre e,)l tli lite , viable cat
the igsratsy i Li. t w have eten decrit in 
 The atis. vei
etuhLio Wier lol suppor t Iart. The i, aevel for comparison
mutiS he){lIron thanq;, p~sturw; whicht couild hie developed with som fi l
 
the or'igina l grtoss< (p ar -as4, mlllIasgs {l)s , ,and quillea qrass)
 
oil I.li IlIanne [er't iI e so i I ,,. Prod ticCI. ito
n level,; were IoY (1F-at)Ie
7.3). _)uhs t. tL_;aapplic atior hag roqn be to ' I onOf iit. cou d tII iised 
boost pro~ducqt in"oni could cihangelO in stocking rate. Onr a whole
property level, s.:uchpra.ctice requtiret.s large capital rPoource4 and
 
is likely t~obe unleconlomical a;>fo-rtilizer prices rise. Inclufqion
 
of a legume in a grass dominrant pasture, although not giving the. 
high rates of production associated with haq nitrogen, has given 
mluch higher levels of animeal production. On a whole-property sys
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TABLE 7.3
 
Some Animal Performance Data from North Queensland Lowland, Humid

i
 
Tropical Areas
 

Stockinq rate Liveweight gains
 

(beasts/ha/year) per animal per ha 

(kg/day) (kg/year) 

Grass-' alone 
(Par&, molasses and guinea)AB 1.1 0.52 210 

2.0 0.42-0.58 305-415
 

Grass + baq N 

Guinei + 165 kg/haA 4.2 0.43 655 
inal 196 kgj/ha 4.5 0.54-0.66 870-1030
 
Jy a] + 196 kq/ha 3.5 0.57-0.62 690-740
 
1aoim'o ?_25 b 5.0 0.46 880
 

G ss + I 

Ij i 2.2-2.9 0.57-0.61 450-640
 
uinfi tin}o 2.5 0.52-0.65 475-595
 

Aq ),+,miri 3.3 0.63 760 
gi l t + t ro 4.1 0.52 785 

, hv, teen t.,kenri from experimerit.s carried out n dif
'1) 1 Irigd ditfren t stockitig rates, For general use0 wliw 

the co( rip ari in is.td ,;re soe; ib e tlho ti th grass aloe figures 
&2re cur over .B year; no fr:i pIst,.+es receivig grossly,.dc ini
adequat, fortiliz"Ir. 

.orpire rosu ' b e rm p',tr mo ni)earing the s&me capitat letter. 

Grasses. -eguiiic
= Paragrass br dchI i aria rlut ic a cen tro TenTrcela pubescens 

Mo 1asses = elinis miinut iflora glyciie Glycine wightii 
Gu inea grass-_ max hret.ro lsnioa- urhnreters- lumPatiCulm 11111 1i -hyl 
Signal grass Brachiaria decumbens 
Pangola grass Digitaria decumbens 

http:0.52-0.65
http:0.57-0.61
http:0.57-0.62
http:0.54-0.66
http:0.42-0.58
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tern, inteyraL ion of the winter productivity of bag nitrogen pas
tures with the economy of grass legume pastures is desirable in 
our present situation. 

These results have been obtained using sub-optimal fertilizer 
maintenance levels. Even no, the anirnal production levels obtain
ed for" o- r;,lIdare good tropi: par tirs hy standa rds (Norman, 
1974). Current work suggests that he use of better species and 
optimum fert ilizer levels can jive animal product ion levels of 
over 800 kq ha-J yr-1 on rain-yrOcrw1 pastures. 

COMMERCIAL PRODUCiIUrN ' ANDEFFIC:IENCY ST[ABILIIIY 

Soie tf Uitir , rirl hrt l techn logicil advances described 
above were fillowed by r apid, larg e-scale commercial development. 
At tie ot adoptio if, mach tho technoloqy was fragmented and 

at nl Consequently, therewhen used II, ci y in i ,latihn. 
have been a f,. predicilt la cisaers in this inhetently unstable 
ecoleogic:c area. Tho- have al," bee" resounding Commercial suC
cusses. ina c,: prubl , ir that c of"t majocr amltitude options 
are open 1:) ind ii i erperLy planner , ind dlI real ist ic op-
Lions preshe t ly avjilble requirec re latively higl inputs. Unfor
tunately, thiMaNAi,r tW little cbjcLl i gicidacicte in formulating
the miost 5it iIlLy ci 0Micciti prodciot synt'i ris for his paranod 


tictular csi pOf'hy , 1C l economicct it ii bicl~i and circu'starcee 
To he Ip ivcri, i,thir , iri I Vera3 I v Il and 

, 
Sccvei ecent 1r) 

inter-tel a ccitnhv cc-- cr bleriing tcc thidy )rodlctivi ty,atcc cscecl to 
efI i C I t a lJ nL4iiiI i ly i a i.rici t f he protiut ioi systelis
covering tli in! uic orn Ldnd- t n ;lctu.;tt:ai cI I he,;te involve the 
Ilin 1ton- inq Of acttua I cttcitit. ico irimdu t.crc </,1,c nm>, ph"y t:l rlod
ellinrq it raIi . porictieV irc Itr',, .O' iiit p n/s rvid ccviyoi.r modelling. 
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8 
Factors in Tropical 
Pasture Improvement 
R. L. Burt, J. L. Walker,
 
and Y. Kanehiro
 

CL IMATES 

Throughout much of the tropics, temperatures tend to be rath
er high, and rainfall may be the l)redominant factor limiting plant 
growth. Often, therefore, tropical climates are described in 
terms of their rainfall characteristics. To ease presentation we 
shal I initially fullow this which, however, is not totally appli
cable. Plant distribution and growtn in the tropics can be af
fected by temperature; indeed under other circumstances ability to 
withstand frost or to grow At ow temperatures is deemed to be a 
desirable characteristic inmany species. 

In Fi gure 6.1 (Chapter 6) length of wet season (Landsberg et 
al., 1966) iK used to discriminate between types of tropical clTZ 
nate. Not., that three of these types have dry seasons, lasting 
moreu than 5 months with .o effective rainfall. It is also clear 
that seie cont inents are more favored than others; South Aerica 
and much of Asia Lend to have long growing seasons, whereas Afri
ca, perinsular India, and much of Australia tend to be much drier. 
Austral a, in fact, has only a very narrow coastal $trip of the 
Wet types of climate (too small to appear on a world rap). 

To underst and the significance of climate on forage availa
bility and animal production in general, we need to study examples 
of more specific situations. A transect taken through West Africa 
passing fr o Equatorial Africa to Sub-Saharan regions, can be used 
as an eXaMple wher the need to produce more ,nirnal protein is 
recogizud (Figure 81). 

AL the southern end of the transect temperatures are consis
tently high, and there is little aifference between day and night, 
winter ard summer. Pr-ecipitation is high and, although there is a 
shnrt, dry season, moisture is stored in the soil and plant growth 
occurs most of the year. Moviri north, however, temperatures be
come more extreme with hi gher maxima and lower minima than those 
found near the coa,st. Variations can be quite large, and there 
are big differences between winter and summer climates. Rainfall 
decreases and the length of tlhe growing season shrinks until it is 
virtually non-existent. Even in those months with the highest, 
most reliable rainfall, there can be great variations. At Mopti, 
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Figure B.1. Climatic differences in Wcst Africa going from Equa
torial Africa to the Sub-Saharan regions.
 

Legend:
 

Mean monthly maxiMUM and minimum t~emperatures are plotted and av
erage monthly rainfalls shown in a histogram. Rainfall variabili
ty in tile month with the highest rainfall is shown by numbers in 
brackets and total annual rainfall inside the histogram. 
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Mali, for instance, there have been been recorded rainfalls rang
ing from 74 to 441 imm in August. In these situdtions there is 
drought or flooding.
 

Vegetation and land use vary dramatically with climate, and a
 
table taken from Whyte (1968) and modified slightly can be used to 
illustrate this (labl. 3.1). We nte that the vegetation ranges 

om nesert to raitforest, and that, in the drier regions grazing 
is the ma i n or only Ase made of the land. Where cropping is car
ried out, different su ites of crops are needed to cope with the 
differeit ciim4tu , froll srghm and millet in the drier zones to 
rice, tialat ,, tod ruhbbe in the wet ter zone . r IL,, is the home 
of virtual ly all of th qa,'e4 used for pastures throughout the 
tropiun mld, for fot Jr rt f e r erace , Solilu of these are listed 
dt Ai rl ii ,, it arn i i r )ntm l ,r whic h piroduceod them. As with the 
c rup,, t dr y ditt f tie-rr tii n ilen, of sp cie fo-r different cli
mite, For" complt. , tie rr.rruspiinding aranils of South Ajlleri
(-all Irjulh?', al t, at>, givol. South Afnt'iC is the reqion from 
.Oil mo'is t rop i l pa .Lre legJiles are likely to b forthcomin g. 

Tropicol post rs ore a c1 assical example of the necessity 
for internat ional Cooperation; we sow African grasses with South 
Amiiericar legqne, often to feed animals containing Brahmarn blood, 
from Indiia. 

SOILS
 

The chlarac teristics of soils are doterIlinec by the parent 
material, the cli miate and the vegetat ion through the long soil
formiint prui Cn. A wit variety of soils qccur ini the tropics re
fl c ing tl, ir ity of the eorvironments, contrary to some ear
lier IKlets in their urtifor'ity anti toe ttnpr'esence of laterite. 
A1 t iX -r011 I ,yt., ' i)f )i,i t lassIi rilf inn has Lpen developed 
(UiSDA, 19/t5) . i n ru ti zq the A. ioentdifferences between 
so i Is and i i ii h, i , f)r land i , i. itd narialelient deci
sioi . Fiqt r, 3' an. d i. (ad pired from Auherl, arid Taver
hietr, lNQ 1hln , , in bell, 19/9) show the distribhution of 
soil oroer .ilr, i !h t i' ri al i wono til . Far tihe purpose of crop 
productioin on! jr, i ,q II Iuse in the tropics the fioltowing 
nix ordtr s i,to t r'.i:tary interest: 

Ox i no,1 Ai f i s1 I Vert i so I s 
uI i i Lnt isol In-ept isols 

The re'nainiit' tiir trolder (Aridisois, Histotils, Molt isols, and 
Spodosois), fot 'voiu ' rw aa , play iirnor roles in tropical crop 
product ion. 

Frotm thi st I i tilt if freqi ,rrcy if occurrence., Alfisols are 
wot. cotmlon, f, llowedt by Ent iso S and Ircepti sols. Then the re
mainig f Uij , il iNots, Vertisois, ald Oxisols, fol low as a 
closely-ipoup biltnc h (I se I I, 197(.'). Froi the stdidpo int of 
total area, Oxiols are mist abundant, occupying 22 percent of the 
tropics, followed i i Ariiiso ls (13 percent), Alifisols (16 per
cent), tt istlls (11 percent), inceptisols (8 percent), Entisols (8 



TABLE 8.1 (Continued on next page)

Ecoclimatic Gradient in Western and Western Equatorial Regions of Africa with Main Types of Land Use,

Crops, Livestock, Grasses, 
and Legumes Adapted to tne Regions
 

Length of
 
Approximate 

rainfall range 
(mm) 

dry 
season 

Qncnths) Zone Veoetgtion 
Main types of 

land use Main Crops 

12 Saharan esert Nciad ic grazing 
100-250 11-12 SuD-Saharan Sun-desert Nomadic grazing 

steppe 
250-600 9 Sahelian Shrob and 

thorny 
Se-i-nomadic grazing with 
neginnings of semi-arid 

Sorghum and millet
irrigated rice 

savannan cultivation 
600-1250 6-8 Sudanian Tree 

Savannam 
Semi-no:ajic grazing with 
arable cultivation with 
fallows generally of medium 

Sorghum, millet, 
ground nuts, yams, 
maize, irrigated rice 

to long duration 
>1250 3-6 Guinean Woodlands-

deciduous 
forests 

4rable cultivation with fallows 
generally of medium to long 
juratin. Forest plantations 

Sorghum, millet, 
ground nuts, maize, 
irrigated rice 

>1800 Short Guinea 

Equatorial 
Closed rain 

for:st 
Arable cultivation with fallo;s 
generally of relatively long 

Upland rice, plan
tains and bananas, 

duration. 
for export 

Permanent 
and local 

trOe crops 
consumption 

yams, taro, maize, 
oil palm, cacao, rub
ber, robusta coffee 

Adapted from R.O. Whyte, 1968. 
 Grasslands of the Monsoon. Faber and Faber Ltd. London.Table 6 - Ecoclimatic gradient in western and western equatorial regions of Africa (used with permission).
 



TABLE 8.1--(Continued)
 

Approximate Length of 
rainfall dry 
range season Grasses + 

(m) (months) Zone Livestock 

12 Sairan -one camels 
100-250 11-12 SuD-Saa,-an Ca-,els, sheep and Cenchr-us ciiaris 

>cIe cattle Cenchrus setiqerus Erarostis curvulax 
250-600 9 Sa2elian Cattle and hee, ndrupoqon qayarius Eraqrostis curvulax 

Ce-nchrus ciliaris ragrostis superba 
Cenchrus setiqer-tus Dactyloctenium aegypticum 

600-1250 6-8 Sudanian Cattle with some kndr cpoon gayanus Chloris gayanax 

sheep and qoats :Eothriocliloa insculpta Digitaria decumbens 
irachiaria decumbens Diaitaria smutsii 
Brachiaria brizantha 
Brachiaria mutica 

Eragrostis curvulax 
Eraqrostis superbax 

Cenchrus ciliaris Panicum maximum 
Pariicum coloratum 
Setaria sphacelatax 

Pennisetum purpureum 
Urochloa mosambicensis 

>1250 3-6 Guinean Cattle depending Brachiaria brizantha Pennisetum purpureum 
upon absence of Brachiaria decumbens Pennisetum clandestinum 
tsetse, goats and 
some sheep 

Brarhiaria ruziziensis 
Chloris gayanax 

Setaria sphacelatax 
1eTinis minutiflora 

Panicum maximum 

>18000 Short Guinea Goats with cattle Panicum maximum Pennisetum clandestinumx 
Equatorial in forest-savannah Pennisetum purpureum Setaria sphacelatax 

mosaic or coast Setaria sphacelatax 
+Grasses of African origin (not necessarily West Africa) but 
used as sown pasture species elsewhere (R.W.
 
Strickland, pers. comm., 1978).

Those marked x are from and for higher altitudes 
or latitudes but have been included for completeness.
 



FABLE 8.1--( Cotinued) __ 

Approx imate Length 
rainfall 
range 
r(mm) 

of dry
seasin 

('months) Zone AIr can 
Legumes -

Soutn American 

12 Sanaran 
100-250 ji-1P 9o-Sah~ran Lotonunis nainesii 

250-600 9 Sanelian Lotononis hainesiiO Styiosanthes namata 
S. frU-cosa S. nomi IT 

0. scabra

600-1250 6-8 Sudar,, 5cire 'i- t i i Calonooniu" mucunoides 
LPt.on is inesi i 

allare 
r', iuETipV 

Jesmodiu intortum 
esmadiur uncinatu, 
anroup 1uin atropuroureum 

S. guianensis 
S. hamata 
S. nuilis 

Vacro)P5510u Tatniyroides ~ .scabra 

>125U 3-6 Guinean Glycine !.qhLi! " Cavolowonium mucunoides S. guianensis 
Lotenonis onnesi 
Tritec ium- S-PP.1 

-entrose:,a p-bescens
jesm.odiumr intortuM x S. hamata 

,acroptilium atropurpureum 
>1800 Short Guinea Glycin~e ,iantiP Calooqonium mucunoides 

Equatorial Desmo diu, in t-ortunY 
Centrosea puboscens 
_. qui anen-sis 

++Legumes of South American or African origin but used 
as sown pasture species in other continents.
 
Those marked 
x are from higher altitudes or latitudes.
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Figurt- 8.2. Soil orders of tropical Africa. 

percent), ind VerTLisol (2 percent).1 

Highly Weathered and Leached Soils 

Many of th, malnuLrition problems in dairy and beef animals 
in the tropics are associated with low quality pasture grasses
growing on poor quality land,. Poor quality lands are almost syn
onomoius wih ,joilly weathfered and leached acid-infertile soils. 
These sois are prdoiiirntAly Oxisols and Ultisols in Lropical 

ICalculated by N. DIrosdoff, Cornell University, on the basis of 
Aubert and Tavernier's (1972) wap. Data inSanchez (1976). 
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Figure 8.3. Soil orders of tropical Latin America. 

America, Southea't Asia, and Africn and, to a lesser extent, Alfi
sols in Africa and India. 

Oxisols. Oxisols are usually found on slightly sloping to 
level, stable landscapes in the rainy, humid-seasonal , and wet-dry 
tropics (4. 5 to 12 months with more than 100 mm rainfall) . Native 
vegetation ranges from high rain forest and a"'hropic savanna with 
vegetation ohiclh drops its leaves during the dry season, to savan
na and grassland with deciduous woody plants in scattered groves. 
Most Oxisols are deep, friable, well-drained but infertile red to 
yellow soils composed of colloidal oxides and hydroxides of alum
inum and of iron and other heavy metals, plus quartz. In texture, 
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Figure 8.4. Soil orders of tropical Asia.
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most Oxisols are non-sticky, non-expanding clays. These soils do
 
not crack upon drying, are usually well-drained and have the water 
infiltration capacities of sandy soils. Oxisols are usually found 
in association witl and share many of the characteristics of the 
Ultisols.
 

Ultisols. These snils often are found in the same landscape 
position as are Ox iso] s, though they may be found on steeper 
slopes of areas adjacent to those occupied by Ox isols, i.e. valley 
edges. lhe major difference btween Ultisols and Oxisols is that 
the former have a hurizen enriched with silicate clays within a 
short distance of the surface. Thi s implies that digging to no 
more than a meter in depth should uncover a horizon in an Ultisol 
containing structural soil components with not iceable clay skins 
or s ickensides. Since the clay composition is usually of the 
kaol initic non-expand ing type plus oxides and hydroxides of iron 
and aluminumi as found in the Oxisols, cultivation if the Ultisols 
should not he "ire diff icult than tihat required for the Ox isols. 

Alfisois. Xlois and Ult isLIs are Aten found in associa
tion with All isI with th, litter atso occupying stahble hut more 
steeply slopinrg irva than do thi-t' O Is. Alfi uls are more fer
tile Lhdn lIlt s K, andJ, in olonr, grade fUIZ red and yellow into 
brown and grey. Hey ar be, mrraged much as th UIltiso Is except 
when ther e i ale of n Iat latr itoe (1 rii toe) presntu; 
whichlcould rnui tht soil ihovP this layer to hP urich more easily 
eroded than ci M i s, OxisolsIK!h fur lIl,, rlU co lacking 
pl inthi e. 

Togetier, An hig hly ;woiih rw-Id lia Yn i i (Oxi so1,, UIl
tiol,, aimd ,l iso ) oi tri. troii cov,,r in are tf ?, million 
square i loy tr -,- - i An r Mia y l ight ly umill e r Lhn the 
total lan d area of EuropQ plus Nnoth mi rica. 

I. nSrild niitO d Alnt,th, ii.:itific tion of LWo soil hori-
ZoIs, arg i i ndr o i- hor i z s , S[ rv as in imprtant diagnos
tic too ill Jrtr ' llin ill.I in i hiat 'oi l order, a particular Soil 
shiri r hu pha : , i lteid nt rificationr f ,uch hurizons is a major 
problem in many highly W -it hi d t.ropiral soils Isbe(hll, 1978). 

Contine nta l Lrc i ri " o f Kiatls 

Six major regions, An P in i 0 Isbrell, are tois t by 1978, used 
show the rconL innit,l d istr ihut ion of majoir so i 1 urder s in ohe 
tropics. They lr,: 

South nmeriCm. Oisol, and Iltrsols occur extensively in 
South Ailtris3, ,nciudr] I i the Corrado, the Llano; and the eas tern 
Ama zon ba irn. They orcur extensively under hLuiiid conditions 
(greater than 100h imnI arnra I rainfall) , al th ough ex tens ive areas 
of Oxisols are also found in northeast Brazil unier suhhruii con
ditions (500-1000 miimrainfall). Alfisols appear to he dominant in 
subhumid regions , such as in northeast Brazi 1, the north coast of 
Colombia, and western Venezuela. Entisols are found in close as
sociation with coarse-textured Oxisols in humid areas, such as in 
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central and eastern Brazil, and also found extensively as shallow
 
soils throughout the steeper parts of the Andean, as well as other
 
mountainous areas. Most of the Inceptisols are concentrated as
 
volcanic ash soils in the Andes.
 

Central America-Caribbean. Inceptisols occur extensively in

mountainous areas of Mexico, Central America, and the Caribbean 
and are associated with the presence of volcanic ash. Alfisols 
occur commonly in subhumid areas together with Vertisols and Mol
lisols, with the latter of local irTmportance, such as in the Yuca
tan Peninsula.
 

Africa. Oxisols and Ultisols are found extensively in hunid
 
areas and are associated with old stable surfaces. Alfisols &re 
also found in the humid zone hut itithe lower rainfall limits. 
They are most comimon in the suhhumid reqion. Also widespread in 
the subhumid region is the Entisol , e.g. in the Sahel ian Zone and
 
Angola. Vertisols are of common occurrence in subhumid areas,
 
too. A prime exsample would he in Sudan on alluvial ,aterial.

SoIe Inceptisols are associated with youthful unstable surfaces. 
Aridisols are most extensive in arid areas. 

indian Subcontinent. Alf iso is occur widely throughout Ir'dia
 
i both huumii hfut toward 1ower ra i nfa 1I limits) and subhumid
 
climates. Vertisols are also found in abundance in subhumid clim
at. Both of these so'l orders are associated with basic parent

materials. Som Ini are
CEptisols widespread in places such as the
 
Ganges al luvial 
 plain. iOisols and IlLtisols are less prorminent in
 
Inrdia thian in Sorth Amrierica arid Africa.
 

ScutiLeast Asia-indonesia-New Guinea. Ultisols dominate up
lawl ara , T ot roeast Asia IncepLisols appear extensively in 

ymrunmlr gomnrphi: areas. VortksoiTs 0orriate ruch of eastern 
Java. Alfisols ar found in p iland a seasof [hailand. Histosols 
are of local iripor ianc'- in certain low-lyini porly-drdined areas 
and are f)ften asi rated wior arid-sulfaWV clays. There is no 
wides preadoccur rence oif soxsi. 

Aubtr lia. IF isrls iccur yt-n ivel in humid and sulbhumid 
rryiOns oF tr opical Australia, occurrFinu mainly as shallow soils,
usual ly dW niltfrom sil icers n&,dstone. Alf iso is dominate the 
s rhhururid together Vrtisols.reqiorir, with Oisols and Ultisols 
are of lus- importarnce thair in South Aimerica or Africa. Aridi
sols, as inAfrica, occur extersively in arid areas. 

So il s _P rpeprt ie 

PhysiclI. fhe water-holdiny capacity of d tropical soil as
suimes a very imprt ant ro le, espec i ally in the suhhum id and arid 
areas of tiretropics, where droughrt periods are frequent an.,
lengthy. Aridisols and iEitisols generally exhibit a low water 
storage capa:ity because they are usually shallow and sandy. The 
fact that a typical soil is low in sand ant high in clay does not, 
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however, automatically assure d much improved water storage capac
ity. For example, Oxisols are generally characterized by strong 
granulation, which means improved physical structure for tillage, 
but also means that they behave like a sand in water retention. 
Some oxic subgroups of Ultisols and Alfisols also show this "san
dy" characteristic. Fortunately, many of these latter soils, as 
well as Incept isol, are deeply weathered and this fortuitous cir
cumstance means improved water storage. Also, because of the 
strong aggregating nature of these soils, permeability and drain
age features are good to excel lent. Pan formation which restricts 
water iovement and root penetrition doe pose a problem in some of 
these soils, especially in Oxisals. But this pr'ublem is by no 
means as great as earlier thought to be when later ite formation 
was errrieously belitved to be dotinarit in the tropics.

Ir co t.r st ti tire fjrgni i soils, tire Vertisols behave 

truly a, heavy lays. These soils can hold a large anount of 
water; however, the percent of moisture at wiltinq point is also 
quite high , which means that thie range of available moisture be
tween watar-holdini capacity ant wilting poiit is narrow. These 
soils are also difficult to culi rvat because of tieir shrink
swell propirt i lii's soils are relatively impermueable and iii
ternal drairage K poor lie iobinition at such poor features, 
coiupled witin iocat. ian of these nIs n generally in luw-lying, low
rainfall areas, often produrceN salinity problems. 

Chemical/FertilIty. O:is ard llstil s ire tie most acid 
soils of ihe tropich, together with som Iricejp'isals and Histo
sols. Soil pl value' can drop below 4.01 in extrene s:ases, espe
cially in ,r''''n lndercultivatin , and ertilizat,ion . Most Alfi
sols a riE utisols ,re mod:itrately acid, while Vurtisnls and Aridi
sols are near-reutral to alkalin. 

Associ 'teo w'ti very ac('id sioils are probliis if high alulinum 
concertr'atioun, ' nine to the exitnit of adversely affect ing plant. 
growth. ce's iv ran Ja~ in an he present, al though thisdo 
problei iq U illy restricted t )xisls. Calcilrli ndm iiagrles um 
deficiencies, when found, ,r, generally alsno associated witir ancd, 
highly weathere' soils. 

Oxisls, Ulitinols, and se ncepL isols are regarded as high 
Iiiers of phs ioru , umainly ;)'et rnq, of lhi'' presence of high 
dlrtaurs Of iroil airl alu ii i oxidmil, in timarly af these soilsn; thus, 
phosphorus ,efichoerr i,t t likely to he found in these three 
soils. Alfisls and Enisols are geueral ly associated with moder
ate phosphorus deficiency. Sulfur deficiency is often fourud alrng 
wiLh piosphoris deficiency and can he wide'spread in Alfisols and 
Entisols.
 

Potass iul deficiency in inst likely to be related to lte uin
eralogical1 tak.-up of a tropical soil. Soils that are derived 
from kaolin anti iron/alu inu oxides are associated with ptassium 
deficiency, whereas those from micaceols tndrelated minerals will 
not require potassium fertilization. 

Microanutrient deficiencies (mo1ybdenulmi, zinc, copper, and 
boron) have been investigated on a world wide network of benchinark 
soils in the tropics (Swindale, 1978). 
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Soil-Tropical Legume Relationships
 

A great potential exists to increase milk and beef production
 
through the use of improved pasture legumes grown on acid
infertiV tropical soils. Russell (1978) has summarized two ap
proaches that can be taken to improve growth in these soils. The 
first s t) improve soil conditions by applying fertilizers or 
limmn. The second is to select or breed or both, legumes capable 
of withstanding limit ing soil conditions. Most situations call 
for both approaches. 

To investigate soil management practices for improved legume 
growth in the first aporoach, it is necessary that we understand 
the soil mineralogy of these soils. ;Jehara (1978) stated that 
many of the acid-infertile soils of the tropics are made up of low 
activity clays which are pd-dependent charge iinerals and belong 
to the constarnt charge surface potential group. Where tropical 
pasture hegumes are grwn in soils doihnated by low activity 
clays, as in Oxi.ols and Ultisols, lime is added to supply nutri
ents and not as an a, rndmnt (as contrasted to h gh act ivity clay 
soils where mei i', addedto correct alMinIuM toxicity and torais.: soil pH above a critical value). Correcting phosphorus 
defic ie cy it low activity clay soils can become costly because 
these clays i ix relatively high mrounts of soluble piosphorus 
ftr1tilizers. Similarly, i these sqils .re deficient in heavy 
elements, 1 ke zinc or topper, treatments will cal 1 for rather 
large rates to overcome specific tdsorption of ions. An impnrtant 
redeeming featdr in the'0' clays is the formulatior of stable 
Iggreqi e'qthat eruiws t my' sorils wito good physical properties. 

Ir the se od approa:h I , mulst proceed on the basis that 
tropical panur legums to he used effectively rrt acid-irfertile 
s muails nN selected or wted for their adlaptability to grow 
m r" aun1it ioii of high soluble alu inu l (an likely mmganese, 

too), low tchanitill calcium and iag t tumr, low availabl1 e phos
phoru ;, and ntou ! and 1tl d stress, In additntin t these soil 

litI r i ar' i t, tol Ie , should effectively nodulate 
ii Rhiz ibU , b" ompat ble witl graqs , tolerate disease and 

:u,.,-Ti-[T IIIJ b',: palajtable.:j 

Slntpt t .r 1,p!l1 l ijurne- 'th t appear to tolerate acid
irftr il 5 ilp4 '0ie o the genera: Stylosanthes, Cent iesri!odiumli, 

' 0-t ' I -,I ia_, and v "aropt i g 197),. a,i I i utir'"'7ler Lo r-
t ,e' rtnlci~tlteL , arnn i latc ta i added t) this i SI t by Sch tz

I,---t t n -- ,-r l9d:I They also include Calopoonium, 
jh ynchosi a, I ia, l.inos!, Imd Tephrosia as genera dese'rving of 
tuture -lti lit ll to ad p-tIt '', nil the'se oils. Adaptive pattern 
differs cori 'id ly beotween species within these genera ana be
tweem the bov iit loned geat a i other tropical genera (Ker
ridge, 1975). 

The gent', ttylosanths has rec ived tile greatest attention 
because cfi its .dtJpta T-i-y to acid-infertile soils (Kerridge, 
1978; Schultzi,-Krat and Giacotetti, 1979). This genus appears 
the best ormg tropical pasture legumes in tolerating high alumi
nutm and manganese, and low phosphorus and molybdenum. St losan
thes species that adapt well to Oxisols ane Ultisols of South 
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Anerica are: S. juianensis, S. scabra, S. viscosa, S. humilis,
and S. capitat-. l tter deservs ,peci mentioTn becuse it 
is the only Stylusanthes spf-ies tat appears to sufficiently
tolerate anthracnose and stel borer ,ttac ks ( Schu l tze-Kraft and 
Giacometti, 1979).
 

Among Desjiiodiurn, D. haraturl ni I. Clanioifoliurn are the two 
species most frequ:rta y foundri Wi 'ii l'.. f acid-infertile 
soils. Ot specie,, of Iesm di tiff nat. iv, to southeast Asia which 
have been tested or ) O i--1 Utii sols of tropical America,
Desmodium oval ito] liull ,ppedrl to s'how b st tolerance to acid
infert i ity an drough, (Schultze-, raitt ild Giacometti, 1979).

Although Cent rusena has a wide unograpic distribution, most 
Centrosema species ilL nat i t reqions with relatively high soil
fertility. There nrenotahl exceptions (see Section I) and with 
further collec tiors the y=4 m,hy hav, II ch wid,,r range of auap
tation than previoq ly thouglht.

To uhttin opt imum growth in these acid-infnrtile sails, it is 
necessary that an efecl ive leguo-Rhizobium synhiosis be olbtail
ed. Halliday (19/9) reported that miTst tropical pasture legumes
do not niodulate freely in acid soils. Hence strains of Rhizobium 
must he seected tlat ,re compatible with the host plants adapted 
to these soil,. 

EFFECTS OF CLIMATE AND SOIL ON PLANT GROWTH AN) ANIMAL PRODUCTION 

In generaI, the tropics are reg ions of high temperature.
When soil m1oisture content i , adequite, plant growth rates are 
high. This is particularly tru , of the rasi s, lianiy of which 
have a specil pathway of phoitosynl tleis whicAlallows them to rap
idly respond t such conditions. This r apid (ruath, particularly
when l in ed witil I low ,.)i I-miner-al lewIls di luteS thlineral
 
COlltit oi) I ,! plalnlt 
 whilh Ien t.rl to lI, liv, i lli)hosp)horus,
sullfur, etc. Anto can P liies at.e i,)r thi s by carefu linmals co plai 
'e act ion of their diedt. 1nt)rtUtil ly, thi u ,tiun miay notim,iSnte 
ie sufficient theretorr lii i 1!l,1 defiCi ii in llimals can occur. 

1ring the wit n'eill Iirg e anial, weight gains cal he recorded. 
In the dry nediin, however, plant growth ceses, protein lev

els decLIne anud 1u'hi of the pr1oien ari1 d inerals accumulated by
the plants are tfral',tocated Lo til root systell. Animals live on
standing hay, oftenof low feeding value, and the quality drops

with ti e. Oiut-of-seasol rains are of-ten insufficient 
 to promote
 
renewed growth and 
 may reduce feed quality everl further. Animals 
lose weight, ofte hV their potential fertility level reduced, 
and soietimes even die. Thus the potential of tropical grazing
lands is often limited by the carrying capicity of the land in the 
dry season, althoull in the wet season it may be undergrazed. 

There are numerjus ways of tackling this feed problem. Ba
sically there are three alteniatives: 1) remove tile excess feed 
in t' : growing season an( either store it for use in the dry sea
soi; or use it for some other purpose; 2) remove some or all of 
the animals in tile dry season; 3) make more feed available in the 
dry season which can be done by the feeding of hay or supplements. 
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A lonq-lasting solution to the shortage in the dry season may lie 
in tile provision of better pasture species, grasses which grow 
longer into the dry season and respond quickly to the opening 
rains of the se'son, and legumes which stay green and provide a 
high protein di;L which allows the animals to utilize the poor 
quality standing hay for energy. 
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Section II 
Characteristics of Centrosema,
Desmodium, and Stylosanthes 



1 
Introduction 
P. P. Rotar 

Prior to the middle 1950's, there was very little work di
rected toward tropical pasture improvement; many early reports 
were about observations from introduction gardens. These reports 
were often vague and said little more than that the accession(s) 
looked promising for further development. Moreover, there were 
only a handful of rc-search stations directly involved in tropical 
and subtropical pasture improvement. Fewer, still had active trop
ical and subtropical forage breeding programs. The efforts put 
into tropical pasture legume research may be rieasured in part by 
the increase in the nuoiber of publications that have appeared in 
the world's li terature. Extensive manual and computer based 
searches for the agronomic literature pertaining to Centrosema, 
Desmodium, and Stylosanthes have been made for the period 1955-
T 76. For the most part, taxonomic references found in the mul
titudinous flora's published throughout the world are excluded. 
Tnese re.sults have been tabulated and are summarized in Figures 
1.1-1.5. The numbers presented are approximate, as they oit in
forjMiatil puibl isned locally that is only rarely included in world 
daita bases. Slightly more than 1500 citations have been retrieved 
accurding to the date of publication for the three genera - Cen
trosema, Dt smodium, and Stylosanthes and their species during the 
2-[--year pc-Y5T55-1t76. Nearly 49 percent of the references 
pertained to the genus Stylosanthes, 19 percent to the genus Cen
trosema, and 32 percent to the genus Desmodium. These percentage 

a-t are gra)hically Figure r..iiarized in 
Figure 1.2 shows the increase in the number of publications 

pertaining to the three genera during the period 1956-76. The 
increasing nlumbers of citations in the literature for these three 
genera reflect not only the interest in identifying tropical for
age legumes but also are indicative of the information explosion 
confronting agricultural scientists worldwide. Very few citations 
were found prior to 1966, but a substantial yearly increase occur
red during the period 1966-1976. 

lThese citations are being published in bibliographic form and are
 

available in microfiche (Rotar, et al., 1981).
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Figure 1.1. 
 The number of literature citations, world-wide,for the genera Centrosema, Desmodium, and
 
Stylosanthes during the period 1956-76.
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Figures 1.2, 1.3 and 1.4 present the trend in number of lit
erature citations for the species within each of the three genera. 
The number of publ icat ions containing information on Centrosema 
species (Figure 1.2) began increasing in 1962, but the mark-ke-j 
increase commenced it 1968. During the entire period surveyed, 
however, one ycc is -- Centrossema pubescens received more atten
tion tnan all other centrosema ispec-ie In Figurecombined. 1.3, 
we see thdt three Desmodim sp_,ies (D. intortum, D. sandwicense, 
and D. uncinatum) re citd inore often tVan the rest. IT F-igure 
1.4, we see a un;ilar situation, three of the Stylos nthes species 
(S. quianensi', S. itat, arid S. humil is) wre referenced more 

-
tot-i ii i -~riu if to, Tjrnus_-Wor-k on S. humil is and S. 
quianeisis as enm c Aied on inc, before 1960 and Tn-tensiveTyi 

since 196. onsidering tMat the genis CenLroseina contains per
haps as many an 50 species, Desmodium, 350 specic_, and Stylosan
ttes, 7m spo..cic.s, only a portion at the termiplasmn of these genera 
has beenovalutl agronoTically. Of that receivin attention, 
Mhtm figire:, prtteenti d ,ugq t at flunctuated hetri ,mpmmasis hias 
Lween riei rciitand ,bli:at ion, and possibly io the alounts of 
funds Made dvailIi Or re, at h A riiti es. 

Figury 1.5 c rily shm , tiat a good perclant ,of the cita
tiois pl tiininl ti th, three gemn a arc of Australin origin. It 
also sho;,w's d , it int,,r,, of CSIRU . tcie in tropicalW pin itt 
and sub ropm l a lt, 'y dvY.1op ,_t heginni i llwith Me establish
men~ltof theu Uivi,,i~n of:Tropiud Pa,;Lur nM L uCul!rn!hdl Iahnra

tory a,. i11.sh. il,, e,,paj ed to i O )ivi iori f Tropicali 

with hli t It ),r torl e'11f 
raviesi ab n. r t't ' nivnilo,itt uii tlimi. ,in: i ldlpoint oit 
ILhattie Pm" J, ftra i I n (I--i otf 'il 'ita t inda y 

c lo s 'and , i an 1 'i'ot' ! y; 

t imPrimm'l'( 
Industrio': dl" ibnIQK &L an Lt" fn" ,w W or'q't.
nonturlL t ally: 


Cdiu it tly ii tnt 1 a 1 it if n I mart o Rt1tirre i- eh

sein paDms 'una u, of ithe , in ,,i ions,wi hasedaiuch i in i:tlin t "cl iv 
upon tnr ~ ~K 1 ,:,jl,i1 . I -_ 1rat, I.- f 'f, .qu,,nc cz iL ; i i m ,u,1 , ,' 1', :" O 

.W : T t ,in[I~af!pllicaL ion ,of ro.w,,.rchi r'eli lhu I I t:lu 
' 
Y I W ep i

rent o i Q of hot iin olo i pl l1i.sI i 'o in ; bo ti
0'e [i ve I ,- dd,'dlrdt- , )'7 I , I 1i;tinics Tor .111,lI t. i -L afidJ '.1'2

s'oncch t in iy :im 'liviI r i iiinl r m tii'iat h~Coni 'a T l~ 
re~searl cdr o )W Ki. rtuquiiramluml4 W r~ inl i-nafo,l ni r'. l. l W inn~qft i o Ii.&~ ii i1 w, Iwd tVfovity inW, xvii ,crm o an' a em' 
t itfi 1)lls% "!c J~ ror Io )cullien~taa iron )r'1,s; i!)nLedl i) tu,I(- il l .

idn!;ltify ino t.he:oi" it,le "' conrLtori t ,. 1 1')!Wllll flalli,- ir]l seldomi of 

-
tot Wficca', tS enJ t"" 1!e1seaOptrchsthe tv~i tiJr;Iufhicnmat.ationot,theiImitJ11 it l i ito ld rn l onirVnleti) o]i,/d n ti ond 
trieval; htrir, whe pbio i uchit thoulhe ri- fu noriir n,

eluded ai,.irff a.ith scie.ntif-ic: 4, ,i ,e idantif icflU i , becaus e = 1u 
knowledge< mayi} hoJ< Uqof'ul to& tihP ciqmrufflcli,- ny~c Jri or iL onI danrived 

from'lirese;far'ch/ W thelt_oc.,i tun " w,,hol j).hord';n;.n rl gr~ziel.
t mI ho 

,et. iuu 11J iI I ,? Of tirl, qtiec Cenltropr'esentl inviwq> th" , a 
seina, _esrno,11iin, mid A.tiyloypt heLs_as the:y wa~va !W.,o in-ve<>i-i teCd 

for tS]--Iin astture(s. The include inforillatiJol about theiruse reviews< 

taxonoliy, species of- ag'onlanlic value.+, bree,_ding bha vior, and gej
netics where: knlown dand thleir' adapt~ation. ite reviews> :ire followes 
by a chlapter an Rhizob~iUmi requiremlents for the o nuera. 
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2 
Centrosema 
R. J. Clements, R. J. Williams, 
B. Grof, and J. B. Hacker 

INTRODUCTION
 

Centrosema pubescens has a longer history of domestication 
than most tropical forage legumes. It was introduced to Soutn
cast Asia from tropical America during the 19th century or earli
er, and in the early 20th century became an important cover crop 
in rubL plantations. It was also one of the first legumes to be 
developed for sown tropical pastures, following Schofield's (1941) 
pioneering research on the wet tropical coast of Queensland, Aus
tralia. Consequently, for the cultivated worm of this species 
there is a considerable amount of published literature (at least 
300 references) relating to its broad climatic/eJaph.c adaptation, 
agronomy aid management, and duility to fix atmospheric nitrogen 
in su'table habitats. Although there has been no comprehensive 
review of the literature, there are numerous popular descriptions 
of C. pubescens and its cultivation, and its essential features 
are 11known. 

On the other hand, knowledge of the other Centrosema species
has been fragmentary until the present time. Information is now 
being obtained rapidly but most of it is still unpublished aid 
incomplete, and many of the present ideas may eventually need some 
revision. However, the experience gained from studying the full 
range of species has altered our perspectives and expectaticns of
 
the genus as a whole.
 

In this overviev: special emphasis will be placed on the 
lesser-known species, particularly those showing economic poten
tial. When considering C. pubescens, attention will focus on 
aspects of tie productivity aTni-togen fixing ability of this 
legume and on factors which limit its economic capabilities. 

SPECIES DIVERSITY INCENTROSEMA
 

Centrosema is native to Central and South America, the Carib
bean area, and southern U.S.A., and several species have become 
naturalized in tropical Africa, Southeast Asia, and India. The
 
genus is closely related to Periandra, and to Clitoria, from which
 

69
 



70
 

it was separated in 1837 by Bentham. All three genera are members 
of the tribe Phaseoleae, which also includes Glycine, Phaseolus, 
V and DoI_, ichos. Spec inens of Centrosema have occasionally 

ninsclas into these related genera. 
More than 100 species names have been referred to Centrosema, 

but only about 35 species are now recognized (Clenments and 
Will iams, 1980) . There is no nmographic treatment of the whole 
genus, although a complete rev is ion is planned (WiII i ams drid 
Clements, in preparation). There are several regional treatments, 
huL with the notable exceplior of a recent. description of the 
Brazilian species (Barbosa-Ftvereiro, 1971) they are so outdated 
that they actually misleadin Until a co-nplete revision isare o. 
published, Barbosa's MaRUes, (whiLh include hout half of the total 
number of species), should be used. 

Most Centrosema species are tropical, viny perennials, but 
the genus extends inlt Many iPtropicrl and some iWdritime climates 
as defined by Papadakir (1l96), amd incIue. soame subshrubs and 
annuals. The range of native habitats includes forest fringes in 
the high-rainfAll tropics humid and iun-hulid sdvannas and wood
lands; deciduous ,eii-arid W -e'd for'ests and sirul; COstal sand 
dunluIods; iod l fure1,. species extend unoresubtropi pinenomn,-
or" loss continu0usly for hni rds of K iloieter's , ohile others are 
known from a irolp location or 'ri restricted to a ,irimhr of dis
junct locations. The two main ietersof species diversity are 
the Brazilian Cent ralI Platea .rid Ceitral An r ic a (Clements arid 
Will iams, 1980) these regqions icount for about three-quarl,ers if 
the reported npecies. 

It is dift iicul to irki -r ad gner lizaLi.rio airOt the adop
tatiion of CelltroseiLpar, necau iany of the pecikr are adapted to 
contrastiiiq (liv irir lntS amida In,c oe tihf! p.e ite", that haIve beerl 
well studied ea h Lilcentain divt r tn' form' . A few e,;rrmple; will il
lu.Strate thi' ,irit '. frd>r iIii m is Most COMMON ii hot tropi
cal and semi-ai rd rl r-r-iit (is defined ty Pdpadakis, 
1966), yet it ilS O Nr nt tectedfrom! the i.t ins of the fk'rrtZOri 
rain forest whr the rnrr itl rairnfallI exceeds 200H mmIIr.C. pascuor
um rusitrioted to a ,i n I rr'ower climatic rnqe, turt occ rs on 
avery wide range of Soils. C_.virginiarlm isso variable that 
some forns car tolerate a ftrpirorary snow cover while ottier survie 
in tire semri-arid tropics of norti-easterrr Brazil. Oi of thr few 
generalizationt ; that cai bre mlade is that CeLitroscrlia is not siIply 
a "wet tropics" genrus. Ihis fale reputtfin- is based on aqanir
ic experience with the gnrtically restricted, culltivated form of 

i5 

C. pubescens, Although it is true that C. pubescens is priarily 
adapted to the wet t,opics, (eq. humiid, sei - ,tro,'-l miiates of 
Papadakis, 1966), it has been c l lected from 5ro-600 il. rainfal 1 
regions on the sortuilerr liargqinI of the Guajira Penlirsula of Colomr
bia and from areas above 1000 inlaltitude near Santa Cruz, Bolivia 
(1183S). 

A list of tle species having commercial value or- at lease
 
some agronomic potential requires some judgment, oc'' e our in
formation on many species is extremely limitea. it AIso based
 
largely on Australian experience, although field tir: in the
 
U.S.A. (Kretschrmer, 1977) and unpublished reports frcm ,olonbia, 
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TABLE 2.1
 
Chromosime Numbers of Centrosema Species
 

NO. OF ACCESSIONS ORIGINS OF CHROMOSOME
 
SPECIES COUNTED ACCESSIONS' NUMBER (2n)
 

C. pubescens 16 Br, M, V, Gt, Gn 22
 
C. virginianum 12 Br, M, V, H, Bo, P 18
 
-. bras ianum 4 Br 22


C. plumieri 2 D, F 22 
T. Sdgittatum 3 Br, A 22
 
C. schottll 3 M, Co 22
 

pascuorum 6 Br, E 22
 
C. angustifol ium 1 Br 22
 
T. randijf!orum Br2 22 
C. sp. af. acutifolium 3 B3r 22 
C. sp. aff. pubescens 2 I Cr 22
 
- macrocarpum I Co 
 22 

Br (Brazil); M (Mexico); V (Venezuela); Gt (Guatemala); Gn (Guy
ria ); ii (Ilondura,); Bo (Bholivia); P (Paraguay); E (Ecuador);

A (Argentina); Co (Colombia); Cr (Costa Rica); 0 (Dominican Re
public); F (Fiji-original source unknown). 

2 cv. Be l to
 

Malaysia, and Thailand provide valuable confirmation in some 
cases. Such i list must obviously include the two commercially
developed species Q. pubescens, C. plumieri, and also C. pascuo
rum. . _i ginarininm may eventualy become a commerciaTly useful 
pTh-nt Irilb. subhuii] subtropics, but some breeding work is needed 
to combine the desirable features of the tropical and subtropical
f, C. hra. ilianum and C. schott i have shown promise in Aus
tralia, in,: 3ru of specie: closely related to C. pubescens 
(Clements iid Williams, 1980), and also the three species C. sa
jjttatum, Q arenariur, and C. rotundifolium have not been exten
sively mA d-ny--ayricuTLturalifil-h plant explorers and deserve 
greater attention. Ir particular, the potential of the latter two 
species in sem i-arid tropical environments should be evaluated as soon as ,uit a1. Col lctiois are avail able. In sunmary, about 
one-tthi o the cpecies appear to have some agricultural signifi-
Cance. 

1ust of tne species for which living material has beer exam
ined appear to I) sel1f-pollinated (cleistogamous) though some 
open-pollirat ion (out-crossing) does occur (eg. in C. macrocarpum
and C. arenarium; R. SchultzQ.nrafte, pers. comm. )-- Some inter-
specT-fic hybriitdsja beeq reported; however, some of these are in
fact intrapecifi hybrids, usu,-lly resulting from withincrosses 
C. pubesceng. J.B. llacker (Table 2.1) has established That many
species -ITcluding C. pubscens, ,nd C. pascuorum) have 22 somatic 
chromoisormes., i1e C. viiianum has A. Ine only previously
reported chrt;mosome count-. C pubescens, 2n = 20; Frahm-Leliveld, 
1953 appears to be incorrect. 
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GENE BANKS
 

The first point for emphasis is that current gene banks 
(germplasm collections) are grossly inadequate. Many species are 
completely unrepresented in existing collections and several sig
rificant geographical areas have not yet received sufficient at
tention frm plant collectors.
 

The micior collections are increasinj quite rapidly and esti
mates of nulbers of specimers (*cre.sioue,) are sonn outdated; how
ever, some idea of the size of these col lections may be obtained 
from Table 2.2. Because there is considerable overlap and shaing 
of collections, the total number of un ique acces ions is much lets 
than the 1 l Col olect iWon and is probably little more thanSUM f 

700 at the present time (May, 1979). Storage Loo:Jitions vary con
siderably but are , norally adequate to iiintain seed viability 
for severdl Par-. uIn ustralia, maintenance and regeneration of 
seed stocks i, given high priority in plant i Ltroduction and 
breeding progari. TiP recent rapid rate of growth of the total 
Australian collection (CSIHO plus Queensland Department of Primary 
industries) is apparnrt from tihe following counts: 

Accessions Species 
Pre 1960 32 3 
December, 1965 98 4 
December, 1967 173 10 
December, 1971 277 i0 
August, 1976 312 13 
January, 1977 328 13 
January, 1978 456 14 
January, 1979 55i 16 

The species representation of the various collections is un
certain because many accession , have not lreen identified, partly 
due to the inadequacies of tie currently available tdxonomy; how
ever, the structure of the Australian collection (Table 2.3) is 
probably fairly typical. :t w ill be seen that 1. pubescens and C. 
virginianum comprise the bulk of the collection. From herbarii 
studies and evaluation of early living material, we know that the 
C. vir.inianru collection, thuu n ,mall, is nearly relpresentative 
of the eunic diversity within this species. However, the ex
treme narrow-leafed (angums ifol iaLe) tun wirch occurs in tihe 
southern LI.S.A. and JarLw of the Catibbein rigion is not repre
sented in the collection. 

The C. pubescens access ions are Hre rIrmerous but are less 
representative. lany of them have been obtained by correspon
dence, and some of tileSo are simp1y re- introductions of the nar
rowly based cormernlalnaterial. Although about three-quarters of 
the C. pubescen. accessions ire native to their collection site, 
some rorpiooic-al forrms and kiowrn areas of occurrence are poorly 
represented in the Austral ian collection. 

The accessions of the other species listed in Table 2.3 are 
not at all representative of the intraspecific diversity. The 
small Australian collection of C. pasc'arum represents most of its 
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known areas of occurrence, and contains forms not represented in 
old-world herbaria (Williams and Clements, unpublished data).

Major factors to consider when setting plant collection pri
orities are: current status of these collections, list of prornis
iny species, distribution patterns of these species, experience
with accessions froln various locations, and interests and geo
graph ica I ocat ions of scientific organizations. It must be 
stressed tLat the total area of Ce, Itrosema distribution is so 
large and so inaduquit.ly explored lnt. no single group of scien
tists can hopie to cov, more than a fraction of it. At trre pres
eilt. time, both diri.. u al ,:lent. ists and plant taxonomists visit 
tre vari(us relions within theototal area. There is a great need 
fur i ';y.ematic aod mut:,ally ihlpful approach to thin collecting 
art.ivity. Cooperat in btpeen t.wio rlints and di' ioultutalists is 
highly ,t',iraole; each nCiiit lSt.L C oulid C lltct material suitable 
for L" other. 

Tiere i, a r ik tnii i las ,deqU aLet teedboCk arid couper
tin occurs net un Irouops o col lectors, the beret it if any in
crease iv coll, cting tIiviLy wit I hbe t iempordry. Dupl cation of 
eft rL will result, ,rd valuable col lect. ions will be lost as 
sh r-t.erml project s iI wid local uvil uation is completed. 

7Mynull ,cion IVc dlnavel'radyben lost. A thorough understanding
of tt tPWniiool,, d istribut ion, adaptit ion, and spec ies rel at ion
<Kips of the gnius wilt only e ohtained n ti iritly when a fewot/ 
major ln cnilorq gain access to all col iecion.. ( nly a network 
uf mIo centers col Iabor 0 iii with ocal eva uaL ion groups can 

,
0 i t't! Lii iiL' Off a LIn ma t ui 'i .M0 it oi 

Raring in mind tO diverse ilte s of agricultural scieri
t Laxonuii ,,s aid uthr", iL i bet ieved tt col lecting 

thnr i J 1shouldtith I b li geographic0 i r - re ce ie priority: 

1. 'ontrat Almricd .ttrt i A ild K cohcutrated on C. 
)pulbe-c'ln--	 ,ii - I! ' . Io'? re I 1. ives) and C. pascuorur.

( OLi- iui ian, in area in the nearii tIurthr t ion i:his 

fut ure.
 

0. ,z lan Airlt.a P1 4 1u the Staten of(particularly 
_11i-11,117-" 111 7 , , aInd Bin 1a). This are,.1 , r, ) Go i 1'. 
cunta ins Lii a!. -pp: i, d i.rs i Coyl. ect ions I d ,eot wor 
par.'i(j i Unatuj fi ' r tavo r o&.i tudoieS and 
" 5 'It., iL vi Oil. oi01t nhlmlber Nt spec is which 
have riot 5n far 1i. iudiin (e.q. Q arenariu , L. rotui
diolliu;) Jivar",o Luims of 0 pubescens and related 

y ItI 	 si would erlathto 

'pttI 0 !lil" I this region.
3. Norther i i 	 Brazi I lhis areca hasBah and north-eas tern 

proved too -vy tod -gem I-rirc. fir s adaic Sisdapted
Lo Selli-, l id (Anditurrn , partlnulmly L pascuor ui, C. 
brasilianim, and C. rotUi dii0li uut. 

11. lasT-r -ii rtdean Stripes-(- o To l -lt -- atrtor, Peru arid ho liv
. tir-U po,'ly d at, 6it)6l-2000 

there re irLteretL in. ecotypus i . pubescens The re-. 
g i oln also cunrita i is soine if the taxoom ical ly outlying 
speci es of Centrosema and is therefcre sign i ficant for 
studies r-,i taxonoly and patterns of adaptation. 

T . i J plret rea m altitude 

http:inaduquit.ly
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TABLE 2.2
 
Number of Centrosema Accessions Held inMajor Gene Banks
 

Institute No. of Most Recent
 
Accessions Information
 

CSIRO Division of Tropical

Crops and Pastures, Aust,-alia 557 March 1979
 

CIAT (Centro Internacional 
de Agricultura Tropical),

Colombia 
 335 March 1979
 

Fort Pierce Agricultural
 
Research Center (University
 
of Florida), U.S.A. 212 February 1979
 

Instituto de Pesquisas

IRI, Matao, Sao Paulo,
 
Brazil 
 207 November 1977
 

EMBRAPA (CENARGEN and
 
associated centers), Brazil 155 March 1979
 

Queensland Department of 
Primary Industries, Brisbane
 
Australia 49 February 1979
 

5. 	 The Chaco Region (Bolivia, Paraguay, and northern Argen
tina). Unusual forms of C. virginianum, C. brasilianum, 
C. 	vexillatum, and C. angustifolium occur herc. 

Apart from these major areas, a number of more restricted lo
cations deserve investigation. These include inland Guyana (C. 
pascuorum and r brasilianum), the Guajira Peninsula area of Co
lombia and VenezuelaYC. pubescens); coastal Ecuador (C. schottii 
and C. pascuorum); and tie southern States of Brazil TC. Trandi
florum). The7significance of C. grandiflorum lies in-its-c--se
 
relatTonship to the more tropical C. pubescens, arid the possibil
ity of obtaining agriculturally usefut interspecific hybrids.
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TABLE 2.3
 
Number of Accessions of Individual Centrosema Species Held by

CSIRO and QDPI in March, 1979
 

SPECIES 
 NO. OF ACCESSIONS
 

C. pubescens 
 269
 
v
vi nanum 
 92


T*p 
 58
 
C. schottii 3S
 
T. brasi1ianum 17
 
T. pascuorum 
 12
 
C. rotundifolium 
 9
 

angustifolium 
 6
 
. sp. aff. acutifnlium 
 6
 
C. sagittatum 
 5
 
T. macrocarpum 4

C. schiedeanum 
 2
 
C. grandiflorum 
 2
 
C. arenarium 
 1
 
C-.6racteo~s-u 
 1
 
C. venosum 
 I
 
Un iT--f-ed access ions 
 37
 

TOTAL 
 557
 

Mainly old accessions (probably C. pubescens) and recent acces
sions not yet quarantined.
 

C. PUBESCENS
 

In this sect ion comments are restricted to the "common" or
commercial forms of C. pubescens, known as centro. As already
mentioned, these forms give no idea at all of tile diversity of the

;pecies, and ay conclusions about tile adaptation of the comnmer
c ial forms do not necessarily apply to the species as a whole. 

The cultivation of ce;itro as .acover crop in plantation agri
cultr e has been described in numerous articles (e.g. Anon. 1954,
1958). In particular a great deal of informaLion was summarized 
by Watson and col leagues in the "Planters' Bulletin" no. 68
(1963). The cultivation of centro as a pasture plant ha also 
been well outlined. Teitzel and Burt (1976) have recently umma
rized Australian experience with this legume, and there are
 
several other more general 
desc. iptions of its adaptation, estab
lishment, and 
husbandry (Ahlgren, 1959; Toutain, 1973; Humphreys,

1974; Bogdan, 1977; Skerman, 1977). The two most recent refer
ences in particular provide a useful popular guide to the use of
 
centro inpastures.


Centro is widely cultivated as a ground cover in rubber,
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Fiyur'P ?M. C. pUbm-y.:--', Wi ti ] , r ae "e,.', pod"' 

cdlto JiUt, o11( ,nd ill lonit.hol,, .,. a, India, t-.he 
,

Pacific reiJion, jild !, . ii l r :t nlt ill Afric . Th contribu

tion otf r. 'i t, Ilub)l. (,',r ppi ,,yqt.Ie' i, diftficult to quantify,
but pkaint(It, oll cr'op"' iv- oI jr("l.t of'o)Illmic illl] rtanICe ill tile trop

iC"S arll ,)Ie i',e i 1,' 1 ,. For ,.x1( il io, there (tro o t. 5.5ICCU , 
MIl l ien hoCt }r.s elf rutlhi e p1 int.ol ill ott.hovl.;t A'; i, 31o e. A 

mixture of Cent.ro, ple (F traria phasoloido ), aned clop.) (Cal
3 (--SL in rihhoer01o0I1o01iu1l lUi_+tt t) 1 i_!, i1'' i)u i t' 11 -1 e tY up 

plantat ien,; ,; , . it p+r',- ,, ftill 3-6 ye,ir lnt il th( tree c Ianopy 

is complhtl.e. ill;' t lu IV rIdti(( C()llfll. e'ri 1 l ife i)f 3. ruhher Crop 

iS abOUt If) YOir ( y0lt'S I [iilhturi ty, 20 - 25r .e ir yielding; 

Brougluonh , 197/), tbotit orih' l 1T l l eeit iro' , (i.e. ("i 'iXtlh (If 
1 1 1i, MrIorit ofthe area .,,vl] ti.o rih lir) [lq lit. )Ilt mit o.l 

t ,he li'I irup- t',ir, -ll , trew.C -'I, l ,iat a)appable 

Size tup to P' m,11nt. -,ar1,r (',lat.',nn, 1963), iond the ri' idual bel

of its may pers ,t for th: i' tire (:mlmor(ial Ii f et il, uif the rubber 
it' tihe resUlt Of reduced 

COrlr . ' h l't'l. ev l' r-oep 

crop (Broughton, 1971) . Tihtne benieft t, 


soilI or05 e, otter J I pysie:aic rcti, ix,:tion of atitios

pheric ll tr'oyerl, c-n';rvo tl.ol ard -,low release of p1 nt nutrients;
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and improved rooting of the rubber trees, perhaps because of my
corrhizal root associations. Centro thus has an economically sig
nificant role in plantation agriculture.
 

Centro is cultivated as a pasture legume in mst wet tropi
cal areas of the world (humid semi-hot equatorial and humid semi
hot trpical climates of Papadakis, 1966). InAustralia there are 
about 20,000 hectares of centro-based pastures, mainly on the 
north Queensland coast, and this area is slowly expanding. Al
though about 5000 hectares have been sown during tie last ten 
years, the net increase would be considerably less than this be
cause of losses due to overgrazing, inadequate fertilizer applica
tion, and ploughing of pastures for cropping. The area of centro
based Pastures in other countries is not known. Extensive natural 
pastures containing appreciable amounts of centro occur in Venezu
ela and Central America, and largn areas are being sown in Brazil . 

Climate, Soils, and Fertilizers
 

The preferred annual rainfall for centro is 1500 mm or male, 
but cenlro persists ini lower rainfall areas in Africa (800-15N0 
mm). It ias some ability to tolerate waterlogging and will sur
vive a 3-4 month dry season, but is not adapted to prolonged 
drought. It is intolerant of low temperatures, growing very poor
ly whenrnight temperatures fall below 15C. Frosts of -3'C cause 
substantial leaf death, but plants may survive if growing points 
near the gro undI are protected. Thus, centro is a plant of the 
tropics, not well suited to the suhtropics. 

Soils of moderate fertility are preferred. Acceptable growth
 
may he obtained on relatively acid, infertile soils witih regular 
fertilizer application, arndeven on some very light sandy soils if 
the rainfall and fertilizer inputs are adequate. The acceptable 
pH range is from 4.5 (where extractable soil aluminum is less than 
0.2 milliquivalent, per 100 ,irams ifsoil) to 8.0, but nodulation 
is poor towards the ex tremrte, of the rarge arid the oAt imun pH is 
about 5.5-6.0. 

As rosporrses to appl iel fertilizer depend oil the nutrient 
status of the soil, there is littl point in listing the require
merits for arty givon site. iowever , sorIme general izations can 1e 
made. Responses ta phosphorus are iu~st commonly obtained. Centro 
is usually considered to require higher levels of available soil 
phosphate titan stylo (Sty -nthes guianensis) for miaximum growth. 
Phosphorus uptake is greatty enhanced by mycorrhizal root develop
ment (Masse ei al., 1973, 1976). Centro also responds commonly to 
sulfur and -alcthm applications, and to the trace element rimlyb
denum. Less frequently, reporses to potassium and trace eleerts 
such as zinc, copper, and noron are obtained. There are frequent 
reports of the beneficial effects of liming, and these may be due 
to tire correc t i art of cal c i umndef ici ency, or more cormon1 y to anm 
increase in so i I pH lead ing to increased mo I ybdenuMr avail ability 
and a reduction in the toxic effects of aluminum and possibly man
ganese. lineral nutrient deficiency symptoms have been described 
by Shorrocks (1964) and by Souto and Franco (1972). 



gk0 rc'popaeper 'hectare evey 3-~4 monbtffs'eifo , 12 18, 
months, followed by 10O 2004-kg *'per ;'Ictare eaich year wh il e the

co'rco prs jFts (Anon. *1954, 1958),.I Ausralansl ures,
suoerphospiate , 'common y;" 66mene a'rates' eq~valent to 00
W* -~rh keae-Per -year.. ith-add iLU onal f -ti]Jr-it.anddtrace.- '-,7

&Ie]ements. tb- sU it. 1niiul-oltp§-(dit-V-eta. - 8 
Els'Mre ekpe'rientab pastures have most "often bSeep'fertilized

Wit101superphospha te a'tr'at's of 0-250 k~g per hLcaeprer 

p" ~ Centro spreads fromrunners which ro athenodes, but~new 4 

4 cover c~p'ad psue r usual ly esablished, from seed. !Seed 2
].Ing vigor .is Ipco'rand establ ishment ',fail1ures somet imes, occur,y 

1 .4particul~arif.inpastures, . Some-'seedbed ',preparation,: is.usual ly 
4~~44~necessary.', Co Iver crops 4are'4driled in rows,''comnmo(fy' using " 

42:2:1 mixture of centro:calopo puero. Inpastures, centro sedig 4>.
 raesre24 k9 ehetr. Pastures may sometimes be estab-$ 
Iished by broadcasting seeds infthe cold , ash :after''burning, at ~ 

44z 

4
rates ,of 6-8 kg per 'hectare, ,,r by oversowing' into 'the e~xisting

"'poor 4grass sward. Centro 'isroted for having a high 4proportion of'~ 
hard seeds, and hot water treatment or mechani'ca'l scarification 4of.. .4.
 

444 seed is usually necessary. , Because of iwd' rately specific Rhizo- 4#~.,:
'bium requirement, jnoculatioi of seed pr-ior 'to sowingj4isd reom 

4mended. Seed is, relatively cheap. Recent commfei a4se 6bps ~ 4
 
4'.'..4 	 in Australia hiave yielded 70 360 kg per hectarewith machine 1iar

.esting,v'"'~ and seed yields of up to 600 kg4 per hectare have~been''4 
obtained elsewhere with hand picking. 4~'7'~ 

~ 4Pests 4 '~4 

Centro is susceptible to some ,serious' pests''and diseases ~h
k"~~4~Sonoda and Lenne,.41979),. In Malaysia, '6asion'al:,6,utbreaks 'of'~~4,
the ladybird 'insect' (Epilachna 'indica).may'cause sEvere. damg 
to~ 

S the leavs'44 esulting incomplete deoiation'4 ifinsetic~ldes are 
z rnot 'applied.: Fle (Mln~r zaj centrosematis), 5 a'terpillars'4< 

44,444grasshoppers, 
slugs, 'and snils~h7 reless :lmporEat 'pests,'and the 7 ' 
J'74~ungal diseases porodesmium bakeri"'and Rhizoctoriia '4olani" wb'
-bl ight) may cause'minor.'damage.7 WeT'blight has also be~n reported

S from.Florida '(Son'd'a 4 a]., ':1971). In Austral i,a'Col1ombia,' 'anid 2!44jet

-~~'Florida, leaf 	 spot (C-eCospora sp.) and red spid~er (Tetranychus.

s.-takthe folige and 
in4'several countries Centrosema mosa.
~4" 	virus,4 causes of, plants. 
1 tt~cum sp. )'has been observed inFlorida (Lenn6 and4S noda, 

4'4' c ' 'stunting and death Anthracnose (Col-- 4. 

$4 

isasigiT-Iantproblem inBolivia (Sonoda and: Lenne'.,,
 . 
' 1979) 4and Brzl Ohr fungal pathogens~ are. listed by ~onoda and i~

L'enne ('1979). 44~'4~4~>1. 
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Grass-Legume Mixtures
 

Centro is compatible with a wide range of pasture grasses. 
In several countries, centro/guinea grass (Panicum maximum) mix
tures have proved very successful. In Brazil, Malaysia, West 
Africa, and South-eastern U.S.A., pangola grass (Digitaria decum-

Dens) has been sown with centro, but this mixture is not very 
successful in Australia. Other compatible grasses according to 
Bogdan (1977), Skerman (1977), and other authors include Cynodon 
plectostachyuil (giant stargrass), Andropogon jayanus and Chlor
qyana (Nigeri); yparh1enia rufa and Cenchrus riliaris (East 
Africa); eturop,,j n contortus and Penn isetum polystachyon (In
dia); M&F1nis ilul f!Tori aKnfcum coloratum, and Pennisetum clan
costloniT-A'-s r- -1 -Ponoi]setoum purpureum, Ischaemum indicum, 
rac ia- ia hu diCuu a, B. utt1ca, and I. decuhens Pac ific re

gion~vjinp aT7TuOutAU at' an1 9F.'.3nd rceps . 

I, tA ,: i11eT pa r ott it a i surprisingly little cen
t'o, nut it K difiiLUlt to quantity this statement ir a se there 
arc, tm r'kbly ,,, pub! ishKd records of ot ic.l romposi ion of 
,rizd iontrO-Od <t inL , Ali,;) thu proplort, ion of celtrO de
)t I',)oI ao dl Miftt ts o rl(Bow ]iL)9; Al 1] And (, wdry, 1961), 
tckirn i.t Q q A a!., 1971) arO t acltquay of soil phos
ir Ind it' i in 'h'' iata ion rin time to tihe may be 

.,pento ilni,'vr. in gri,,inq trials iu Ugandhia (Horrell and New
houns,, Iq6 : , 19' 9), \u tralia (larding and Cii nai, 1972; 
Allor e t1 l 110; Middleton &_ 1976) and Malaysia (Eng et 
al., 1975 T i: ni ha, often c:i ti-tid only 5-15 percent of tie 

t iiot nx01 ir hh'i . i known tia i Oi ent the'se figures 
a,, on by ln civ but ci, phosphorus or,d iv qtraz ing, defic i of 

u)i[nloy j In. ,ir pr u , h mil )j,'" cauns of low 1 n cot et . Where 

adeqdt t p iniph,,A, hah, been suilpll ied, 30- 0 percent leguille las 
,

ho u u'hij 'i azing ('Moore l962; McIlroy, 1962; birrell 
aid iino , ' 0 ri a lr r ill) in 0 70n). Overgrazing in the 
dry van'n ini tLrpln I. lg in the wet season are other likely 
caus h ., im, lac q'.yi, ,. In cutting trials, tire proportion of 

'rtr' i .n3 v i l d r 'iroon widely. 

iti Air - i-It ii 

Tho, i , 'r,! t nitro.'n fixed by centr o depends on satisfac
tory nodlit i,,n, routih and persistonce of the legume. Nodulation 
failures may due faulty inoculation techniques (e.g. use ofi' to 
ineff ct i,, itr Pim ot Rh zotiuir), or miner,-l! nutrient deficien

'ln or .nnit V .'", 'pn'crTla y l very acid soils. 
in it triaI, a smal1 plot experiments, estimates of nitro,il 

iA1 6dV" Frn to kg perYU I 1M rdirgd 90 400 N hectare per year 
Wa t' o iI' ,.,oo 1959; 'b itney ot al 1967; Odo, et al 

1971). 1 i tion In grazed piTsQtUres mire dit f icult to Tasure 

and v irios tech iques have been used. Under grazing, estimates 
of 2)-_dt) kg N per hectare Ter year have been obtained (Moore, 

1962; Bruce, 1965, 1967; Horrell and Newhouse, 1966; Stobbs, 

1969n). In cuLt ing trials, the proportion of centro has varied 
even more widely. Judging fromi these figures, in grazed pastures 
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cn ainig -15 ipercent legum xaton~oul be: unlieliw e~,ced 100 k gNper-hiectare pryear Wee'nt, ~ -grown'~,~ieas 	a cover crop i~n tree plantatons, 'o.wfee i t ib~te'30-50pecn ftehraei grazed 'pastures,- its fiaioyjt ay'.aproc tehgr'values re669~dd experietly ,~Howe',:the:.aximumf ainiva -o_ cve--cop-cn n1~ng-etare --p o)-~ 

'~The, .chemical, comiposition and herbage quai f 	cetro is~eywelWdcmduented. Nitrogen ;content'of-leafy herbage is typi-Vca11y 34 percent (1? 25' e e rti) ;~rueConcentatins
o6fseveral 'otherelements~hav efen tab lated by*Wlo 
 n~as
 
Sbury: 
 (1958), :Moore 1962),, Shorrocks (1964), anothier authors.'Selenium~levelsiof 0.1 to 018 ppm Were reported yL~ nd Mar ZI

ShlI,(1973) ~mThe' crude.f iber ,content' is 	 25-40 percent,, (0yenuga,'
11957, Wilson and Lansbdry, 1958; Miller and Rans '16),,an hcrude fiber 
digestibility'js onl~y35-50: percent',(Reyes;~ 1955;AWlo'and, Lansbury,1958).,' 3onsequently,::the digestlty of '<dry matter and organic matter israther low,-ranging fro' t45 Jto 65, percent and commionly, only 50-55 'percent;,(Wilisonr'n Lansbury, 1958; Miller an~d Rains, '1963, Johnr 'et.:] 1970;'Aedeal. 1973)' . In_-,one com'parative experiment cen ro wasi 'slihtTy,~_Fejss: digestible than' l'i rtro .(Macro tilium'atro ur ubreumV'~n 4 ~
 stylo'(Styosants; guianensis) butmo
r-6e'digsti eb1tan-'Greenleaf


4dsm mde o dii Dsim-oaT -_LntorItum at the 'same stage I f., rowth '(Reid ~ 
S7et', a]. , 97-3TT'7ome 'cautionis 	 necessary Anin Tterrtin~g thes'e'Es~~tswihhv beenvobtained fr~om cut~'herbage; -In4practcthe digestibility of the herbage actually teinYgazn

~animals "wou~ld be higher than these figures suggst: beue "bfv'pri~eferenutial :grazing of' the more digestible leaf frc ~:(tbs197,5). ,~ 

Animal Production 	 ' ' ' 

'Very high levels of animal production have been obtained fromj~

' well-managed centro pastures. jSome published data, chosen to rep _

i. 	 resent a range of locations an atr il6e,-r smaie
in Table 2.4. The greatest animal productioin 'so'far recor'ded ,(928
kg 	 l iVe weightj)gain, per hectare 'per year) w~as 'obtained, on a'5young"'~W~centro/guinea grass~pa .ture.at Utchee Creek, Aus'tralia (Mellor et ~,a1 '1973). This is<the highestV recordd 'animal 'production- fro6<~ny tropical legume-based.'pasture in.te c'o.,irgnu
fertiliuzer.~ The -levels mor 
 comnyotie Tbe2 4)'are of
the order of 30-0 kg e ecae er Year,and these .are'clear>1y~wel 1 below~t'he poeta poutvi ty jof the system. -The: most,commron limitations to 	product'it re climatic (164,r'ainfall," low 'temiperatures) and'nutritional ('inadequate 'soil fertility, failure'
~ heRhzoium syibios*s); Reducedaaimal 1production may alo
r"resu1t from .undergra'zing or ovrzi;i nin oecs 
 from 1 

'"""genetic. limitations, of the grazn nmlhwvr vntog
 



TABLE 2.4
 
Animal Production from Pastures Containing C. Pubescens
 

Location Ibadan, 
NIGERIA 

(a, b) Ngetta, 
tc, d) Serere, 

Utchee Creek, 
AUSTRALIA 

Rio de Janeiro, 
BRAZIL 

O ANDA 
Mean annual 1200 1400 3250 1300 
rainfall (mm) 
Associated grass Cynodon 

plectostachyum 
Hyparrhenia 

rufa 
Panicum 

maximum 
Digitaria 

decumbens 
Superphosphate 
applied (kg ha- 1 

year-1 

(a) 190 (mean) 
(b) nil 

(a) nil 
(b) 250 

(c) 250 
(d) nil 

(a) nil? 
(b) 250 (1 yr only) 
(c) nil or very little 

150 (mean) 

Stocking rate 
(beasts ha ') 

(a) 4.2, 6.7 
(b) 3.2-4.2 

(a) 3.5 
(b) 3.5 

(c) 4.8 
(d) 5.9 

(a) 4.2 
(b) 4.9 twet season) 

2.5 (dry season) 2.4 (mean) 
(c) 2.7 

Liveweight gain 
(kg ha-1 year1 ) 

(a) 300-370 
(b) 260 

(a) 345 
(b) 420 

(c) 500 
(d) 670 

(a) 470 
(b) 750 410 
(c) 580 

Liveweight gain 
(kg beast -1 day -1 ) 

(a) 0.18-0.23 
(b) 0.21 

(a) 0.27 
(b) 0.33 

(c) 0.29 
(J) 0.31 

(a) 0.31 
(b) 0.56 0.48 

(c) 0.59 
References (a) Okorie et (a, b) Stobbs, 1969b (a) Grof & Harding, Aronrvich 

al., 1965 
(b) Oyenuga & 

Olubajo, 1966 

(c) Stobbs, 1969c 
(d) Stobbs, 1969d 

1970b 
(b) Mellor et al., 1973 
(c) Mellor & Round, 1974 

et al., 1970 

00 



82 

ani~ roua ion may be wel I beIpw the. potential level i t, i s 
'Ulmuh grete tajh cied-nufertil ized pure 'grass 

pasures,' rae~h~?jita;~ do 

'THERCENTROSEMA SPECIES 

C.sp. aff. pubescenscv. Blalto J 

Material. simi arp- to.c.Bl]t a a:etjtdntr 
~latitude) an spiecially' in hpumid- uplandars (600 )0O~)~' 
Mexc n otRc (ui iratmld climates 'of.:apdak..
is 14966)'.. Belalto (previously :Q8333)Ki 1h~j I~ycmeial cul-

X tivar. a'nd, was collected on the, San Jose6Plateauf (elevation -600wm
 
annal~ainall2400 mm) inCosta Rica.(Grof'and Harding-4',970a).'
 
Thesoi was volcanic ash ,an&atthecollection site deri~d fromi 


A;~'was Ihighly,fert e. .Bel al to is., sim 1 rt bsces'ade
 
pience witWother1 materiial ofti yp s 9g 

;--Belalto' i~ rather more prostrate than the::commeca frsof. 
vC. pubescens, and differs' in several obviou~s Veget'ative orfJl1oral~~ 
character istics (Harding and Cameron, 1972)<.>Its f-lowers are ,more
 

~-Purple, its seeds are lighter incolor, its :leaflets more-roirdd,Y(
 
~ and-growing points (including immature .leaves) often .have'.
 

reddish-purple pigmentation. It' has 'greater stoloniferous .root
development than comimercial C. puece and will grow at~-lower K 
temperatures (Grof and Hdrding, T970a_)7 It is more resistat thian 
C.uens to Cercospora leaf spot and~red sp ider :Tetrahychus~ 

IAustralia, Belalto has proved to be a very successful le
gmonthewet tropical, coast of.Queensland near South Johnstone~
 

(lt W ,ana'rifl 3400 mm;,humid semi-hot tropic'al clif
islss 'uccssfl o nerbyless fertile graniticisoils,,wheth


Srainfallbis considerably lower.) In this environmient it associ-~ 
SAates, well -with. guinea grass. (Panicum maximum), and 4 resists 'weed ~4 

invasionibtterthan common centro (arT arding:,',1970a; Hard--
Y-.ing ar'd.Cameron, jg172) In1malI plot trials .at several Iocatlions- A 

iinsouth~rn Queensl1and rainfall1 -m; ,vari4Iat .25 -29 'S-, 700- 1000 
ous :subtrop ical c1imates. accord ing -to Papadakis,1966) on a,range~yz
of',soil types it ,has, grown,, poorly or 'ailed to persist du#AIng dry~

.conditions. However atBeerwah ,(27*S) (herethe-rainfall ishigh-I
 
~er ,(1600 mm; cool ~humid .tropical ,climate of Papadakis 1966)A
Belalto has grown and- persisted ,well in both cutting 1n d grazing 

f.TA rate (Tetzel-t al.'seeding of 55Vkg/hais'ecormndd 
>~974 ~God eeded preparation, is.,'advised, but successf estb'; 
4lishment has, ben obtained by sod-seeding Belaltot Ipto a legume
deficient gu ineagrass 'pasture (Hard ing' 1972)~ Ipoculatil ni-with~' 



th'cmmercli, C.~be c'n strain ~of"Rhizob miriesults vineffec 
tive) nodulatidn.' , trogen fixation 'capabilIity, has 'not', been, mea-1 
sured..: Fertflizer 'recommendatiops, in~Queensland Australia,:,are .... 

thaeas those for C. pubecen 

i 
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Once established, Belalto survives well 
under grazing. This
 
has been atttributed partly to its strongly stoloniferous growth

(Harding and Cameron, 1972). Animal production under grazing is
 
currently being measured at Utchee Creek. 
 In this trial, Belalto/

guinea grass pastures have persisted for 5 years at stocking rates
 
of 3.7 the wet and
beasts/ha during season 
 2.5 beasts/ha during

the drier winter. In one period of 192 days during the 1975 wet
 
season, these pastures produced 508 kg liveweight gain per hec
tare.
 

C pascuorun
. 


C. pascuorum is a self-regenerating annual species, native to 
se i-r d r-gurs- with a long dry season in the South and Central 
American tropics (hot tropical and semi-arid tropical climates of 
Papadakis, 196o), Most herbarium species and living accessions 
have been collected in northeastern Brazil, but the species also 
Sur, indrhy parts of Guyana, Venezuela, and Ecuador, and in iso-

IatU parcket, in several Central American countries. There are 
,'vear area; (e.g. the GRaj ira Peninsula in Colombia) which are 
cli ma ically si table but which have not yet been studied floris
tiUI 11, so tne ist of cont irned lrcati(r -> may eventually need 
il revision. Tiere are reports in the I terature of C. pascuor

umii ocCurriy iilsouthern Br32i I, Argenit'oa, Paraguay, anJ l-e
where, but in all of the cases we have investigated these reports 
navy rtsul i ftran incorrect class ificat ion, and the extreMes of 
the latitudina] ranlg, appear to be 16N (Mexico) and 10-12'S (Bra
zil). .Wi t r.04lat itude, C. pascuorum has usually been col

it t trii area receiving 10V thir- tTM riiii annual rainfall . It 
nir,,been found i n higher rainfal 1 a' ae in Venezuela (1000-1500 
n);i owever, where there ih a reigular, severe and prolonged dry 
, tOi (4 toi6 mont with In s than 50 rrar of rainfall). 

Wii ii the'', t 1imiati c boundaries the species is found on a
dversity or soil type!, With a pH range from 5 to 8.5 and a tex
tare range tr anid to heavy clay. The perfor mance of individual 
access ions on d rin r of soi types in AusLraia, and iilglass
house experiment, where the pH has been varied by applying lime,
suggeqts tiat, a 1 oor Jeal of edaphic adaptation probably exists 
Within the is not known thisspec i,-s. It yet whether includes 
variation in phosphor, ret o;iremnt, an the nutrient requirements
and fert i1izer responses of C. pascuorum have not been studied. 

The first collect ons for agronoirc evaluation of this spe
cies were Mrade by R.J. Williams in 1965. Assessment in plant in
troduction nurseries ,owmenced in-1966. Within Austral ia, these 
or subsequonit accessions have been evaluated n sial1 plots at 
many sites in Queersland, the Northern Territory, and the Kimber
ley region of Western Australia (Figure 2.2). C. pascuorum ap
pears to be best suited to the monsoonal tropica-cliMates of the
'Top End' of the Northern Territory (e.g. Katherine, lat. 14°S)
and the Kimberleys (e.g. Kun'inurra, lat. 1-YS), which correspond
to the hot tropical and semi-arid tropical climates of Papadakis
(1966). Here its annual habit allows it to escape drought stress 
and regenerate during successive wet seasons. Near Townsville 
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(lat. 19°S; semi-arid monsoon subtropical and hot semi-tropical 
climate of Papadakis, 1966) it has persisted for several years but 
is clearly not so well adapted, while on the wet tropical coast 
(South Johnstone, lat. 17S; humid semi-hot tropical climate of 
Papadakis. 1966) it die,, not persist. In the latitudinal range
23- 85, most accessions flower too late to enable seed to be set 
before the winter. The earliest flowering accessions do sometimes 
set seed, however, and several accessions are able to perennate 
through a v,.ry mild winter arid flower in the spring. At these 
subtropical latitudes, even if trie soil is mi;t the species does 
not grew well durilg tihe spring hec s, temperatures are too low, 
and comipetition from ,iotherspecies in too great. Thus, the Aus
tralian experience 14 itrest nt with its native distribution, arnd 
suggests that it-, ,ra of piotent ial un- ay be restricted to the 
seasorna Ily arid t ii . 

Sifferenio ini lower rg ato of more than 5 weeks between
 
accessions hay, been observed (tlem,, and Willi ame,, 1980). Fur
ther plant co llt in may re~v a much riater rantn if flowering
 
dates and thus al low pl rt broldrq iunI , oronani',t to select
 
l ines adapted Lo erriironuenot wi ii shorter o"rlnq,,r nrliwing sea
sons. Flownring t iu i' ',itroingly iunhe t Ii! hyorids usually
it' 

flower at date' inter iiiiat,: Irot ri thsi if ! I- parent a, sirc 

sion At athirine, N.T. Australia, acciii with reur-optimuis
 
1Iswtring dates hive yuldd mire than NO Nj ot sn per hectare
 
insmall pIlnt trials (ondumt t d y W. Winter,. All v', oins so
 
far examiued hive 1i0 pert'iit i mund ft 'rbud ,n, riately seed 
dispers al A rdfll? of irnensi oii is (arrnt ly beinjn1 reened to 
establish whe ther t ri i on varii tiii iOh, e o r)eak
d~ownl a)f h lLrit], rh Si ltnouh i annual MR i4 probably th in dr'ought avoid

.i'aLtcuc ti, ,0ecies c olorate 
severn, IritLr .'t ni0rdrig the vngntat ive phas, In hot the 
once urn h imsi i pC. , the in quit,,

r'u 
Austra liii ulat ,iop n aid LrOprC , if drough t prev r.nt flowering, 
sneli iniqii, will pern natv. It hansbiien sugjgested ttat, the char
.cter M ,il r l ir, tim in which the leafi ly ow f nnt and manner 
lets 04- inS MM oaty), enable therai tihMSo (pah ihon 
p no ) t I i 1u is ture conservedt kn 'p 1' vve Wil rio is 

and 198). 

loaflet 'ec n stamfi y Si ler, nir' ')w''r niud nor'e hairy, and
 
( nmarK WtII iin, Dr iig drought, newly-produced 

parah,] ii M t;yii)in) innhe' p oiiu n 
nIld,thie hand,nr ci i othier where 

muistur, in plolnt iui mrany eol)ps stay show striking stolorifer
ous roe i dvelopmirnt, pnrticularly on sandy soils. This is en
couragen by the prostraite growth hauit of the species when compe
tition t', absenit., HoweitdritCn can adopt a twining,hkne .
scradnbli g habit in opstura'q, an Mhii ornailn it to compete with 
assoc iated gragse. 

C. pascuoruu is sustceptible to a root knot nematode (Meloi
dgyne sp.) , but this appears to be a prohr m only in experi-ents 
involving widely spaced plants, where deaths of individual plants 
are obvious. The syiptums and severity of infection vary aiong
accessions, but it appears that none of the accessions in the 
existing collection is completely resistant. Individual plants 
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Figure 2.2. 	 C.pascuorum growing at Katherine, Northern Terrn
tory, Australia.
 

are attacked by the legume little-leaf virus but digain this is 
only a problem inexperiments with spaced plants. Thus there are 
no serious disease problems at this stage..

The Rhizobium specificity of C. pascorm is not known. In
Australi57seds or seedlings have beeninocul ated routinely
using the commercial Centrosema inoculum, which has resulted in 
excellent nodulation with -all access ions. , The amount of nitrogen.
fixed by the species, has not been studied and its fertilizer re
quiremients. are unknown. In all experiments so far, the known soil 
nutrient deficiencies have been corrected. 

C.pascuorum. has not yet been adequately tested under grazing
but oeinforma ion *isavailable from experimental sowings at 
Katherine N.T. Australia. Yhese early observ~tions by W.H. Winter 
suggest that the species should persist well once itisestablish
ed. Because it is' an annualI seed product ion in s itu i s essen
tial.. 	 .. 
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1, I- d ti (ure . . _C.vt.(-ni.i_ ilim C 1P-1+ o1 oct. d fr'Im northern 

Argjent irH. 

[i-fOrIilt ion) orI tht' inrIioiceh I C. pascuoruTm iii other coun

tries is maitfor. Pt'lirfinary reu ,tsfrom Khon Kaen in Thailand 
are fuorable, D only uIderate suess has been obtainedDI, in 
F1orida. At, %eronq, Mll,ayia, resolts have ben vry disappoint
i111. 

C. Vir, IFIIIa 

C. virliniarum (iicure .. 3) has t e ite).1 t iiv( naliural 
distr'ihunon IiI ithe Controsemi sp io:,,occurrindh il0l,or 1 
conii ntii yi I ( ui i t.jtoll. 3,,) . 1 lruqu,iy Arolint ina)l / aid t.)40°l 
(eastern . ). ,'ithin thil, xt. I'l 1v,, r 'l it rl'I" bo Ion; Istt 
Collmonly Col .od fI . il , . Ir, hWhic (ill 1.-h0111111_% l Icl i'-' h i I 
annual rainfill) arid ,'htrph icil by virttw ni lt i or 
tude. It nir heon oc,-,4, )nally , lloctrd Ir r rii l opical cli
mates, inc ldin, h Sill-l id rt'qion' of Braz i, bit is 'irely 
found in the wet lIrop j,. Ii , i I', th1 sIHS a geaLt.tribut ion U 
range of 1ililat, ' 3 (t:Ord i1l to )l),pIdak is Bec of1 ( 1966). 1se its 
wide distribution it possesses a number of forls or varieties, 
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some of which have been erroneously given separate species names 
(Clements and Williams, 1980). The forms studied so far have
proved to be quite cross-compatible and should not be recognized 
at other tha, the subspecific level. 

C. virginianum is a perennial, twining plant. It is rather 
like C. pubescens in its gross morphology, but generally less ro
bust, with narrower leaflets, more continuous flowering and seed
ing, and li ttle or no stoloniferous root development. It can be 
usual ly distinguished frin C. pubescens by its calyx characteris
tics (all 5 calyx 1 , i Trs longer the tube, andly much than 

mre 
nearly of equal lehth tia in C. pubescens) and its seeds, 
which ar, usual ly cyl indr ,t in shape. With experience, the two 

Si,, i h: se,parated on zanly other vgetative and floral char
a tto n it Jri. Lhiq ly hav often been confused, partly
because tN Ldlyo. S acteri i are not: always distinctively 
dittkrM'i
 

vii nrjianjii i; g retically tile most variable of all tire
 
.ntris., cpoci, (Figur, ".4), particularly for agronomic char
iti's qu i a, vigor , flow ring behavior, frost 'esistance (winter
 

su:rvival), and druqht i ,i tam (Clements, 1971d; Clements and
 
aMn, 1971). rhin variaioim, couple with the wide distribution 

h e , i pspnii: , ui t, ti i i iti La a itful iastire leg mte in 
t I t r pit: , ttiiiiiiih A rupi', uL it ive col letlioi of iltroduc
ad lin . i 
 V ljated in Liiiil idti nei has irtived suitable 
or ,um r il un, ( Ime i'ni / . By',)lant lpitnyg, however,1 71i 'i

:,)a ~ ri" mialy po.)O':ta,t o rn[te lilHt ? the. vit!i,, of the .frop~ical form'ls 

,W tJ ii p l ill ct jrq and ro -urvival f the ;utropical
 
,t Yl", ii, pr odi (n cImm,,L idly .icreptal varieties
 

Cv r i n&h ii , na- Ilc from awde rag ato A oii ii 1 n
 
n t in A r wi L riii t 4' ia ' I i s have Wil en shad
j ,. i it . a ': I t t' t , t I inT!Man C. pilbe C3 l" hi t, I el ; 

l i tL y i 1 t4&n (p b. 1-v.5, A.t 11and aktA, 
,M1 iy PHii(r .I, 1l i. n, t . piI iwi I p , nt .' 0iI n 

piirp 1,s it iit 'I , - r t1,'rli,-' 	 pi hLij t im (0-10 kg r ati-t ar, 
per y art) sin ,i r rrr l ; timy ii. i t i n o, i i 1li in', of phN'a

ry i Fi a iih i rlt Iit i : i o.llof thizobiu , ff.ctivou t niiu' it t r litr tlwa,i " it 7'(J"W ti and arid ttii. iK 1 , % inutl "Ait eline. S d-T ot t~ injperI ar'het,rn, t r vtst !11 ?"Ot Ii t to yis ahlish-in orrStiprUinaii tu o 2-35 	 iven etlbil( 11>dtft'eri' artg h tvu t r t T Lrt7 o ' i ur] tit (I~;i mt 1i1i l6Pt ). Z[,'inert. ( r tt 1977 a rae rVh included i nchrus cil iari at Naral iai yr nsiiglii ave bee,i ri nouin iii fil e'\t O hi I 111011t'ai ntl . e's rch S ta.ioe , uen , o I s td: T udaeri g'a fnn iIv-Indi 
rt infall at0 anr)SeLaria aps , t erah t',ahl aaton,
vueensla d, st).Australia +,infal1 160U C.vi Q 	nrianlm appears to have no serious; pest, or diseas e problemsi.-

Laboratory tests shown) t.hat inl viLrn digestibil ity ofhave qr 
leaf Mlaterial (541-59 percent.) is similar 6--t-- T wt o (MaIfcroptiiun 
atropurpurezun; 56 percent) , but stemn digestibility is somewhlat 
Iower- C~eTiii_)tL,,, 19 7 7 a). Thle herbage i s ac cepted read i Iy by Cat 
tle. MOW=s~nc and productivity of tired lines under .grazing is 
being assessed at B]eerwarl and Narayen, but, thesei- trials are at a 
very early stage. 
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Figure 2.4. Pods and seeds of C. virinianum (a, h, c) and C. 
pascuoruin ((J , 17 showing differences inlsize and 
shape. 

C. schottii
 

C. schottii is so hroad-leafed sperit her cos 1crambling, 
cles, simifiar in nany r.-pocts to C. plumieri, with which it is 
often confused. Figure 31 ofi kermi 1n (T, 1)-is in fact C. schot
tii and not C. plumieri as it(icat.ed in the caption. The two 
species may he separat ed un ay count.,m part icularly by the shape 
of the terinan l le it It ( latet ,lily lobod oi'e strongly in the case 
of C. schottii), flower co! lr(mativ for C. schottii; white with 
red marking, or mr-,nrirely red for C. p1 olie i) and pod charac
teristics (C. schottin [arIowr,ih typ ical ly palehat po s, 
brown to yellow wen ir pe) The seeds of C. sc hott ii are smaII11r 
and often have a dull, fizzy ,ltppemarce when first harvested, 
quite onI ike the hard, shiny seeds of C. plumiPri. 

In nature, C. schotL i has a restricted and disjunct. distri
but i on , and geographicall-y- isolated collect ions have incorrect 1y 
been given several different names . Thus in Brazil it has been 

http:it(icat.ed
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called C. macranthum; in Haiti, C. haitiense; in Cuba, C. lobatum;
 
and in Argentina, C. kermesi. It appears to be most comnon on the
 
Yucatan Peninsula of Meico(550-1500 mm annual rainfall) and the
 
Pacific coast of Ecuador. In these locations the soils tend to be
 
strongly alkaline, and perhaps it may be specifically adapted to
 
neutral or alkalire soils (Clements and Williams, 1980) rather
 
than to any particular climatic regime.
 

C. schottii has been grown in small plot trials at several 
locations 1iAut ralia. Its best performance so far has been at 
Katherine, N.T. A thaouujh evaluation of the full range of varia
tion within the species in needed. 

C. bras i I lianu 

Q brasiliaoim han a wide atural distribution in the South 

Ameriica -oi6t' ,but it is part icularly coimon 10 semli-arid 
nothithe~rn razi (iht tropical and semi-arid cl imates of Papa
dakis, 196b). Altittugh this Spncie s has also been found in the 
humLid Attatz tian region, its greatest potential value lies in the 
drought resistaitc of the dryland ecotypes. The present living 
collections contain Only the Most coMMt ftan of C. brasilianum, 
which ha, rathtr narrow 1,' itf adrwsIendipr %t,''. Broad-leafed 
forns are klHOdt to e st, antd trt et te several closely -elated 
species which itave tot been ctollected fri evait,,atiou. 

Tie ace'sitin in tihe tralian01 L( tan do ntot itouulatetust 
effect ively witt the cItr c1(ial CtOt.to strain of Rhizohium, which 
h , limitd oment s s t of t r , i Alsothe A t, qr i uIturaT--v-a-1 ue. 
there! K, 'tlit evide cle thait th spotcies i riot. well adapted to the 

't art,',, hut it i 1 he' to e 'n.i y to collect and evaluate iati'
i kttt, t, itt. iwtIi I tt e Tir pic of Ca pricorI (Chiaco regio I) 

loo t , tlh i',a atf adaptat ion cat te defintd.
 
Whe' fKrU r',,aintdicationl of the productivity aniddrought re

it t : . i I tt w alto t tin W.H. Winter illta an d by trials 
it Ka i ntiE&I! AritiWi and by R.I. Burt int itorthert Queens
land, whter it, du it t it ih native rhizohia ccurred. This exper-

I t I '. 'taititt: evattatiii If the cnl lection, and 
to th praliminAryi stt C. brasi lianum utnder grazing.- <,.;,m tof An 
tK tivo Rhiz ium stadin ha&, tow beon "Itlj-tetd irontl Katherine 

_C p- I u, i r.i,a 

C. pltuaiti ii 

lhi t,,lt!-k .i specie is a scrambl in p1wr'enoial with large 
lo '4', rnott thic ste-il',, aid large, ittracL ive flowers. Be

t i o t it-, V itoi, it a t one t im grow avn cover" crop oil 

plaitat it i Ol v and the Matlay PenItnnituk (Buttkhill, 1935). Al-
th lh} i t jr'ov.; weI intill(.! wot t o i:, (e.yj. humid, semi-lbar, 

trupic i att ,4 of Papad kis, 1I '), it, wide iatural distribui
tion/ yxt~nd, into sui-hum!id ,liitt ,. Ut is part icularly commonl/l 

in to' C.tribh atl rijiOll. 'Vs with C. puttstols, the cultivated 
formns ar rat ivly hotlmliot, but--ertat inns iderablee-tots diver
sity ltilong t e small iuithi'o of accessions that have been obtained 
by field collection in Soith and Central America (e.g. character
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istics such as flower colcr, seed size and 
color, flowering date,

and plant vigor). Until a representative collection is obtained
 
and evaluated, our understanding of the adaptive range and agri
cultural potential of this species will remain incomplete.


C. plumieri has shown some promise as a pasture p1jilt. When 
it is-al1owedto grow without Jefoliation it gives high herbageyields (e.g. Grof and larding, 1970a), and its digestibility is 
superior to C. pubescens (Reid et al., 1973). lowever, the genet
ically restricted range-of .nate-i1that has been tested does not 
thrive under close cutting (Grof and Harding, 1970a) or grazing. 

GENETIC IMPROVEENI
 

Each id ti CentroseMa species we have discussed is geneti
cally variable. AT--starl.iog point, improvement programs should 
aim to exploit ti:n naturally occurring variability. Only if Lhe 
desired com inatioc rl harcters does not exist within the availo u 
able genetic r' ouirce ihuuld plant breeding he corsider'ed. Plant
breeding is lon q-tr in nature, acd requires a hiqh level of cocci
mc1tcce t by breed'olers ,cidtLce ic tiLut ions that emiploy them. 
 With-
Out a substl inii l I cutec is of ticce icorl,',, acid facilities,
p1 icctbeed il i, ccli',ely co -,lC(cied.
 

Sccreeil ol iiW o dacc' ccI ylcyps of Centroscma species has been

corcducted or c ir cciilr p ,, in sivecrdil coust rTes (Australia, Ccl
omcbia, sui ropici l U.S.A., Brazil, Thailand, anid Malaysia). The
 
informcatin i friccedIcc Alcc 'ct his regiial evaluaticc is of fundacen
tal iccporL 
cie tLiplant c lc'(rs, agroccci sts, and taxonomists. A
small proportion f ti! has publishedc dat.,t been (e.g. Graf arn]

Harding, 1)/0,a; icoitz, 1971; Hlrdicg, 1912; Clnietts, 1977a;

Kretscher, I/Y ; hccwvwcr, cmct of the inforcatio 'ec..ins unpub
lished acccd Proclia cnpcib isiild e in scierci. journals iccits
i ly tic 

presecnt forc. thin in i'nd2"L accd aile, because a g
c witic conctiuinc

c'ccci 

the whole c01T coc c' ci icicccics iicle, arid evaluat ion proceeds

irca piec omea I lashi , Cc nccrront witi the assecbly of large

col lections in few mcajrc t"i.eL,, we ho lieve wiIattecpt should 
be iade to c-',)!ate the regcrial t a a which hce 

inflow of lar p r of .(cc:ess nios a coctecporary evaluation of 

dca ir, foric can ccade
available to collabo,r'atini institution ,. The cu rect trend to
wards cocpcuterized data storage acid retripval systemn, will he of
litt.le valoue uiP5.;s these sywteccr. are used to prod(uce cataloguces 
of orijicc aid performcance inforccct ioni.

All Centroseia ccl]itcars currently ici comcccercial use have 
arisen fri'uc-TicrdIly oCciurr ing caterial. Tiey include the Coon
strains of C. pubescens accdits Brazil cdc cultivar Deudoro, wicich 
was col loote2d near accord inrig S acidc" i'de Janeiro ti to de Lucas
(1972), acid h . sp. aft. puhescens cult ivar Belalto (Grof and
Hcarcdig, 19%dc). [hcre is liltti douibt that .ice willvarieties 
be released as moce iclatirial is acid evaluated.iclleCtdc 

Most placit breeding work has Wei 
 done with C. pubescenq. In

Australia, and later inColumcbia, Grof (1970) has-br- i gh yield
ing, stoloniferous lines which are resistant Cercospora leafto 
spot and Centrosema mosaic virus. A new variety derived from this 
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bred material is presently being tested under grazing in Colombia, 
in association with Andropogon j . In Brazil, Surpa (1972,
1977) has bred lines with more rapid seedling growth and early
nitrogen fixation, and is now breeding for resistance to anthrac
nose. Ser a's material appears to be derived from crosses anong
C. pubescers ecotypes, rather than interspecific hybridization as
reported, In Colombia, Hutton is attempting to breed for toler
ance to high levels of soil aluminum, a significant objective
but orie which may be very difficult to achieve. According to 
Schultze-Kraft and GiacomettLi (1979), Centrosema is not a genus of 
indicator plants for infertile acid soils. Although some species
do occur on Oxisls in te Colombian Llanos (notably C. angusti
fol ium, C. mac 9carpui, and C. venosum) the occurrence of C. pub
escens on sils rare, it found adjacentis ruh though is on gal
lery forest soils which may he more fertile. 

Therm is ampi c pe for further R,'eeding work with C. pubes
cl ls. ir'e.hrs SO far have corcertratod on some of the important

TT- ielnc i to of to species, ht many other objectives could be 
ju'titind. he ,, include drought resistance, cold resistance, 
brtf,.. h !gy quality, and notre N ficient phosphorus utilization. 
ir!ioVhHr L i'n these charaicters woultd hav> a major effect an the 
Ida dhil.ity and economic value of C. pubescens. 

In it alta , Clement s (1977b) is c. irjinianul for 
,uon uid -Uilt'opilt rodit ii and C pascuoru -( ienents, 1g79)

Tor tht i ,n, ITly arid tropils, Thes proq rtin are at an inter-
Mdi. t "SOWpl' :S W d ' be.en iate within C. schotiT,. n 
1i , v. Ai _. u t,anid q. luinieri but their as been no attempt 

__ t - ;i;n i'T frlo the priori)y. 
t'iuj l i(,n w)ro ,ori , , -d,-d i., r 1o it eviluton ary and genetic

Itiat n ip L.i HIn i . T11 1 Parti ularly true far the 
qroup o1 iM i. t i,,/ relat to i p n r , ii.c. C. (randi

ull, n d,.tit - naqt if( C aroc taer . i i .. iltiui, and C. 
iiti I c1i.- I t-ii t ;if -, , illy hybridized i i 

th 1, tnC p-n_scens, n, i totrL . pubescens could be 
,reat. y ex itrd, ,t in i en np itirula -reTttonships are the 

most aijr'iCltur.t ii ly: S ni tl Wl, s e rl ohtn r" taxonomic problems 
will Onl y !t0 ti :, -in it m. d bi chnli cal studies when 
living material of rare p- ini 15s oh lairn d. 

CONtCLUSCIONSi
 

Two general conclusions atemrere fro',m this review: 

(1) Wie ionili potential of tho genus as a whole is poorly
understood. 1he cul ivated forms iA C. pubescens, C. sp. aff. 
pubescens Lv. M I , and C. plumieri only represent a fraction of
the divar ity within Centrosema. [he remainirig diversity is al
most ntaipped ard aIrgely unexplored, out. there are already indi
cations thit wverl other speci... may have agricultural poten
tial. Further plant, collection and evaluation should receive high
priority in future research. Only when representative collections 
are available will it be po.,tile to carry out the agricultural, 
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genetic, and taxonomic research essential both to an understanding
of the pattern of adaptation of th' genus as :z whole and to the 
recognition and e!,pment of economically important species.
 

(2) The performance of pubescens in pastures has heen 
shown experimentally to he pcti ia Ty very high, hut the level of 
performance actually achieved is of ten much lower than it shuould 
be. In seelng to understand ind c:orrct the limitat ions to pro
duction, information is scarcel'y past the pioneering stage. 
Whether it is used as a postdue pldnt or i cover crop, a major
requirement or C. pubescens is that it must fix large quantities 
of atmospheric nitogen , and it wil only Ce this if it produces 
large quat ities of herbage, P:lanit growth and nitrogen fixation 
are inextricly linked. There is need to know much *)re about 
the legume/Rtz_,umi m fub ais 1i centr(e, but.studies are also 
required on tht partiLcular eci,-tr'icities of the plant including 
its reaction to pests and diseas nd to grazing nressure. In 
particulor tliere appear to b probleim, of mineral nutr it ion in 
pastures which are poorly understood. Perhaps studies on the 
comlparative outrit requirements of centro and other successful 
pasture legumes will lead to proqress inithis area. 
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Desmodium 
B. C. Imrie, R. M. Jones, 
and P. C. Kerridge 

THE POTENTIAL RESOURCE
 

The genus Desmodium contains mostly perennial herbs or sub
shrubs, less comimonly shrubs, and rarely trees. Desmodium is dis
tinguished by its jointed pods which are usually indehiscent (do 
not split open at maturity); a few species do have dehiscent pods. 
The genus has provided a number of species used as pasture and 
fodder crops, as ground cover and green manure, and in primitive 
medicinal preparations. Desmodiums are commonly known as tick 
c lovers. 

TAXONOMY 

The following brief summary of tire taxonomy of Desmodium fol
lows the classification by Ohashi (1973). Ohashi placed Desmodium 
in the tribe Coronilleae, subtribe Desmodiinae, together with 24 
other genera including the closely related Codariocalyx, Dicerma, 
Dendrolobium, Heqnera, Phyllodium, and Tad,119. Other authors 
-(.. Hutchr nser-,-4) Tlevated suhtribe triber-have the to rank,
 
the Oesmodieae.
 

Ohashi'sclaitication based on Asiatic species, uses the 
broad germs concept of Desmodium to be "an assemblage of consider
ably heterogeneous ".cies groups [that] cannot be divided into 
sma1ler geoera dwu to the continuity in main characters." This 
concept appears to be shared by Schubert who has published widely 
on tire taxonomy of ;nurican and African desmodiums but has not 
produced a compreiensive monograph. Schubert (1963) recognized 
tLhree subgerera in the exican desmodiums and considered inflor
escence and lonrent (segmented seed pod) characters the most useful 
for classifying species. 

Because of tire wide morphological variation in Desmodium and 
its close relatives, the continuity of taxonomic characters across 
species borders, ard the opportunity to base classifications on 
different corbinations of characters, the classification of tile 
genus has receved different approaches by taxonomists and appears 
somewhat confused. Estimates of the nulrber of species have 
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varied, but it is most likely that there are between 350 and 450
 
species.
 

ORIGIN AND DISTRIBUTION
 

Of the <even qerira recounized by Ohash i in subtribe Desmo
diinae, five atA2 r't tr icted ini the ir distribut ion to Southeas-t 
Asia, whereas 0-smiodium arid )endr,.lobium are aitr" widely distrib
uted. Because-oT tUw2 r.sefnce or ated qener, aod tle degree 
of different iatr i li th subtienuril and n.pecies levels, South
east Asia is consideredIo be the coiter of ericil aid primary 
center of differetilation of Uesmodium. Moit stece oCCUr in an 
area incorporatinq Inria, Bura Thirtard, Indo-China, western and 
south-western (-hi ., and The center of diri'alaysia. nocnd major 
versity of [tesijia l i>n in Mexi(o, with tie lexican sp.ci bing 
(istinct -rriri ii Jr iiinaI inq! in Asi a. hi alddition to these 
major cenLart. Aqhtdiud 4 air founi i" =t troi il and subtropi
cal parts of the world. ] iVY eten reputv in the Floras of 
all Cort. inents ro.apt Europa. DiSt' lint i it slocie atcoird .ing 

to the Int ex wm 'iii is 1 Ioii') in equatorial regions 
°
 (O-W0° tat. ), I i i I-,tr a aI nt "uhl tp :i d1I cogir)en (10-?5 

i',  
tat.), awl 10 Si, in ,m ,rit.- r ui)nq(.tmivi- 2Y lat.). 
,
istr ihtl.iii to It i ", itt i1"t nIrItlr iciitturat 

poteniti al is 5n tol low
 

0b. dsi tiltl rr, -- A i I ( 1n1i I Laink 1, h I inl, Mat ay
11i . , i 1 trtati: cra, , n Ia)'I' , ', A f r A iLo Con.-
Lral A1h01- . ,uil illo 0 0t''1110 0q,', andJ Inar'tn rnl Sou(th iAnher-


D. obarb t,-ilt - ii 0 ct"i i 
but al"o forlilwl< .
 

witel-y - i " , itl, iii Cat l!d t ol i 1 (' i :I,i .titI ;\I' iC 

(Rhodesnia, -nhi , ,alawi). 
,tO "4 

D. canuit - Central Anri , arid qotifih - tiT a . fa "arsIth 
ai Par'agiu ya n .ti irnt a. 
D. discolor Centrat lrii i I iortheu' tiW I i 'nrica.l adud 
T. cisto i ln t .mrl ic !.
Cen. al.)t 


D. hetereocrlatn - a -trali, 1slaind',Africa, ,o Pat- ifit: .mid 
widespr at lithirthou A I . 
l).heterophy llum - ,-Gutio_ i, th ft I; 1,il aidttu i i it rds, 
S.E. Asia._ 
D. irLtortU i - i rala i t andmi ta, We lhJi2) northern 
.NOU lii Alier it1 
i). saridwictri, - i itatal Americ- and ntortherno Sooth Ainer-

IU.ulrinat lii - 9rdtl I inoBolivia. 

ADAPTATION Tt St0IK ANDhi1] IMATL 

The natural distribution of Desmodiuiii, lbeinrgpredominantly in 
tropical and suhtropical zones, provides te best. indication of 
its clinatic adaptat in. Within equatorial regions, species of 
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Desmodium are found from sea level to 3000m whereas at higher lat
itudes they occur at lower altitudes. Desmodiums occur mostly in 
humid to sub-humid regions where the precipitation/evaporation ra
tio is high inmost months of the year. They are therefore basic
ally plants of warm, moist areas. Given these climatic restric
tions, they are invariably found on acidic (pH less than 6.5)

soils. Their habitat is usually open woodland or forest clearings 
or margins. They are found less commonly in savannahs. However, 
as may be expected in such a diverse and variable genus, there are
species which are adapted to more extreme environments. For exam
ple, D. salicifolium grows well in swampy areas, D. uncinatum pre.
fers ToisT-owands, and D. hirtum is indigenous on saline soils 
in Senegal. 

M1ORPHOLOGY 

Habit
 

Of the subgenera of Desmodium; Ougeinia is a tree, Catenaria
 
and Dollinera are shrubs, Hanslia is a sub-shrubby climber, and

Podocarpium contains mostly herbs. Desmodium and Sao include 
both herbs and shrubs. However, eve within a species there may

be variation such as the range from prostrate herb to erect shrub
 
encountered in D. barbatum.
 

Plant Parts 

Leaf let number nay vary fro, one to seven, with 1- and 3
01i ty l eaves being most common. Leaflet number can vary on a
 
single pl"mL is wel as *mong species. Inflorescences are basic
ally r atme4 with variation reflecting phylogenetic (evolutionary)

relatrinnsh1ps,; more advanced species have simpler inf lorescences 
than I -. ad. nced species. Flower color varies from white 
throgh pink and mauve to purple. Pods have from two to twelve 
seglnelts, ai e most ly indehiscent, and covered with hairs. Seeds 
are gemral ly smnoIth, slightly swol len, reniform (kidney shaped),
transvernely elliptic or depressed rivate. The hilum (point of 
ittarhmen . to the pod) is small. 

Seedl inqs 

The fr st Lwo leaves above the cotyledons are borne opposed
at Lhe first mode. They have imple laminae, no stipels, and are
almost universally broadly ovate. The third and subsequent leaves 
are borne alternately and assue tihe characteristic form of adult 
Ileaves. 

GENET I 

Chromosome numbers of approximately 10 percent of Desmodium 
species have been determined. In most species there are 2n = 22 
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chromosomes. Conf i rmed except ions are 2n = 20 for the African 
species . salicifolium and the A',erican spec ies D. pairteri 
(Pritc hard and Gould, 1964; ROtar and Ur ata. .7). Chromosome 
numbers of related genera arc nst ly - 2_ hut n -: 20 has been 
reported in Codarincalyx (Pr i Lchari and Gould, 104) . Flowering 
behavior and hybrfTzat-r have been 'tIod il .i lii ted numilber 
of specien. Fl-a-wer j r'pTn-s- tu viylmjItth virio'; with ipecie'
and mFay ) in ie it iv (Qt. _ndwicenne), Ion dly ( some ,tra ins 0f 
D. canul) , Or Anrt dy (-.- ntor t.urn,-U, ii nat'i) (Rotar ,et a . 
1967, ,now and Crowd , , 1) liw, cr, flo ,rinq of bnth sh'rt 
and ton.I dab' ,n 1 unilly w I tile theplant hll only i ndnIof 
growing s-- i-on undot fil d wnjit i . Slft-icompttab I ity h as 
not been r iortod in D,si Ai uilmand ,p i ,s ipp-,, ir to be predoil i
nantly self-pollinati v-.ar,ir1 f iMLiiZatioi and need set 
liy be imipoved hy t )pi~n (rhaihTni l i r- rn'i i with a flower 
causing it to , 'lilJ ,eT" ,d ,,s, a ,hwer t ) Imlen ) of flow
ur-s thur' I .iui-- ,ppo},i-ity l" subIL ial oi.-ctoTig where

ar r'.pbees br'n r ely iiin ir flowr tripping , Outcrossii 
'at. up to 35 pi iTe i in D. ,d.Wit ,C , an : por enti. i.T D. in

t I t uii a ivi ' t T .! I ' . 

.i .Iint, . i tic hybri i i z ;tion in dependernt on 
no~w .- r 1"d} t Ir t!. i. rt um ald [D.' ' 11WI/t !),ar'Iu -pt"C i C n D i lt o 

-
s,d ;i -n , i,,iTi T idT y tuouh fI i ' tifcI ioils ii paiiri 
ha it ; ( Ik'r, havei k-,ia 196 iA)%occo,1 il (TTo -. also been 
r'oTp I f " 1Idj lTliina T o ,tweeri I .irlai.uii1, 1). sandwiiit )n, D. 
celis:, i intort ,i, D. ca nun, D. s icophyl 1um, andT I).apar ine,,
U. W Tii C iwter,- 972; Hutfton and Gray, 1967)7 Va

Tid-i-t o- Ltri, !o, M mi ' irli ude either or 
, 

bToth species. Via
bit ity aud firt i Iity of Til, hybrids derived from cr-isses listed 
abtove varied co n i ttrob},. 

flit,nT ib'T f U:(t i, stud i e s 11 i,lied is not. very large. 
Seed Siu (in D. C nur, Q. into)tui m, ). sandwicense) , internode 
and ra ni, i ii It. intortui, i. sanitwi cerise, D. uncinatum)i . 
and rod uI Iit nj i I it .b () -i-rtr tur h1,ae b _e ret)or-.ed to be 
polygeically controlled r-1 5-, -' 19/); and Chow,l 70 a, Rot.ar 
1971; im5it Lon and Cooate, 1/. Sevv r I uriphlogical characters 
have hM en deterninredc tW contro I ledl y genebe t 3 sirngle pa i r. 
These i.cl e flower color (Lolored ,uu nmiinardto ii' ii wirite in D. 
saridwicens iii 0, iitortum), teni or (red Or[ront dominant to 
green iFF--n. H 0. sandwicense, I. intortum, i uncinatum),Cji lil, 

leaf mark ilrll-rU,i midrib 01-- cailuiri, -.andwi , nse--r77. 
uncintiii do inrAt U uriarked, and irow - leci - i -_Ii ntort-ii 

driin ant Io uu ,.-) Rugoe laflet observed in progeny of a 
cross involvin, I. interturn [. sandwicense, and D. uncinatur wa,; 
recessive (P. r ku Tiit i 960; Rotar and Chow,_1971] Chow and 
Crowder, 1973), ,,t .plinm iwalo ster'i iLy has been found in I. 
sandwicense ani -a, o"u i 0-w witi a coipl ifentary domiinant ac
tion occur in D. intortum (,,1,-Whirter, 1969). 

SPECIES OF KNOWN VALUIE
 

Species used as pasture arid fodder crops are discussed in the
 

http:ret)or-.ed
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next section whereas those reported to have value as a soil cover
 
for green manure, for erosion control, or as having medicinal val
ue are listed below.
 

Soil Cover and Green Manures
 

D. adscendens, D. capitatum, D. cephalotes, 0. cuneatum, D. 
jangeticum, D. heterocarpon, I. ovalifoliumil, D. purpureum, D. 
scorplurus, ln tortuosum, D. tr-florum, D. umbelfatum. 

Medicinal
 
D. capitaturn, D. qanqeticuM, D. heterocarpon, 0. heterophyl

lun, -U.TcuTchel lur, D. t-Tq-u-tru-, -umbelTTatum.T..tor--, Li. 

GERlMPLS, COLLECI O; 

Major loIct1 Wils u it smodium used for pasture and fodder 
are listed iil 1l e 3.1. - --- (plants theTanyerotypes with same 
genetic composition) are GLuj'niriOr to two or irmre collections since 
there is free exchange ul mata alr iiui1ii the major research organ
izations. The col lections listed a] 1 hav substantial numbers of 
D. barnatum and D. canum, altuough the CIAT collection with 164 
and-T-- individual samples (accessions) of U. barbatum and L. can
um respectively cont ains many more entries than any other colTe
t ion. It is surprising that no named varieties (cultivars) se
l1cted from tnese species have been released. D. canum in parti
cular is cornun in iiatlve pastures in Haa ii, Colombia, and Bra
z iI. Collections of sp.cies from which commercial cultivars have 
been released contain from six (D. heterophyllum) to sixty (D. in
tortuM) accessios. lany of these accessions were co1lected-afTer 
the tWne Ai cultivar release. Commercial cultivars were selected 
fromi, mch r geneti is nown or- iSe than present in col1ec
t ions. 

A Lot.jl iti ,ignty specitc is represerited in tihe collectiorns 
listed. Win in less than one quarter of the known .roer of 
species or 3esmodiur ald iany of these are represented by only a 
single entry -- T-in o ioqs th there is scope for a substantial 
ir eas, in oermplsm (via le seed) collections if a reasonable 
Sditlu t trL genietic retsourc i si,to be obtained. 

The inlusion i large numbiiers of unidentified accessions in 
eaih collet ion in icates the need lor further taxonomic work to 
doclilt ald d ri) LhrrW Jie eOlUS, anid for taxono;ri sts to ex
amine and id-entity ,xisting material. 

In add itio to the large collectious, small collections, usu
ally consisting of a set of accessions of proven value, are held 
by most org arizat ions inuvolved in pasLLre and fudder plant re
search i tiropic la d sub-tropical zorlis. Thise may contain a 
restricted ruiber of species or may be for a special puroose. 

!D. ovalifoliui has been included in D. ieterocarpon by Ohashi 
(1Y73) but is listed he-e as it is widely known by this namre in 
southeast Asia. 
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Table 3.1 
Major Desmodium Germplasm Coi :ctionA Held Throughout the World 

Number of 3
 

Country Organizationi species accessions Comments
 
Number of 2 

Australia CSIRO 58 750 	 Species best
 
represented are
 
0. adscendens,
 
I.barbatum, 
L. can'm,
 
D. intortum, 
D. sandwicense,
 
D. tortuosum
 

Brazil EMBRAPA 33 285 	 Almost half the
 
collection is
 
D. 	canum and 
. barbatum 

Brazil IRI 34 300 	 Species best
 
represented are
 
D. barbatum,
 
D. canum, 
L. discolor,
 
D. Ttortum, 
U. sandwicense,
 
D. tortuosum
 

Colombia CIAT 20 500 	 Over 60% of the
 
collection is
 
0. barbatum and
 
l). canum 

U.S.A. University 30 225 	 D. varbatum,
of Florida 	 D. canum, 

D. intorturli, and 
D. uncinatum are 
well represented 

1CSIRO Commonwealth Scientific and Industrial Research Organ
ization, Australia. 

EMBRAPA Empresa Brazileira de Pesquisa Agropecudria. 
IRI Instituto de Pesquias, formerly IBC, Inc. (Interna

tional Basic Economy Corporation), New York. 
CIAT Centro International de Agricultura Tropical, Cali, 

Co lomb i a. 
2 A1 collections contain a substantial number of unidentified
 
access ion,.
 

3Most recent data available for IRI is 1966. Data for other
 
institutions is 1978.
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CHARACTERISTICS OF THE MOST IMPORTANT DESMOD[UI' SPECIES USED AS 
PASTURE AND FODDER CROPS 

There is abundant and specific information on the cultivars 
Greenleaf (U. intortum) and Silverleaf (Q. uicinatum) but only 
limited observati on other species. 

it should he recognized that Greenleaf and ilverleaf were 
released from a narrow geriplasm base in response to the deimiand 
for a tropical pasture legurme at a time when there were no conmer-
Si i I cu It i vars dVdi 10 1e. Most of the data on their performance 
rave been Accumulat ed since their release and it 14 onnly now that 
w ire gaining an appreciation of their rational use ini pastures 
ann t hei lini t at ion . In order to achieve this uiderstanding 
wide t.'t in his h04rn nec~ssary, much if which han been at or be
yond tih ir adct lt iv- limit:. Tien limit , oct ld not he establisthed 
wi tloit Such L*St ig.. 

W. t it) Ii rge Ici'rir aO1,t ill th: V01ioi;10 f 11raterial iel d in 

,jtriiipla ; . ii it is likely tl t. s per'i r cultivars will tie 
selectedI ri [0. ilil-Lt umrand D.tuunCiliai t iil rTese comiiients5 apply 
to otheir t i"" f r I fort I--Jit nir o ho7t- erophyl tlur, exam
p ", i- very', ,r-a !ho'rutiiout noutii'a>t Asia aod the Pacific, 

uAI. i ver y o I' ,i ,' t I Ill. i ci. lect ions. The commercial 
cult ivar, bohn'tun htn 'rq, rolta<,ed ill 1)73, was selected from 

D. i tOrt l at d D. ui ciratt 

Tthe,,,, two ,pz i ire Olsitr ie ttjoother r, trey have many 

chaiiractL ri Ll; , rrit re:quireieltit iii coiii( . koh are perenn ial 
Uliues withi ra1Ihl in r'ii id have bet grirown in many areas of 

the tropics arid ,uttropi . There 1 now reaoi1ably cons istent 
agir eemenrt ihout J ' dipi alm trn ti iatic, i , pl 'ilagerrierm 1imits 
within 'nichL the an, liw y to be uiful. Oir discussioi of 
tthese >pn4 , is l based t tirh lrj4 asii lyIr r i nvc' 1970 resiults 
pri or Q Lhn hvi' rev iewet hy ran (1969) andt Skerian 
( 1977 ) . tii t ch alll t.c'er; i al expte ien i ' has heern pr iniai 1y 
wit h te ii iV i Gr ri atnlaf (.D. ntortoi) and i Iverleaf (D.. unr olh 
,iiiatuin ) (Fi 3. ard 3.) 

Cliat c r oqi ire ment. The species are best adapted to humid 
low ltitqdn thrtpicY ir high altituide iropical climates. They 
hnave riot p~r i t in the lowl lid tripit . Bryan (1969) noted 
t.13t. ii p.u it ,i ! .ustral id the' species are ionily suited to 
arf! / rec it, li i ,,"d I1,O00!) 11,11of Iaiii. This general ization is 
sHoppor ted hy more reieit results in Florida, Austral ia, Uganda, 
Ht,waii, an !nt Iih Afrira. Howver, ,sta) ished stands of both 
spc ies cair he tinned in inrusu al ly dry seasons arid may riot subse
quently itt rivetr in years otf nninral rainfall (e.g. Rees et al, 
1976). /Vs most experinents run for less than three years it is 
likely thrat tire lower rainfall limit for long term persistence 
could he above I,Dt)0 miianud up to 1500 mm, depending on such fac
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F1911 3 1. 01 eilli ! 

tLor , ,, , , ri it1I ry it)i I I y an o l ttlr( ttur ag .oi i 
i,hl repor'l.,,
There ait in,jt o.iltho r.-lat. ive droJt il in s ofthe two mf (IIII. 1)0, 9 .er'lm , I t'11,)7au ,fitt, It, H 19//), and 

-
and TieroI ( ) Ii i I lit t., a,not th vork ,1 hardy ,rcrl 
leaf, but. IFt, -t I .. , i' I i )pp() i. J loilU1.j( 17) 
alko fotund th,it >i I 1, -1 il ,I r*J o"f 'I'lalawi r c,,iv

3ig 111111 hii did IIt,)t. ll oh, lhy tilt-, di l i i 'll 
ference, ata , 1 II ll t Iii t . . ,


C+on~trol ked ('[IV hronfitrlW,I+II:"I I tnh}'',+ll hot'lh sp' hl ,v n 

+ 
c ies hay++ d+tr(llttm - L0o1,}rllfkof ( o t -mi~d 1io i ,n~d poorer tLoler'

ance of Ilmvo 0 11o'It. olhll I oIlli ly growntellpi r',tlre , 3)t 1ha lt71a~t 
t;ropical l uj1nt'11 ia , 196 t t.je Pr"itc hard, 1974;iwh iIt T ; 'larl id 
Sweeney and hHopk irot 19/5 ri1ght1Leinperature miay be more/, Hiih 
criti1:a Lihin Lily itr T i s rel: I cted by thIt(, promise 
shown iy f 7, II w " ill ,ilt ,IihtrL If -+utlit 1'l,,opic A n ) Ha

l l ALI l 3picswa iii I I v1h r-11 1a, anId il+ ,+t, ll'eroxa ,t tHl,-, 

if, Kc iy,t, Al.t! 111 1 1 1 iii' i ld. ;30t 0h,'1 _It,,,h,v fa i Ied at 
low a , trui 1 ll Ii- IAraI 1 a I d 'I v I 1 aa fail itl fI Iliti l t, 
ed in i, .o ku1 , 111 t,1or (it of .I '-pec e1 in1oioii '-k C ilowtih t~itl 7 
tilt fiele is u al y .llr thil t11"I if oLhor rop)ic1 Iet .iosd " gr,atl 
(Kretschii er eL at ., 1973; Wll ImarI arildI-utIoatl, 1970). For exali
ple, regrowthi coilmoncts it 12"C in Greo ii eaf and 14% in Srirat.r(. 
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Figure 3.2. Silverleaf desmodium sward. 

Top growth is readily frosted and young plants can be killed by,
 
frost (Jones, 1969). Silverleaf plants can 'survive~ lowiwinter
 
temperatures, as 'evidenced by their surv~ival for. threeQ"years at
 
Palmerston North, New Zealand (Hutton,"'1970) and inKokstad,'South
 
Africa (Mappledoram and Theron,' 1972) under minimium temperatures 
as low as -14*C."
 

Soil type and fertility requirement. Greenleaf and Silver
leaf are adapted to non-saline slightly acid soils~ of >widely

varying texture but where natural fertilit' is high or has been
 

Scorrected 'by fertilizer. They respond 'strongly to phosphorus, '' 

potassium, 'molybdenum, 'and sulfur, and onset of deficiency of 
these nutrie'its'ican lead 'to r'apid disappearance of the species
from grass-16gume'swards." When depending on symibiotical'ly fixed N 
they only exhibit? moderate tolerance to soil conditions associated 
with soil acidity. '"" '' 

D. intortum- and. Duncinatui required twice the amount of 
phosphorus th-andid' oS for maximum yield (Andrew
msurilis 

and Robins, 1969a) 'White (92) found higher relative growth 
rates and a corresponding lower7 phosphorus utilization efficiency '' 

for seedling growth inD. intortum than for-Mc'rojtilium atropur - '"~ 

p~ureum or S. humilis. -Similarly, ijntheji'e1' Fg'hnitrogen '~ 

4 
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Figure 3.3. Effect of olybde, -,li :ation on relative dry nat-
Ler yield of Gree lni,- il diffe:'et seasons. [Molyb
denLlm was applied it. -.owinq except for the mainte
nance treatisent (""00 f luG) which received 200g ha 
at the begi inni o each slibsqueont. season (Johansen 
et al . , 19/8), (-,, r. 1972, -Feb. 1972, -Nov. 1973, 
-May, 1975, -jart. 1976)] 

yields per unit of applied pnosphoru only occurred at high phos
phorus appl -at ions (40 and 80 kg per na P ) with ). intortum 
whereas high nitrogel vids wrt observed at lower (170 ajW1--Y-O--g
P/ha) applications wito guianerisis (Blunt aid Humphreys, 1970).

(. intortum has heer sToriTonThave a relatively high require
ment for molybderio I (Jorranler et a] ., 1977). On a soil where 
there 0as no response t'o tlo by , u._onerIsis, 1). intortum reqoi-ed
100 y Mo per ha ,iv' three yeiar', and( s appcatea cT---LF etely in 
the absence of imiyrlyhdoeni application (Figures 3.3 andJ 3 .4). De
mand for potcd ll a 1tmler,,ise ,rere there is stronio conpetition 
by a grass for tihe nutrient (Hall, 1974). D. uncinatjum was shown 
to be le.ss respons ive to copper than S. _juianens I s (-Andrew and 
Thorne, 1962). 

Critical plant t ssue nutrient conicetrat ions derived at the 
pre-flowering stage under coriditions of adequate r)i sture are ap
proximately similar for, both species and are 0.21-0.24 percent
for P (Andrew and Robins, 1969a), 0.7-0.8 percent for K (Andrn' 

http:0.21-0.24


d~' 
_,vybdenui sre 0, 7, 35, and 875 g/ha for 

Figure . p4r , Gr--er ~a diu'i to *Dlybdenum in a pot experiment by P.C. Kerridge. (Appli
treatments 1 to 4, respectively.) 
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and Robins, 1969b) ard 0.15-0.18 percent for S (Andrew, 1977).
The molybdenum requirement is less than 0.02 percent, too low for
 
routine chemical determination (Johansen, 1978b). These concen
trations reflect internal requirements by the plant but they must 
be applied with caution in determining nutrient status as they 
vary with plant part and age of plant (Johansen, 1978a) and mois
ture availability. Andrew and Pieters (1972) have produced an 
),l1ustrated booklet of foliar symptoms of nutrient deficiencies 
for D. intortum.
 

D. unc natum and ). intortum showed poor salt tolerance when 
compared with other tropical ejumes (Russell, 1976). In a sirii
lar manner they exhibited chloride toxicity with applications of 
250 kg per ha KCI (Andre and Robins, 1969b). Further R.M. Jones 
(1973) has observed seed]ing toxicity and mortality of D. intortum 
sown with broadcast applications of 100 kg per ha KCl ona7tT 
textured soil. 

The amounts ot fertilizer required will be dependent on soil 
type, but, in general, superphosphate application is essential, 
molybdenum s-hould be applied in deficient areas, and application
of potassium at establishrment should be restricted to less than 50 
kg per haK as KCI on light soils. ollybdenum 1 ay be applied at 
establishment in he trioxide form by incorporation with tire coat
ing usedr for p 1 let rng seed, advantages being even application and 
lower cost (Kerridge et al., 1973). Mdolybdenum Jeficiency may not 
appear for two to three years rn more fertile soils until avail
able soil nitrogen reserves have breen used up. [Delayed response 
to potassium has also been observed. 

Examples of fertilizer appications: On humic gley (Ultisols)
and podzolic (Alfisols) soils of south-easmt Queensland--limiting
nutrients for plant growth are P, N, Ca, K, Cu, Zn, Mo, B in de
scending order of irIrortanc- 25 kg single stuperphosphate, 625 kg
calcium carbrnatre,baotara P a.,ium kg copper sulfate,kg chloride, 8 
8 kg zin uI1 t , 8 ky boror and 280 g sodium ,iolybdate per hec
tare were recrorrnn'rdetd for establishment. of Greenleaf and Silver
leaf pastures (Andrw. ir rryan, 1958). Grisequent annual appli
catiorrs of 2d kq perha sul erphosphate have resiulted in higher

aniMa] producionI than 125 kq1 t ha, whereas annual potassium
application of 6) ky per h KCI1 haye been adequate. 

D. nrhtur r i ures on krasnoirori and zanthozem soils (Ulti
sols)-def-rcentr in pnosphurus, molybdenum, and sometimes pot assi
ur, on the Atherton Tarlelandi id north Queensland, Australia, 
 re
ceive at least 50U ky per ha mrlybdenized single superphosphate at
 
establishmeof and aniul lnainteniarce of 250
ra applications kg per
ha, with rnilybdenur ruing applied at trie rate of 100 g per ha 
every 3 years and petassiun chloride at 50-120 kg per ha per annum 
where deficiency occurs. 

the ini iriL application of 250 kg per ha superphosphate gave
good establishment of D. in tortumn and D. uncinatum oversown into 
grazed or burnt grasslands7 Kenya (Kell aK iani,1973). The 
application of nitrogen to 1.gume-grass pastures usually has re
sulted in loss of legume in cutting experiments (Whitney, 1970);
however, farmers on the Atherton Tableland, north Queensland, have 
made single annual applications of 50-75 kg N per ha in the spring 

http:0.15-0.18
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months to D. intortum pastures without long-term detrimental ef
fects on the legume. In these cases the extra grass growth has 
been utilized fully.
 

Nodulation and nitrogen fixation. Both species have specific 
Rhizouium requirements, but the necessity tor inoculation will de
pend on the preserce or absence of suitable native rhizobia. The 
use of an adhesive has improved survival and nodulation where ino
cu1at io, is necessary, whereas pelleting with lime or other coat
ing materials is of questionable value, timing acid and low cal
cium status soils has increased yields through improved nodulation 
and nitrogen fiatio . 

%owirn Gr..tnleat without inoculum can result in poor or neg
1i toh noilat ion fro native riizobia aod subsequent low yieldst 

di it loft al Luck, 1972; Norris, 1973). Gther results have shown 
that although inoculation isproved nodulation there was no effect 
oat yield atLer twenty weeks (Keya and Eijnatten, 1975b; Wendt, 
1971). These varia] off ects of inoculation have been clarif ied 
by s' oloqic il tudies of Date (1973) who found that in the first 
year tillst all rIotdl s w', folo iii'' a ied strain when there 
were D itablo ive rnizohi, prie'tS t but less than percentHo na 5 
where nuitabl native Cram wer preont. 

Where inocl-itil is necessar, the cwk of Norris (1973) 
would sugq' that in avit htive, such atsq Ti lrait or methyl cel
luls , be ,ed ) apply the li lo i - it can 'th rce survival 
of r hhia. Rock pho'phate and bauxite we t showi to hy suitable 

aot irloj ,ge ts tor p I let ig, bilt +tav' no hett er survival than 

dh.io , .t e. L impt'p,,llt in docreaed urv iva I of rhizobia ol 
Si lvor Ina itor ,ttr ig fir o'e month ( Norris, 1972) hut had no 
Q3 1j"i t , iet t n i n lit ,it Ot f (Ltreenll a qJhj, yr'c seedt was 

wired' n ,,, ek Itloft ILock,we' 1li an 972). 
i , it , tt' ,,pr'' to, than that foutri 1 i-,,,, .' of 

ht r r op'i It, ,I- th i' of lI ii' i a lOW cA lciinIt "i 0qlco } 
,t it , , _, i 1 ( fl . (iod r-w')'', t! ]ro rrms, 1961). Sim!ilarly, 

Und Do ln;lt" Ql1'/')i T i S I I rl, L t irt nson tiv to pt than 
. Ii''"-] trp' i 1 . Nodu ,ii and nitrogen fiX ttion. tion 

'IL)' ) rih' 'i , ' 'r JJ'i ] n,l' P . and pH 6 i respectively (/Anrdrew 
,And , i,ihn 1'() . ;r tinleat ,, int rtlied i It'' in another group 
0f tOPit l.j, , i' .t ' ;t'lii. 0 ,, ntgly to1 ime on a snil of pll 
.1 (Ait 4 an 'I 171'). Lima app1 icration didt riot affect Green

loaf yi lo .a ,l oI p9 .6 til Non and 'oe, 1 471 ) Li e pel-
V ,lin' doe" iod a, 'i'lr I j '\, l I Stil1 Ar r o l1e ill acid soil for 
Desinod iu ''pec 14 in it Ii'ot On spin . Whet'e there 

i i-no , I inYv' il-y (,-t ' f lIi ie peIlIet i I yield rysiiin t w i 
-

l ' itra 
it o y ( iatl I ff aid Luck. 1'"; y a 'i I EijoatLen , 1975b) and 

,wh't'' th'' et'i ' cti , por' ilt it iS snma 1 in comparison wi ti that. 
from liming tlo ,oil (Elkins el al., 1970). Silverleaf exhibited 
moderate t olerance, to excess 'tniin,:isi ('Andrew ad Heyarty, 1969) 
and aluminum (u ndrow 'tt ., 1973)when glrown with applied nitro
gent hut it is likely the toleralite liis would he lower for nodu
1ation and nitrogeri fixattori. 

Greenleaf is relatively slow to nodulate even under favorable 
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conditions. Iprovement through breeding appears remote because 
genetic variation in nodulating bility, shown in controlled con
ditions, has not been demonstrated in the field (Imrie, 1975).

Field studies have shown that nodules on Silverleaf are ini
tially concentrated around the taproot but become dispersed with
time (Whiteman, 19/1). Nodule weight ismarkedly seasonal (White-
Inan and Lulham, 1970) and is reduced by defoliation (Whiteman, 
1970). In one instanCe nodle decay contributed 14 purcent of the
 
seasonal nitrogen release (Whiteman, 1971). Detailed pot culture 
studies hae been made on the, offects of nitrogen and shading on 
the growth of Greenleaf beed1ings (Kitamura et al. 1976). 

Nit rogen fi xat ion in legumeq i a furc;T -on-of nitrogen con
centration andJ yield less uptake of mineral nitrogen. Typical
nitrogen concentrat ions inSilve'leaf and Greenleaf are 3.0 to 3.5 
percent with extrearn if 1.5 to 4.0 percent (Bryan, 1969). Lower 
N concenttrit ions could result from inadequate soil moisture as 
well a; inadeqtuate rutirlietl - iolyhdendT (Johansen eL al., 1977),
phosphorun (A't iaw ard RMbinh, 1969a), sulfur (Andr-e.-1-977), and 
low pH1(Andro-w, ]71). Vr at, in ill yield, however, is probably 
the main I i Ir. iii tim large range of nitrogen inpots cf 39 to 382 
kg N per quon l by tyn (1969). One feature of Greenleaf, at. 
presumabl jin iiv rleait is tiLt leaf 1iLter is slow to miner
alize, dwi. t nho trwa ion of polypheno1 protein complexes upon
the death if plant o.rlr (Vil Jones, 1973). This iray ac1 s and 
count for Li;' lower in itil t rarifer of nitrogen to the grass in 
Dt. intortum tii '1acroijt iil ihr at;rpurpureua pastures (Vall i s and 
1ons,-'703) but -0ii--ut - i r b y Lot importalt in older 
St.Jard s 

r 
when day ,,ni'ri]i K i -tri Irilvw hours (Cthow and Crowder, 1974).
Si Iverle t I ltower , 'it rm' rnnth before Greonledf (Bryan, 1969).
Appl cat ion 0 ni; ,.q'iat t.,. flower initiatio" stage in a micro
plo x in t rn iliro aset( seed 

niy arg ttJop id t}t . iv-rieaf alndGreen leaf flower 

exp'i'Iei.n ii 'is O ae of D.Oyh, yields
urici natum by 1 Q 31 poi c-,t (Gibson and Humirphr'eys, 1973). Seed 
productto" w r w incry i. J in field exp rimients by high super
phosphate app iaLioN ,lii mideratu oppl icat ion of nitrogen in
 
favorable year. I - al., 1973), out it remained very low(Niiolt, 

par ii 400 obtained north(5-60 kr ha) rirt' ) ky per ha i 
Queens1and. tie, ,:iuint ic ttr' ibati re i red Lo make ar area
 
suitable for seed production are: annual rainfall of 300 to 2000
 
mm falling predominantly in s:Tn:wth 
no mare than 400 mm fall
ing outside the four wo!.test Otmorths; average daily mean tempera
ture of tMe coolest month t bove 17'C; gruund frost risk low; and 
latitude greater than 1 Reid, 19/9). Keya and]C (Hopkinson and 

Eijnatten (1975a) found that Lhrenhring atid scarification increased
 
the. germination percentage of both fres h anld stored 
 Silvetleaf
 
seed. Practical advice on seed production is given by Humphreys
 
(197B) arid Jones and Roe (1976). 



Pests ~and 'diseases. * Important pests. of both\ odiuw.m%- spe
~cies are the weevils Amnemusrqtiadrituberculatus-and7A-. superciliia;~~
 
___"nze and 'chocolate soils, derilved from -basalt._h-dutwe
 

-,-%]I-'~
___ 9 l ave uts-tali.wr-:so ar p rle t s- fr'mae'vl

o furowngofroots7's&:thatsevrin lants are~very susceptiblej'
tv sbsquntdr periods' ( Bral thwaiteXa Ind Rn, 17)'. 7' Pre-~$ 

soinrrin9oaplcaio co~ntod', arvae7O
ortcho o 


,imni lar problem~occurs intropca Australia with the wee-,',' 
viILptpiAus coruqtus (Kerridge'iand Everett~,<1975, Shaw ~and' " 

Quinln1978), althougin~ 'this instance<'only Greenleaf, is at
tacked, Silverleaf beingtolerint, ifnot resistant to the weevil. 
Many.>authors refer generally to 'insect' attack': on both species 
e.g. Gartner et al. (1974)', Chow (1974). Growth of Greenleaf is 
severely affe _eah~Ty leaf eating insects inColombia 2 and Hawaii3 . 
Gree:.Ieaf: is.relatively resistant and Silverleat more susceptible 
to root knot nematode (Valdez,:1975, Kretschmer et al.,'1980).,

1 e susceptibility of 2both speci s 'to~oth: ss nk'l 
eases is discussed by Bryan (1969) and Skerman'/(1977),but 'there is 
no firm evidence, 'except where indic'ated above, that the agronomiic 
use of either species isseverely limited by pests or diseases.
 

Establishment. Greenleaflis readily established incultivat
ed 'weed-free see eds but poor establishment ay occur in weedy

'c"situations or whien oversowing into exist'ing grassland. Silverleaf 
, can be successfully oversown into grassland.

Greenleaf has very small' seeds .(750/gm). which may partly~ ac
count for the problems inestablishing this, species in.the face of 
vigorous~ weed competition. 'Jones (1975) 'found that Greenleaf 
yield was reduced ten-.fold ,by the presence of, dense/annual grassy 
weeds. 'Grant (1975) 'found that under' intense weed competition,
there was ,,a seven-fold higher death rate of Greenleaf~seedlings
than of Siratro or 'fine-stem' stylo seedlings.,' A survey, how- * " 

ever, showed' that "farmers' in southeast QueenslI'nd, Australia, were " 

reasonably satisfied with establishment, of Gr',enleaf' in their pas
tures (Jones,and Rees, 1973). Greenleaf' the mrost shade tol
Sera'nt''of 
 four legumes during' establisirnent,' although 'absolute 
yields of haded Greenleaf were le'ss' than 'those of shaded Siratro" 

S'TudsrFaii Whiteman (1977) were, unable to establish Greenleaf
 
inan. exsig.~d;f~ ia~ ane cv. Kazungula; however, ' 

Cook ,and Grimes. (19717) esTa~ised el eaf 'inmoist areas of' a 
burn-i recently thinned Eucalyptus'forest.
 

Experience suggests tat iverleaf wlth' its larger seed (200
 

21nformation supplied by Dr. B.Grof.
 
'3Information supplied by-Or. P.P. Rotar.
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per grai) is easier to establish than Greenleaf (Bryan, 1969). 
Silverleaf seedlings were able to penetrate the root mass in com
pacted topsoi Is of undistubed (rassland in Kenya (Keya, 1976). 
Studies on establishing Si1verleaf in M1alawi have revealed a range 
of successful approaches, namely, ( i) undersown with a maize crop 
(ii) sown prior to the grass, and (Iii) sown alternately in strips 
or blocks (Thomas, 1975). 

Keya et al. (197'2h) compared several technique4 of sowing and 
oversuwing- iTverleaf into udisturbed Hyp.arrhenia grassland and 
concluded that the chealpes.t and quickest mettrLW; to oversow af
ter burning or grazing undisturbed Irassland Superphosphate ap
p1icaLion was ess_>ential, 20 kqg pa ha hemr recmmened as an 
eCOiollic rate (Ko.ya and Kailan i , 9 3). 

The opt iui tiu,' ,or- sowing [JeslrOJ iulilwi 1l obviously vary 
with each site depending on such factor, as rainfall and tempera
ture regimes., and site accessibilily. Greenleaf 4as the most sus
ceptible ot i rnqe of troIp ica] legumes tested for their tolerance 
of high 'ripar r'es gii (Goies AoN Krets;'hriler,tilI it ark 111rminatiori 
1978). In suhtroipicala tralia different stidies have suggested 
sowing befre thy- orL of the growiig (Kemp, 19/b), at tire,neas 


onset (0tieman ind Lulhai, 197u), or during the rainy season 
(Lryai, 1969). Thl uil reco-mended sowing rates are 1-5 kg per
ira fir .,ilverlaf I 1-3 k1 p"o hA ftr Greenleaf. Using higher 
rates io/torn An advalltag in the rain iishire t year, but irt nec
essarily in noti q1,]l. years in iter culL ivatIol seededs (Olson 
and Tilarjindi, 19'; Aidlt, 910 ,es, ia75) or oversowi 
urdislurbed jr,'slitd (Keyn Andii il r i,  Igt). 

Ve at - of s s rm rooted spl itsv ahl ior'shm,! iot ri Je i 
a4 ben 'em Cntu'm by ,ithe. hand ( eya It al., I972)/or machine 
plantiii , wn,, ,ai.,l , 61), nut i applicatioi inwould n-iiuniv
"ma 11 , 1o r,;[liij:(Voy. ,tta , 1 1)" I). 

ani t' 
produ-t i o ,;# ci A]t i4 - . ir T ', itreqincy of cut t irig and 
lower i t tin i ingh M uLY yields. 

iliyh ii . I , (f1 ii ' ?i I rf been r',i'let ill marry ,hirt 

Y it per itte ndr cult ting. Greerilnaf ias lee veiry 

av+ 

term cut ting o'qrinlli in'prur ,wards arnd legm./gras imixtures 
(Br'yan, 1961); iii, .dat iOrt tot l of;(K S, 19;1) , where yields 
MiOed soirdn ,ith a nr t 0 , I 

un 
' eSr ab)ovt ei Oti kg per1r.t 


hiapcr yu in11d Fliia (Kr''chmuer 1t al 197),/ lganda (O1
sen 19/3), in i . (.illcr nd Vrn der L t, 19 7), and Hawaii 
(Whitney, 19/0). Gr l-af yilds it) pure swaaxts ,e frequently 
above 6,t)Jr) k.: i ha year (lire', 1973; Stob), and Ilirie, 1976; 
and Clatworthy, AA,'ai. Very hig h yields can I, obtained: River
as arid Wilson (1970)) uarvesteit 1/,0tt qg per ha from a pure Green
leaf sward and ',ii1triy _t at . (1967) 29,900 kg ier ha. 

Yields of 3,5001 Atd SIM( kq per Ila pe ' year froir pure Sit
verleaf sards were ieasur t it. two sites in Rhodesia where cor
respondin Greenleaf yields mere 6,570 arn 6,430 (Clatwortiiy, 
1975a). IN alother experiment noti legumes gave similar yields of 
about 6,500 kg per ha (Clatwortiy, 1977). Keya (1974) recorded 
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Figure 3 ' 	 Hereford steers.grazig a Greenleaf desmodium/Nandi 
setaia pasture at Samfrd, Queensland, Australia. 

yields of 3-5,000 kg per ha from both Greenleaf and Silverleaf in4 year old swards at two sites inKenya, where total yields we're 
9-12,000 kg per ha. 

Where cutting experiments have been- continued, for, threer~ sometmes markedly- declined by the second yearyears, yields have 
(Funes and Yepes, 1974; Mappledoram and Theron 1972)or the third 
year (Thomas, 1976a) although in other cases high yields have been
maintained (Jones,..1973). In.two long term 'cutting experiments
both desmodiums persisted for six years or more, although there 
was a decline in.legume yield (Table 3.2).

Results from experiments in wich different cutting heights

yand frequencies were imposed on Greenleaf swards are summarized in
 

Table 3.3. Yield was depressed by cutting intervals of 3-5 weeks

compared with 8-P~ weeks.. Cutting height had much less effect,
though R.J. Jones (1973) found, that low cutting heights (3-5 cm)
depressed legume yield under frequent cutting (4-5 weeks), but had 
less effect with 8-10 week cutting, and slightly increased legume
yield with the longest cutting interval Weed invasion into pure 
swards was greater with more frequent cutting and always decreasedwith increasing-cutting height. Olsen (1973) also found that 
total yield and. Greenleaf yield increased as the cutting interval
 

S increased from -3to 9.weeks, with 3-weekly cutting having a more 
severe effect on Greenleaf at 8 cm th3n at 13 cm cutting height. 



TABLE 3.2
 
-
Dry Matter Yield (t/ha 1) of Desmodium and Associated Grass in Long Term Cutting Experiments
 

in Australia and Kenya
 

Australiat Kenyatt Kenyatt
 

Year Greenleaf Setaria Greenleaf Native grass Silverleaf Native grass
 

1967 2.4 8.8 
1968 9.5 7.4 
1969 7.1 5.9 0.3 0.8 0.3 0.9 
1970 nm nm 3.1 3.4 2.6 4.0 
1971 5.4 4.0 3.0 4.8 2.8 4.8 
1972 5.1 4.2 2.6 4.3 2.1 4.4 
1973 4.7 4.2 2.3 3.4 2.1 3.5 
1974 5.2 4.0 1.4 3.3 1.6 3.5 

(nm - not measured but cut to schedule; t irrigated greenleaf/Nandi setaria swards (Wilson, 1976); 
tt oversown dryland Hyparrhenia grassland cut every eight weeks (Keya, 1976). 
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TABLE 3.3
 
-
Yields (t/ha 1) of Pure Greenleaf Swards and Greenleaf/Grass
 

Swards under Different Cutting Heights and Frequencies
 

Yield
Cutting Cutting 


Interval Height Legume Other sp. Total
 
Reference (wk) (cm)
 

Legume/sown grass
 

Whitney (1970)1 5 5 2.2 2.9 5.1
 
5 13 4.3 3.5 7.8
 

10 5 6.7 7.0 13.7
 
10 13 8.4 6.8 15.2
 

Riveros & Wilson 3 7.5 7.1 :0.5 17.6
 
'' 
(1970)? 3 15.0 6.5 10.6 17.1
 

5 7.5 7.0 8.8 15.8
 
5 15.0 8.8 8.0 16.8
 

Murphy et al. 3 5 2.9 4.6 7.5
 
(1977)1-- 3 13 2.2 4.2 6.4
 

6 5 4.5 5.4 9.9
 
6 13 4.0 4.9 8.9
 

Legume swards
 

R.J. Jones (1973)4 4 3.8 3.3 4.3 7.6
 
4 7.5 5.0 2.4 7.4
 
4 15.0 4.6 1.4 6.0
 
8 3.8 6.9 3.8 10.7
 
8 7.5 6.2 2.9 9.1
 
8 15.0 7.1 1.4 8.5
 

12 3.8 9.3 2.6 11.9 
12 7.5 8.6 2.1 10.7 
12 15.0 7.2 1.1 8.3 

(Q with kikuyu grass, Pennisetum clandestinum, yields were very 
similar with pangola grass, mean of 2 year's results; 2 with Seta
ria sphacelata, second year's results, 3mean of rhodes grass and 
pangola grass, second year's results, mcan of three year's re
sults). 
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Silverleaf has a similar reaction, yield being depressed by 
a five
 
week defoliation interval with a similar 
height x interval inter
action (Keya, 1976).
 

Although Greenleaf has yielded well under a wide range of de
foliation treatment>,, there is a clear trnl for depressed yield
with more frequent and ](mwer cutttirg. In contrast, Riveros and 
Wilson (1970), who adopted relatively ciose cutting intervals and 
higher cutting heihts (Table 3.3), furid little effect of these 
factors on yield. liey ubserved that Greenleaf developed a 
'hedge-like stand' wifh the height nf cutting only affecting the 
height of this productive framework. Extending this concept to 
the grazed situation would that survvial ofwe e.xpect Greenleaf 
would be enhanced it a similar frnework col]d be developed and 
maintainedt under grazing . Greenleaf swards, in Comiion with most 
twining or scr'amblirng tropical legune , have low foliage densities 
whether sowniraIone (Stolbb, and biri,_I, 1976) or with a grass
(Heslehurst and Wilson, 1971).
 

Well preserved set A acid silage was iade from Greenleaf 
alone, and a stabrle lactic acid ilage was produced when 8 percent 
miolasses was added (( t hpool , 1970). 

Yield and persistence under _razin. Greunleaf and Silver
leaf Pastures generily do uot pers st for longer than 4 to 6 
years under grazing1 . The reacnns are not always clear but appear
to be a combination of heavy stc king, soil mitmis to ,,stress inrthe 
growin seas rl, nutri errt ficiencies, noc t attack, arid poorseedling regeneratinn.
 

Yield and prsint ,ino both spocien a e almost always poor

under heavy grazing whether 1OttiI iOlly grazed (Biryan and Evans,

1971a, Whitemlan, 1969, Feb le 
 arid Pad illa, 1972) or continuously
grazed (Bryan and I-vans, 197.3 Jones, 1974). Evidently the 'pro
ductive framework' formed utder frequent cutt ing does not develop 
or is not mairtatined under heavy grazing. Persistence is favored
by keeping the pasture betwien 30 aid 60 cm height during the 
growing season (Roberts, 1979). 

Under 1i ht te icderatc grazing pressure both species have
shown variahil lit rsistece in short termn grazing experiments. in 
lHawaii, trie mean Greenleaf percertage i& a grazed pasture was 38 
percent in the first year and 32 perceLt in the second (Yotige et 
aI., 19641). Over three years the percentage f Greenleaf in-
-Tghtl1 y sticked pasture in Arustralia rose frtu 30 to 49 percent
(Table 3.4). Si lverleaf persisted wel I under nfrequent grazing 
in Halawi (Thomac, 1976b), omprising 25 percent of yield after 
four years, however, Gree lteaf tailed to persist. Greenleaf also 
failed to persist in Rhodesin (Clatworthy, 1975a) where the per
centage of Greenleaf in one paddock declined froi1 50 percent in 
one year to 2 percent, in the folowring, without any apparent 
reason. Rees et al. (1976) found that 
neither Greenleaf nor Sil
verleaf could recover fol lowing a dry suminer at two sites in 
southeast Queensland.
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TABLE 3.4
 
Changes in Animal Production and Legume Component in Nandi Setaria 
Pastures with Greenleaf lesnodium or Siratro in Southeast Oueens
land, Australia (Sown in 1968 and Set-Stocked at 1.1 and 3.0 Beastsria-. )* 

Mean l iveweight 	 legume in 
t uSown Stocking rate gain nO pas re (May)l 

legume lHeasts ha 1969-1972 1976-1970 1970 1972 1979 

Greenleaf 1.1 180 130 30 49 0 

Siratro 1.1 160 146 51 37 15 

Groenleaf 3.0 3 70 44 23 6 0 

Siratro 3.0 30 37 41 9 0 

*(Ilegume percentage in presen.ation yield, -' ncl,,des poor gaiis 
in dry 1976/77 suimier, 3stocked at 2.11 beast na-1 since 1975. 
1969-1972 data (Jones, 1974) and 197b-1979 data (Jones, R.. and 
Jones, W.,]. Unpublished). 

We are only aware of two long term experiments where Desmo
dium pastures have been grazed for longe" than five years, both 
6 geirg Queensland, Australia (Figure At Samford, Greenin 3.5). 
leaf improved with light ';Locking for three years, then subse
quently died out (Table 3.4). 

At berwart, Iryan ard [vans (1973; reported good persistencc 
of Greenlea and, to a lesse, extert Silverleaf, for six years at 
stocking us 1.2 and 1.7 DEWSts per ha; lowever, in a contin
uiat iol o th is pierimeut both spec ies were virtual ly el imilnated 
at 1.! beasts per ha and the percentage of Desriodium decl ined at 
1.? Wa per ha. lurintg the first > ew yearn Greenleaf appear.
ed to be better suited I, Lh drier suils, nit. subsequent ,::peri
once hS Mu' tiar Greeiil3ai Wa L d to di out on the drier 
soils durinq dry ctmditioni. ari ha not recovered, though it has 
p i rsty in wti ori :,oils. 

lnre in very itti, knwn abouL thae effect of different sys
tems of rot:t ioiri grazing Oi Desmodium yield and per.istence. 
Edgely an Q'uinla n (1973) rc oiiiienidei L at Desmodium based dairy 
pasturons oI ie Atherton ableland in north lQueetis 1and lie rested 
for 3 to 4 Weeks between strip grazing, the pastures never being 
giazed below 15-21 cm fron ground level . Farm pastures of Green
leaf desriadium witt! Stat id or Kikuyu grasses in this district 
have persisted for 10 years or longer under a lenient ,razing sys
tem of 2-3 (lays trazing every 8-l days. Under this grazing sys
tem a fixed structure of Greenleaf is maintained. Keya (1976) 
suggested a 5 to B week interval between grazings for Silverleaf 
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based pastures in Kenya. One experienced comercial user has 
stressed the need for rotational grazing in subtropical Queensland 
(Duggan, 1979), but another recommended continuous grazing (Rob
erts, 1974; 19/9). 

On one Queensl and CuoiMieru ial property l)esmodium had persisted 
on moister whereas failed fTiTa oanysites it had oil -r-sites on 

other nearby properties. P).sible reasons for such failures were
 
insufficient maintenance superphosphate, frost ing, aridcompetition
 

from aggressive grasses such as Setaria (liarle, 1976). On another
 

property Green leaf remained porta tiv', for some five years but had 
largely disappeared eigLt years after sowinig (Hurwood, 1979). In 

a study of siil, on thir pitt icular property Rayment et al. (1979) 
suggested failure to re-ipply'molybderium a another cause of poor 

Greenileafrni 1 nc. Trhey i've' triat pin.'stence was less of 

a problem rn with re infiltrat ion andsoils mroL ratid rates greater 
subsoil storage of Emoisture. n the Athurri Tableland, Greenleaf 

past,',- , pg,,iruu, and persistent in areai; with high, even' : " 


rainifall1 ,r ibution ,id lo' in:idence of tro t.
 
Many gras. species are Iisted as being compatible with Sil

verleaf and Greenlif (Bryan, 1969; ,kermin, 1971). All thenv re

sults are olmlexperrriiits i lens than irvey ,irs' do atL ion adi 
there is io ' die thlat th cnimpaiorl gr asn PIT, a ,Li"Onarit If

fect. on [el (iiun rr .in l', plr tidodnih rient roqiirinir t" art 

satisfied.
 
ioL ',,' i cl.%,1 g i'," 

Iorlirs of L, , a p ' i ntrl lpcii, uit ihe le to regenerate 

v igeta "r by need. 'v mll it t .at.ye re-

Ii a(dit iii ii i l,ii of i lig ,liid ot hie 

ively t itions t vlel 
proluctior trOr roofed tit' , tmWnr'td by ro"it irors ly ioist sir i , 

in t : iriairliltkinaIlisll oi t-eo re (Joii's,e( o.f mll r'ation Igq1O) 
Fher'e' i, no iniiirlatio On thei r re i 1,1 orlngevity of seconlary 

roots a' compar'ed to the primihi'.' iaproot There i little infor-

M tio nr r Gr p'ii , roqi o' itin r mu '',,'ed it i . I.li te da t.a 
from iuhtropical ijwi','' t t here,rvo4 of Gr eenleaf,,o,, 1trd 

seed in the top 10 cm i i q, UITO,' Wer' A
I I m;(.n 0it.4 as high 

as 6000 s o , m (Jones ard i v iini,1 1 ; tori' , I O9 . No seed 

was found berneath stianids from'rowhici Greeilaf hiid boon limninated 

by overgrzinq. %rdliuy survi,,al in e,t.ahl ii.,,pastures iaWsnot 

been stud ied but udies on init ial ra i,i,rit,as n totd earl i

er, have shiri thit. ',ore Iiinhs an, s'usopt ift, t.o competition. 

Thus, if a paqlur, i; grazed lightly enough to allow seeding, the 

same pasture may severely limit survival of new seedlings unless 
special manalement procedures ar' adopted. There is no informa
tion dealing with regeneration in Silverleaf. 
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Renovation of rundown pastures in Australia by cultivation or
 
a single cropping phase has not resulted in good regeneration of 
Greenleaf, whereas it. does aid regeneration of Siratro (Hurwood, 
1979).
 

We conclude from these ,udies and observat ions that over
g-azing is the main factor which limits Desmodiurn persistence. A 
continuous supply of soil moisture, at least. -, the growing sea
non, is requireo for long term persistence. Deleterious effects 
of dry periods are mare severe when there is overgrazing. Nutri-
Pnlt dlef ic iIly aid rout damage from weev il s wll 1 interact wi th 
both tr'e factors. Further, it is likely that persistence is 

imited 5y poor reyngnerat iro. More detailed studies are required 
to unlerst.ndt thre mecharim of evmodium persitence if poor per
si, tqenrc i to he olvelrcomie by etiiie- breeding or franaellentl . 

F:ed quality arod mnrimal production. Informat ion on chemical 
-K:'r(llioln ( -V s-eCri- tabulated Skermarn (1977).(OO-- 0th 10. by 

Inn ,,,, n lv low in vitro digestilnity of 55-60 percent (Stobhs 
.aro Im'i,r , In, i/ --pkar!T[ explaint! hy the pre'fenc of polyrie
not (Fdi , I1 9V . Soluh-il' arlol/,li t.e levet of Greenleaf are 
muI0Ich than jr clover, ,'in -a,:y hs of 0.5-3.0 percentf IhOl whir., 

,al I p ,H! rt 1 'iv-y (Nolh - al O wn,1 1974). Qua I ity 
am) quanity a ,lk. i lesma.diu iu atn A- iml markedly over 
wint er ( .,, '1r, . 1 irr-I (lTii evideno Ioi ,I trs ,.enic act iv i 
tv/ in Green1 I t 1, 9 0). 

ilk l ird , i.nn tr,0 n , t' y ' !, qrazir r ptr'- ir orilecai w h 
nnly k./ w ,, p- J.'i lq/ ), Thi tow iilk yield 

t I' i Ie!i 1 t btten riyt theo ii 5 . h1 Ij pltitp lha IoI'
 
d~iflt l t ,l.',icall A h ',vn O , in 4 Kl~Ki nl. ,,ulf icieut read F~romf 

tii i loose uttl(i, s,'4 o ' dC Iii 1. "Iq)W eriotard,1 (rtohi S aui d 
Tntamip~don, lq)7q), MulIch hiph-, n;Ik I,,'odw, t ionr Uds h~e,.nro)aht inll Oi 

l iO;istl tr' M'Ih'il,, " ll I in ll i'n t) tirtln l a miaf row ir i:aed 
Gr l af.,la-- grAh pabftl,w 5,, 

produ~L k, ionl i,, 1,t t De'Oii (_SiJdiUMGoodl Finef h r)->l ordd -01 ) p)as

tilres whr' - ar 'Ii j -i'-'i' . nheit isuol v qreat;er 
tlharn 30 percent. l in ( ',eight glain roporte i s thlat of7 
k. live ;' .h t ii0 lid ir1 -HaWaii (YOUtiOt tt al., 1964). r-yan 
11969) quot, Yrio7 Pluc k nott (196) as having achieved 1419 
ky LiG per ha bl the o-Woal ptaper '-t i that ecause of poor'
Green lteal , Iihli -. t heIn turn ..- r I wr i h i t roqen.'i i 

Somie i',x f ! of ,Ihp r ir pinr hectae are showni in Table 
3,. Corr'es)p)orli ,eight qi ins p-'r nle-i1 m're 160-250 kg where 
animals graze! year long Ii g,.ll i)rDsilodiumlrl paqturan. W.eight gails 
obviously depend ol fact.ors ->uch as s'okrin rate and grazing sys
tem; our aii Iras been to iliunti ate the high level> of production 
that can he achieved. 
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Most of the animal production data recorded in Table 3.5 has
been from short term experiments. In longer term experiments
weight gain has declined as the Desmodium content of the pastures
decreased (Table 3.4, Bryan and Evans, 1971b). Good Silverleaf
and Greenleaf pastures can support profitable neer production en
terprises (Keya, 1976; Firth et al.; Ne] and Rosnan,1975, 1979)
and the meat has an acceti)tabl, flalor (Park and Mlinson, 1972). 

Conclusions. Both Greenleaf arrd Silverleaf have shown prom
ise rn tie wetter suhtrOpics and in the more eevated tropics.
Both species can be highly product ive aid have, at least in the 
short term, given good animil production. Their nutrient and Rhi
zobiurir requirements are relatively well krwn. Tire primary lim -
tation appears to he that of poor persistence under grazing witlh 
reasons for this only partly urderstood. Other deficiencies in
clude suscept ibility to weevil attack arid, in tihe case ' Green
leaf, poor nee]dling vigor. 

0. heterophyl lus, 

D. het ruphyl Kn (hot -v is a rih izomatous Perennial species
(Skerlan.-1-9/ T Niir-is howi,4 ronsiderable promise as a pasture
leguime in wl tropica! ,r iira of northern Australia, Fiji, the 

Solomrior Is ,lrj, the Am aizon FaHiri, and Sri Lanka. All of tl. e 
sites have alln annni I i i *rl 1 aove 1500 rim. Ietero copes weili 
with watar I)g d,g itA., (GtJ1_L rog ard Whitenirarl, 1978), 0ut is 
sensitive t, dry periods (Partridge, 1975). 

etera respords to sup,.rhosiNaLt r]ii idi ation (Partridge,

1975). 
 It ruown we!l n fortilIn . luvial soils (Gutterioge and 
Whiteman, 1978), swqqTest iij AM ir ik. Siivrleaf and Greenleaf,
it requires hig h fertility. lowever, experience ini Malaysia
showed it wis miore L le ral acid soil co,of ditions tLian these 
cultiuars as it iav, high nitrog'en fixationr n a soil of pH 4.5. 
In Fiji, Prtaridlge (1975) birvd tra t suprphosphate application 
to natura] paslturc- increased thi D. hiLerophyl1um component but
it had lower yields (2.0 t/h) tha tlh_ oversown M. atropurpureum
(8.0 t/ha). 0. heerophyl ln has been shown to utTlize oc phos-
phate as e fetiv1y- as_ gu-anesis anid more effectively tihar C.
pubescens. This n in Contra t to D. unciriatum whlich makes poor 
use rock phosphat (Bryan and Andr-ew, T 71 -

During 6-8 week cuttiny intervals hetero has yielded 1,500
3,500 kg of dry iiatter per ha in adapted sites (Partridge, 1975;
Gutteridge arnd Whitelrara, 197) but yields could well he increased
by more frequent arid closer cuttirg. uder high stocking rates 
where Siratro has failed in grazing trials in Fiji, hetero has
thickend up and formed good swards (ParLridye, 1980). He tero s 
ability to thrive under heavy grazing (Harding and Cameron, 1972)
is such that in northern Australia it is the only legume that can
combine with well grazed signal grass Brachiaria decumb s (Loch,

7
1977). In Malaysi7, netero persisted r in heavTly grazed small
plots but was slow to establish in larger areas, possibly because 
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TABLF 3.5 
Animal Live-Weight Gains Reported from Cattle Grazing Pastures 
Containing 0. intortum 	and D. uncinatum
 

Duration 
Country LWG Associated of Trial Comments 

ha- I Grass (yrs) 

D. intortum
 

1 Hawaii .7781 pangola 2 	 adequately
 
fertilized
 
treatments
 
only
 

2 Australia 586 2 	 D. intortum
 
Trrigated
 

3 South Africa 544 	 rhodes 5 no pasture
 
grass data given
 

4 Australia 525 pangola 5 	 D. intortum
 
decTi ned 

5 Uganda 515 Panicum - no pasture 
maximum data given 

6 Australia 282 pangola 6 set stocked 
(1.25 beasts
 
ha-1 )
 

7 Australia 245 Nandi 3 1.7 beasts
 
setaria 	 ha-1 ,
 

see also
 
Table 3.4
 

8 Rhodesia 236 	 1
 

D. uncinatum
 

9 Kenya 488 oversown 1 8.5 months
 
Hyparrhenia grazing period
 

Kenya 	 691 rhodes grass 1 8.5 months
 
grazing period
 

'This experiment is apparently the same one as was reported giving 
660 kg 'beef' ha-1 by Moormaw and Takahashi, 1962. 

References 

1 Younge et al., 1964 6 Evans and Bryan, 1973 
2 Miller and van der List, 1977 7 Jones, 1974 
3 Nel and Bosman, 1979 8 Clatworthy, 1975a 
4 Bryan and Evans, 1971b 9 Keya, 1976 
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of absence of effective rhizobia. It often forms a prominent com
ponent, together with D. triflorum, of closely grazed natural
 
grasslands such 
as roadsides and under coconut plantations in S.E. 
Asia and the Pacific. 

Animals grazing hetero pastures at 4.3 beasts per ha gained
8b0 kg liveweight per ha in northern Australia (Harding and Came
ron, 1972) and have produced over 509 kg per ha in Fiji (Par
tridge, 1980).
 

A major I imi tat ion to the wide use of hetero is its low seed 
recovery and, hence, high seed cost. However, the plant can be 
established vegetatively by mechanized equipment (Harding and Cam
eron, 1972), and usually spreads rapidly. The only disease prob
lem noted on hero so far has been legume little leaf, bt it was
of no agronom ic consequence (Harding and Cameron, 1972). One cul
tivar, cv. Johstone, released in Australia in 1973, is strain 
specific for Rhizabium but nodulates readily (Anon., 1973) withthe correct straii. 
 Work at CIAF, Colombia, has also demonstrated
 
considerable str,in spelcificity and responses to rhizobia inocula
tion (Halliday, 1979).
 

Al though 'here is re 1at iwely little knowledge about factors 
such as the nt ritiUnal requiremerts of hetero and its yield tinder 
different managrement regimes, there is optimism about its agronom..
ic future in those areas to which it is adapted. Good animal pro
duction can certainly be obtained from good stands and current ex-. 
perience suggests that with adequate grazing pressure and fertili
zation there is rio serious difficulty in maintaining productive 
heteru pastures. 

[).can Un
 

0. canum (Kaini clover) has been described in detail by Sker
mian (T977 arid also by Younge et al. (1964) who reported very en
couraging plartt and animal 
pro -cionfrom this species in Hawaii.
 
It is a perennial plant, which becomes prostrate under grazing,

and is compatible 
 with grasses such as pangol-a grass (Digitaria
decumberts), and which requires a rainfall in excess m250of m. 
Surprisingly, there are very few subsequent reports on this spe
cies. Yields from I). canur 
 were lower than fromr D. intortum iii
Hawaii, averaging two M-seven tons per ha, respec'rvely, but 
this would he expected under the eight to thirteen week cutting

frequency imposed (Whitney and 
Green, 1969). It invades improved
 
pastures in south Florida and can comprise 15-25 percent of the
 
botanical couposit ion by weight". 
 Kretschmer (1971) refers to
 
native stands being utilized in Brazil. Collections from Brazil
 
and Colombia are being evaluated in those countries (Anon., 1976).

U. canum has shown soie promise in Rhodesia (Clatworthy, 1975b)
but is unsuited to the wet tropics of Australia (Teitzel et al.,
1974). D. canum is susceptible to a virus disease in HawaTT d
wardson it aT-.,1970).
 

4 Information supplied by Dr. A.E. Kretschmer. 
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D. canum responded to lime, molybdenum, zinc, phosphorus and 
potassum in Hawaii (Younge et al., 1964). When adequately fer
tilized it contributed over 0 -percent of dry matter yield in a 
seven year old pasture, yet persisted when 'underfertilized and
 
overgrazed'. Animals grazing D. canum-grass pastures produced
almost 680 kg LWG per ha, averaged over four years (Younge et al., 
1964). 

We cannot be s re whether Kahii clover has been tried more 
widely nd failures have not been reported. In trials in south
east Qu( ensland exteusive variation was found in both mnorphologi
cal and agromnnic characters but no high yielding types were iden
t ifiled '. 

L. heterocarpon and D. ovalifolium 

A cultivar of D. heterocarpon, referred to as 'Florida' car
pon, has recently been released as a pasture legume in southern"
Florida, U.S.A. (Kretsclmvr et al., 1976, 1979). It requires 
rao2nsably ilh raintiall but cannot withrstand waterlogging. Flor
ida cairpor) with ,nt'O heavy grazinrg and produces abundant seed but 
is i ible to root knot rematode; other accessions have nemula
tode resistanc (.retschnr et al., 198I0). It responds well to 
p~hs14u appl icteior, arid on an infert i le sandy soil , gave a 
thre-foId rspn' to 2ilo kg I ime per ha when given adequate 
qup.rpor';phiat but was di'rssed with 3400 kg lime per ha (Snyder 

l .t 97 .I) 
banr included 

1',] o r kr ,rii o in, 'ro' rIi: krlo,,.'ledge oIf these species 
that 'dnri each 

D, ,o l 1ifli h 1 inD. hetercarpon by Ohashi 

n, fir' the di'!rihuted urndler niarme is agronoi
it 11 ly i. in l.
 

H. vIlif ol4 i i rrn l ohI in cover crop mI'ixtrres in Malaysia
 
ir , pint ire mi<turl,.s. ft has been slow to estab-

S 0 tO . it' .r i)H r,- . habit forris a ground cover.
 

t if good 
It i'..n b''t ,. qco',wlh ' rJO h'avy sirade frequent defoliation, iid 
tihan .q:,i, hnr try'picil nul ,' (Lu et al., 1969) and so has po
tential in p , and , )v r plant -I +iantationcrops. It. was 
cam id rd to h ,in'' pot.:ntial a pasturei legume in Rhodesia 
(Clatw r , 197b), in the tropics of AustraliarIhi id wet (Teitzel 

'741 iat dl., 14 . I is c ,re t ly being evaluated at CIATl, Colombia, 
7 o r'v it oiu''d 7,000 kg per ha dry atter over3r) ' 
eight marit hi (ruo"._ 1973). It ras specific rhizohia requirements
arid resprlds , )toinocul tion lial I day, 1979), and apparpnt ly has 
goodr ',uqiLt Ll rnnI arrd nor pwrifi"n 'iroh;cms =,e" by . 
or isS (ScIi tzr-,'KLr and Gacme ti 1979). 

roe recent interest in I. oval ifol ium is because of its good
adaptat ion to the highly ,.1ea.herend acid soils of tri tropics and 
its prsistenc,, 'nder grazing. It remains to ie :sen if good
animal production can le achieved from D. ovalifeliuu pastures. 

Information supplied by Mr. R.J. Williams.
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Fi gure 3.6. 	 [1S'illodium oVal t.l loll/Or it ll ,p. militu.o. (Note 
the Styls'ni thet - 11)1tata ;ot(t I i rj ilo from 

D. sandwicensk, 

This sp)e- ie, is ,uhtropic al in its) teliiperal iro reqi 1i":aorlt.s 
which are sililar to Greenleaf and Silverloaf (A(hitelnan 1968, 
Sweeney and Hopkin' en, 1975). it nas onet m'a henri coufud with 
Si1vorlt iI a er, and rt preruniealIeaf 1 1 t drought i,tant 
than Green 1eaf, howing proill i , in ari a to,) Iy Y tor Gre l I taf and 
S i Iver Ieat ( Cameron and ,I 11 a t,/, 1969; i iIfn, 1 I ) mm perforin
ing better in the dry skltaun (Nalvoh and A aen', 19t!). It has I 
day-reutral flowering r,'spor, ( otar )-t )1 1967) ornd flowers 
throughout til, yeair in ar a h ll, I iii a) Iity ald teil
peratures arW dIidl l tll lhtrcpical a it. t lwer, from mid-
Sltilliler" ill i I wirltor whe r. w ,O ,;ol'; . Severe il,-, t attack has 
been noted in Singano ( w, Iho1.74) allht waz i 1an (1 'nsn, 1967). 

The few reported ajrololic f Irod 1ins arc( o tLri incons i stent 
)ut th i_ iS not unexpe t.t i (mn ider i i to i do var i ahil ity in 
growtih fiab it and forage, product io that occurs in tt_. spec ies. 
Reasonah 1e pal atab iIi ty %a Lepor ted from Kenya ( i3ogd an and ilwak
ha, 1970) but low palatability fron S ingapo)ro (Chow and Crowder, 
1973). It is resistant or tolerant to legume little leaf disease 
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(Chow and Crowder, 1973) but susceptible to another virus dis
ease 6. D. sandwicense is usually described as low yielding rela
tive to reenleaf and Silverleaf (Bogdan and Mwakha, 1970; Naveh 
and Anderson, 1967), but Stobbs and Imrie (1976) measured yields
of 6300 and 7500 kg per ha per yr, similar to that of Greenleaf. 
Similar yields have -. , _a ... in Florida (Kretschmner, 1970) 
and Rhodesia (Clatworthy, 1975a).
 

OTHER 	SPECIES
 

U. adscendens. In the subtropics this species flowers late 
iId seed byin the ,:is n arewiri production can be limited 

frosts. It is being tested in Colombia (Anon., 1976) and in Flor
ida (Kre.schner et , 1980) where it is resistant to root knot
rlrntode;.
 

0. barbatum. A pernria sp i es which is gra;'ed where it 
occurs f.t_ -7syr in .Vnrii, (Krot(ch(ri ,i 1971). Selec. ionsI South 
are undir test in Womibii (Ali., 19/6). D. barbatu:n, which can 

cid i witTFa wide rangegrow an iilnftiln ,i1, i ,1,1des ecotyps 

of cpowth haiit, fVi:3 d,rity, armdprodactivity (Schultze-

Krarft Giid iw',iiotti 197 ).
 

W. cajaniftliu . An Pr, t Wavy i,i in9 plant adapted to 
ac id - t; 7- s,TT. with pit r ial is i rowse plant (Schultze-
Kraft .mi Giicontti, 1979). 

. itr tta. Han snown nre potential in a pasture plant in 
Rh dei ia Clitwomi y,, 19/5b), Fi ji (Rooirtq., 1970), and Australia 

and!'ll
Q myro ,]r d l dlotV, 146Yi9) .
 

I,i 'puin. sh wrnrpr'ri ( in Ghanai, having greater

toL -one t dry fiiidn than Centrosema pubescens (Tettah, 1972).
 

D. po]vniurum. i i be .- 7570Isource of dry season feed in
 
drid Tr i T iit Ii ,t. ia ',where it Qrows near waterholes,
 
but 	digstibiltyi ntvery lo . Fa+ vey, 1976). 

. Irs, Al d- treyI hiI oityl'iel ed and establishedi. 

hare rapldl v i ii l"L:ie'mu (t .ucaena leucocephala)
 
(Naveh, T) er i aiy .it'-tp:iuntin Rhodesia Clat
worthy, 195h, 

J. tort uonum.r. wr-y.n] ' ki L Ftorid, beqqliweed, it is an 
ilpor-tart , -- Vt in tori arid s somei A' y, t, *,., hi show,, 
potentil a a5 pa'mtur, ptan it ini Nadei (Wi11wiithy, 1975b) and 
Australia (ia r i ndtM1A la ' , 1969) but n t in Hawaii where it 
is hig ly siscept ib , Io virus D. tortuosui is very responsive 
to phosphorus .and )lt isi,(s on andl et al. I9 . 

D. triflorum. Fri is p-civ is 'devoread in the tropics and 
subtropics Ti 111axn- and Ysrus, 1975). Ii Fiji it is even nre 
resistart toatavy Ir-Zrlug than D. heterophyllu hut animal pro
duction suffered at -ach ,r.zin, prss'res (-artridge, 1900). It 
has also invdet tortilizd, 'eivily cgrazed pastures in subtropi
cal Australia bilt ,ippar to nae little impact on pasture or ani
iialperformance. 

61nformation supplied by Dr. P.P. Rotar.
 

Olnformation supplied by Dr. P.P. Rotar.
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PLAN IMPROVEMENT~ ~ ~ ~ J ~~. 
Depteemany Desmad ium spcies that-have-been .iised--In ag

ric1ult - . e--nf~variety orfuses -such, as,'pasture component, fedidercop', and 'ground coe for~eroaso coto an . improve
ee ha ebee few.~~epsa lni improvement throughi

breeding. 
 This does: not iean that, there h -sbeen~noconsciou'sse
 
strains . . ;


efirst 'step
Th;J in any, improvement. program is-the. acquisition~ 
S.'of, a set o ~enoypes through field,.plant colectio antrodiic- 't~rfrom exiting~collections Th pv~~emod_~SM i rs" in 
Suse 
 throughiout the world. have been selected from.,germplasm~collec-j
Stions' followingtesting programs. :Sle~a (D nintu~Greenileaf (D. intortum), and Johnstone hetero~ (D.2 eterophyllu)


4e
were- selecfted 7 n Aust r aIia. Siv~ef rgnae:-i B~z 
S<Greenrleaf is a mixture of three accessions from ,El, Salvador, .Gifa) temala (via Hawaii),- and~the -Philippines. (original" source.{iun->known) ; whereas Johnstone, hetero came from New, Gu inea.'~ Florida 

carpon (D.heterocarpon) was released inU.S.A. from an 
intd'd~i
tiorf from IndTa. Each of these-releases was selected fromn'siallV7
 
se oacesos FoexmlS1 ela was the only D.Iuci~ natum. accessioni inthe CSIRO~collectio'n at' the tim~e of i e
lease, and Greenleaf was~a combination of, three~accessions from a>.col'lection of twel ve. There'are possibilities of obtaining better,
_clivr ipyb e of accessin..<apigalre .


Sevdinera seachr astuie bothinrhave hybriJization,
and nte-spcifi, ad bsicinformation~on~crossing, t chniquesand limiits to. hybridization, has been; published, (Rotar et al'

1967, Chow and Crowder, 1973) for those species. having "thei great-
est kn~own potential as pasture plants.. McWhirter.,(196) discov- 4.ered >cytoplasmic male sandw~icense .sterility~ -nD. adrstorer 
genes; in D. intortum and proposed a-ss~mT--re n hybridu:Jnvolvigthe" conmercial use of F2 seed.'. AIthouigh -there is scope~gfor.; breeding, no cultivars have been released jfrom breeding pr'-4A

~/grams and currently plant breeding activity isminimal. 
For plant breeding to iepotentially usefulbone must identify~

a.deficient character, demonstrate a herit'able' basis and ~aptntial raesponse -to :selectin and: have available 'an efficient andeffective selectiotehique.~
;''"Some deficiencies' which-have been identifiedilnpGreenleaf

Sde'smodium, the mo s t §'wde1y ' rown Icommerc ~i lt I vrareias fol' 
Slows: 
 smallI seed sied wi thfia consequent, l Ildingd iingito 
~problems.of establishmit and possibly, regeneration .1ate flower

4 Qing -in the 
to,.and 'susceptibility to e el~ efLLies

''~rie,1972a, 1972b; 1973). I For each.'.of these characters 
I 

.. ubrpics,'with 'a consequent reductio in sedpodc 

improve-
-~yment~hrough',reoiglspossible. Greenleaf will }ybridize readf
 

Sly-~with D. sandwicensei whichi has seeds-approximately'three tmeslarger (T.5~7 ~ ? 1~~g1O) ad~h esrmn f seed 
A <szein hybrid '0roiys asimple procedure'6 Likewise, heritable 

,,~ -- variation for. LLL disease 'tolerance-occurs within D.' intortunmrnak_ 
ing breeding for this cha~racter 'eas'ible. -', 

4 _k4 

4 

C 

http:problems.of


Simi larly, heritable variation for 'nodulating ab ilIity. and ni
trogen fixing capacity, has ,been' found,,bothl:r n'D . intortum and 0
sandwicense 'inoculated with :an'efctv~ inP um(u _ 
.on andooefF 7'~ -Selection -,'liproved' seedli ng ,nodulation 

Swas~ done on.'plants. grown'-on agar, but there wsa.lwcrrlto
 
with fJe~d~performance (Imiiie 195) Further -research. could
 

Sestablish effective 'techniques for improving' seedling nodulation 
'"which-.could aidiplant"'establishmnent. Nitrogen, fixing ,capacity'6f~~r 

a.mature , plant, stand"'appears to be correlated Yit, p nt ie 
prvddh plants are effectively. nodulated'an~d. supplied with

~,7essentialb2 nutrients. Selection for nitrogen fixation could be " 'K
most' efficiently achieved by selection for~pla~nt yield.

~'The. above character's are 'largely indepiendent'.:;of 'environme nt~ 
'~ whereas deficiencies in'other characters may be, local ised. , For"" 

',example, Greenleaf is susceptible to many" ins'ect 'pestsiw'and. some 
of-'these h'ave a limited 'distribution. Rsistanice -isunknown "and' ''~~ 

this could be due to insufficient screening'or a&lack 'of resis
tance mechanisms in the' species. In either4 case breeding-may~not -"" 

~be feasible. If there is~no heritable variation then there isno ''< 

basis for breeding. Alternatively,',due tothe''localised nature of 
a problemi,'breeding mray not be justified on economic grounds.'

Knowledge'of the extent 'of~heritable variation in desmiodiums~ 
is limited, even in those species-which are widely used in agr'i
culture. In~most characters of economic importance, for which
 
data are available, 'there is variation ,and 
 the opportunity for,im
provernent 'through breeding. An' increase in 'use" of desinodiums, as 
pa'sture plants or cover crops wl nobel edt nrae 
agricultural' production 'inthe~tropics anid sub-tropics,'but'.their
potent ial:'valuel'would be''magnified by a substantial plant b'reeding,
input aimed iat ' 

4 increasing'and'maintaining''productivity. Whether
 
this is'achieved by the removal of specific'li'ts such~as insect
 
susceptibility, 'or an improvement' in'quantitative characters like 
'yield or, nitrogen fixing capacity' is not important. Both 'are ' 

feasible and, can lead to tangible benefits. ' 

9 CONiCLUSIONS'
 

Desrnodiiu is a'l arge genus4 regardless of whether the broad 
taxonomic interpre!tation of Ohashl;, (1973), or a narrow view,+jis ' $ 

' ~taken., The :genusis widespread throughout the tropical and sub-'' 
t *regions~of' the world. 

nomiic tstudies,'<particularly of h'Aeia seis sdut 

* 'opical'' 'The'reIis 'aneed, for further taxo

*exist onthe, classification of, even the most widely* used cultivar
 
("" wh ich shoul1d poss 1blIy be .D. aearines rather than D.
Green Ieaf) 


' intortu An ofsion in 'taxonomy wi1171inevitably lead To
 
confusion in reconciling agronomic information from different
 
.sources. ~
 

Any taxonomic review must be preceded, by further -plant col
'lection. Herbarium specimens were not surveyed for our~review'and


}~4gemplsmcollections contain only a small portion of known ,spe-~
~9jcies, and many of these are poorly represented. Any;.future, taxo

h'~~~ornicreview should be bas'ed 'on the widest possible sample of'~>~~ 
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material and, where possible, take into account the agricultural
 
potential of the genus.
 

It would aid agricultural evaluation if all published results 
included precise indenLification of the material under study.
Where appropriate, arn iccession number of one of the major collec
tions would be preferred. Con fusion could then be avoided if sub-

Nequent. studie; indicated An an accession had been incorrectly 
identified. Our oxperienc, suggest that this is a real problem. 
Also, the posiilt applicat ion of published data to other areas 
could be aided by the pr vision ut climat ic, soil, and nutrition 
d a La. 

appareit rom 
thatt ,'arrinth turther ox dilination. The bulk JVf the iavailable in
tormati ion d 1rLtlturdi A ll zi roappl ies t K). inturtum and 
1).urripinatui, and indeed to Lwo ulLivors which hav 

It i . toi revi Lihat [besmod i urn is a geonus 

been selected 
from the! p , loth Spo i, dto highly produc-t ive where 
adapted, hut ivailabl data irdicatt that climatic and soil nutri
tional l lit W. ir ',hic th y ire adapted ar: relatively narrow. 

t
torval ly ippli 
urophyl ur, D. heter icarpon and L tiutr, mty sOllie 

lhi ' in plriti). q terh spciun such as D. het
t t and CCOtirt. fir 


Zf t-O -tt .iti n ti.
t I t riT-s run in t i enti f ii iterature. 
It i, not pot',ni ),- to mike or rad gener lizations about the 

Iiiuu, xta"Qv-' urv have hnbtr made on1few npcies, arnd thosei 
,tudlt, which hav be d'r" indicate dif-fouru or in their adapta-
Lion and prfinman eni nt t ruccessful s rei 'r . usi in pa)btie;i)" 

qurU ir, trn tt' ti! ii Q MliiLn LK id daphi limitat iris of
each sp-ie ,id t narttal it to it-jr that c nd i lonts ire favor
ably for Pnt hl ini t ii t rnd bruth, ;i'lorlt (i bo su.essfolly 
tv'rsovw in r as in Gro(ti 'al requJirt-, soed [edltI t but i prepare]d 
tin ou l e,'LhI lishiuit Iu dit ii n I'L'fiy !'v -tinq seed from 
Jo)hinstones.' li't' t i' itrn trood iil % to h,- vt it,iw ly propagat.
oil. 

Gt"etnleaf, SII verI'oat , :n l ,'rr tim' t.ri' ou pa tid with 
the other ttopical legumt,', require relat ively hih qii nutrient, 
level, fi good t ablishm nit tid maxitaimum, ptroductinr. High nirtrir
gen availability, ,h(th give; a co:np t it e dvi to asucitaVot 1,i' 
ated grasses, coul d lead to lons of the llss carefullentgutt'x pas-
Lutre mrnar/dgimai iii practiced. Greenrleaf arid -i lvtrle,'f also have 
a low Lale aoli to ndlirnity. 

The use of khizobium inoculuriito ,_nure go) iiutlat ion is 
required when suitab e native strains ato rot pr'tnt, in the soil. 
This is part icularly wi t Jhnstoe ht'ern whrich isirnportant Joh 
strain specific. Nodulatioti can he slow in Greienleaf but ,_stall
11Sil stands having adequate nutrition can fix up to 380 kg N per 
ra per anium.
 

Well grown [)esirodiuri pasLures can support iig.h levels of beef 
and milk prodtuctiont. Care irrust be taken to avoid overgrazinrg of 
Greenlear id S i lverleaf but Johnstone hetro, Flor ida carpon, and 
O. canum can withstand heavy grazing.
 

o"'oThsidering the promising results that have been obtained for
 
forage production and nitrogen fixation from a few widely tested 
species, and given the magnitude of the potentially useful portion 
of the available resource, there is ample scope for the future 
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study of the agricultural value of Desmodium. The authors hope
 
that this review will provide a useful background and some guide
lines for future work.
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Stylosanthes 
R. L. Burt, D. G. Cameron, 
D. F. Cameron, L 't Mannetje
 
and J. Lenne
 

INTR UUC TI ON 

_StCy_-sarItfhe,1 s a re at ively s 19a1 genus of tropical legumes 
t pecies of wnih art, native to South and Central Amierica and 

t C ar i b)ari. Wiiln t0ir native areas many of these plants 
haye iooiqe valor-ri by the l)Cai pastoralists (Skerman, 1970; 
P Itt-r, 1i),Ii tny rto,-intly nave attempts been made to domesti
cite tutr; fir >, p, c -ra (referred to as S. diarthra by 
Pitt icr) has , y j yr ~ijtfirst commercial Cul ivar. The 
dociesticatiorio f topi(-l pasture legumes is itself a very recent 
Phoyil ,,rlenir I. tn 0 rleed pasture in theIn 13'113- he for legumes
tropitc, wj,, r,ionn r i, li)t )ources were held to be in doubt. 
Williai, C i (1933) r t breeding of indigenous plantsjidered the 
ad thetext rl ion of tn-, uset of temperate species to be alterna
tivCs to th us, oi impor ted tropical species. It was eight years 
later t)efore Scholti d (1941) w&. able to state that "Tropical le
gui;,,, are satisfactory vtinir coos tal conditions in north Queens
1land but temperat t irgum,iarkedly trrSLuccessfu1 ." It was nota, 
until the, early !+-0, te.,for, definite evidence of the value of 
tropical legum, in drir areas- Was forthcomirlg (see Gillard, Sec
tion '-6). 

Thus we ire dealinq with a very new subject and there are 
sill 1 arge gaps in our knowledge . Because of tLie potential im
portance of Stylosarithes, mnphas is has often been placed on the 
study of its loirpor,rt species. It has already furnished over one 
third of all of the cultivars used as sown pasture legumes in 
tropical and sub-tropical reg ions. 

In this overview the knowledge assembled to date will be used 
to indicate wh icri avenues of research have been most rewarding and 
what remains to be done. Many of the principles and considera
tions involved should apply equally weil to other, more poorly
known genera. 

DOMESTICATION OF STYLOSANTHES
 

Published reports indicate that the first species of Stylo
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.anthes to be doinesticated was S. guianensis, which was used aas 
cover crop in the plantations of Malaysia. The first species to 
attract interest as a pasture legume was Townsville stylo, S. hu
milis, an annual from )outh and Central America. After its acci
dental introduction into north Queensland, Australia around tie 
turn of the century it spread throughout the arral and was regarded 
as "a sample of leguminous weed. . .of high feedirg value." It found 
local advocates who recoinlnendod it to dairy farmers and locally
favored lines and mixtures were distributed to graziers and sold 
commerc i ally. By the mid 1930s its i "its were recognized, but it 
was not until tile 1960s that evidence ot the value of this species 
was documented (Norman and Arndt, 1959; Shaw, 1961) and specific 
cu 1t ivars were ade coiilmerc i ally available. 

Townsville stylo had, however, evoked considerable interest 
before this time. McTaggart (193/) wrote that "Encouraged by tile 
success of tile annual Stylosanthes sundaicaI in improving or pro
v id ing Iasture... tile ivisn- -fant industry sought, by corres
pondence overseas, a perennial spec:ies of Stylosanthes which in 
tropical Australia might. prove to be a true sulhstitute f7or lucerne 
(Medicago sativa) as a pasture legume. The search resulted in tile 
introduction, on October 6, 1933, of the perennial species Stylo
santhes quyanensis ...from Brazil." 

-WTdeLy tested tnroujhout northern Australia, S. quianensis 
was found to be particularly well adapted to ac I, infertile, 
phosphoru. deficient soils in wet. areas. Schofield, working at 
Soutl Jolmstone, l)roved its valiie as a pasture species (see Teit
zel and Middleton, Section i-7). It wvas subsequently given tie 
culti,,ar name of "Schofield" in 1966. 

ie success of tile species S. humilis for dry tropical areas 
and S. guianensis for more humia regions stimulated a great deal 
of int "est in the genus. It should be noted, however, that this 
success was based on a very limited range of plant material. Fur
tiler introduction by correspondence folluwted. It was riot until 
1947-48 that a collecting mi ssion was undertaken to specifically
provide material and even then tile main concerl was with tilhe sub
tropics (Hartley 1949). One of the introductions collected on 
this mission, subsequently to, be iiade available as S. uianensis 
var. intermedia cv. Oxley, proved to be quite different from the 
cultivar Schofield; it was well adapted to drier and colder sub
tropical areas and was very different morphologically. The wide 
ecological and agronomic variation within a Stylosanthes species 
was then recognized. 

By tile 1960s many accessions were obtained by correspondence 
and, although the or.phasis lad been heavily placed on S. ui anen
sis and S. humilis, there was a scattering of introductions rorn 
other species. Various collecting trips were made to tropical 
areas and tile existing collections were augmented; several Austra
lian organizations held collections of tle total available range
of material. To avoid a piecemeal approach to evaluation, these 

inow known to be S. humilis. 
2
 now S. guianensis.
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collections were assembled by R.JWi I iams and transferred to 
Y Townsville, Queensland, Austral ia~ Little' or nothin~g w4as ,kniownabouit, smof the species~and som accessions were unnamed. Be- ; 

cause ~td~ pecies were new and of unknown performance it was not
 
#eicea -which ctiers should be measuired,~ Taxonomic de-<
YLL cniiptions by'(.themise-ives.dvould not -.e-ae ae4 a-he-c
~&t~~~W~m~kdlIy, fern -fth ~same speci es, 

desinedI med H ' e0 oallconcerned~~ -.
dei -dtoeanjngfully descr.be'.theco11ection ,t
with its.'u ilizatir.- ForIec h.. ace n te sa gooi

Scharacteritc were, esred ield,' ,flowering- time, persi 
. tepce, and so forth. '4IiVaddition," ,ther morpholgicainformaton~


wascol lected, which~could be-used to ,distin~guish lines fshape~ofiiA

eaflets, degree of viscidity, et cetera. >The~resultant ifrna-~

St ion was, analyzed using a_computer-based 'casfctin'rga
'(and the 154 accessions were divided into lmorpiological oagronoic I~ 
~J(M-A); groups (Burt~et al. ,,971).~ To ~a large extent' the taxbnomyAKof the species was maT~tained~but the M- groupsre
jinfor'mative than the' species (see -Section III). Several,, species~j)
~j1 appeared to be adapted to dry tropical environments, and,,a consid- Iy~
~verable amount of useful agronomnic variation 'was 'found to exist n~;S'.guae s Woksic 1971 has-resulted inthe commercial re
~Tease _of new" species - S. 'hamata cv. Verano and, S.sca'bra~cs~

Seca and Fitzroy -for dry areas and S. guianensis cvs. Cook, En-'<
 
~deavour and Graham for more humid regions. te speciesinth

collection were found to have agronom~ic potential and"mabmadej'~ available in the future. A coordinated approach to the develop-~~~

~> ment of this collection promoted a quick', efficient utilization,'ofI2
~jthis resource (see also Multidisciplinary Approaches,,Scio'I

~:'7). 
Recentwor'k at other Tr-opicalResearch Centers apercr

tamn to result in the release of additional new: cultivars. The
 
work at CIAT.3 (Cali, Colombia) has demonstrated that S ca a

is well adapted to the e tremely Jnfertile, very, acid ilfon

on~the~Llanos and Cerrado 'areas ofSouth Amierica. In Florida 'and:.


~Antigua "hew" forms, of S. hamata were found which~thrive in'lk
line soils, situations which at one time appeared to be ursuitd~
 
to tlsnhs The potential of Stylosanthes' is,''far from 'ex- -


Sfhausted.. 
' 

Pjast introduction and :evaluation progra'ms 7tended. to adopt ~a?4
ra;ther,:parochial attitude and have concentrated hevl n.speis~>


~of,.,immed iate promise in the area cLoncerned.:' Su~ch 'is 'understan'dK 
but itcwnhave outcome 


Jfollowing examples relating to -the domestication ofj)S.hmta~
 
ab'Mle an unfortunate as may be. seen,'i the 

~s~ecies long known to have agrdoomic 'potent ial 7 hamata
first introduced into Austral ia in:'the' after.- very:.,faOnd,

vorable~comments from McTaggart-(1937)'\its significance,.was lost,
presumably because it. fai led to:survive: 'An, the areas12in hich; it'iliJis'wasl~est'd., surprising as'tie'introduction; r i't' 

3CIAT' Centro Internacional de Agricultura Tropical, Cali,

SColombia 
 -
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from a region of strongly alkaline soils of Guadeloupe and was
 
ill-adapted to the acid soils on which itwas originally tested.
 
Had this accession been tested on alkaline soils, the current in
terest in S. hamata (virtually based on an almost chance introduc
tion by AtTinso- could well have been aroused in the 1930s; the
 
cultivar Verano and the promising lines in Florida, Antigua and
 
Columbia could perhaps have been developed at a much earlier time.
 
International collaboration and cooperation in the collection and
 
evaluation of tropical pasture legumes isobviously necessary.
 

THE RESOURCE POTENTIAL
 

By tropical standards, Stylosanthes is a sm.11 genus: it
 
contains only about 30 named species (Mohlenbroc?., 1957) as op
posed to 3UO to 500 for Desmodium. Nor does ithave the two cen
ters of diversity found inDesmodium; there are only three species
 
of Stylosanthes native to areas outside South and Central America
 
and the Caribbean: S. sundaica (sometimes considered to be con
specific with S. humilis) is from Malaysia, S. fruticosa from Af
rica and India, and S. erecta from Africa.
 

The remaining species are found over a very wide geographical
 
range extending fromi beyond 30'S to over 40°N--from the Argentine 
to New Jerspy, U.S.A. Within t.his are!a they are found on soils
 
ranging from pure sands to heavy clays and on soils with pH's 
ranging from 4 to over 9. Tiey are found in areas which receive 
less than 400 mm of rain annually to those with more than 4000 Iom 
and in areas with maximum temperatures of mnore than 40'C to those 
with iniimum temperatures below zero. 

The largest collections (gene or germplasm hanks) of Stylo
santhes at the present time are Vel d by CIAT (in Colombia and 
CSR07 in Australia). Although oile can us, the descriptions of 
these collections as indicator-- of their adequacy there are many 
reasons why these must be regarded purely as indicators. Other 
institutions are now involved; EMBRAPA (Brazil), for example, is 
establ ishing substantial collections (Giacometti, 1979) and is
 
publ ishing well documented information about them (for example, De
 
Sousa Costa and Ferreira, 1977). Although one can measure the 
size of a collection one cannot measure its quality; relatively
 
small col lections may contain potentially very valuable material
 
which is not held elsewhere. Finally, it should be noted that
 
researchers are in no position to begin to define 'quality'; a
 
species of no particular interest et the present time in a given
 
location may quickly prove to be of tremendous agronomic impor
tance. Details of the CIAT and CSIRO Stylosanthes collections can
 
be used to indicate many important features about the development 
of tropical pasture legume germplasm resources (Table 4.1).
 

The first point to note is the size of the collections. In
 
total they number less than 2000 accessions, about 1/10 of tile
 
size of the World Phaseolus collection (Anon., 1978). A second
 
feature is the species representation; 4 species are not repre
sented at all and a further 14 have less than 10 accessions each.
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TABLE 4.1
 
Numbers of Stylosanthes Accessions Held by CSIRO and CIAT I
 

CSIRO CSIRO CIAT Total 
Species 19692 19783 1978' 1978 

S. angustifolia 
T.biflora 

2 
0 

4 
2 

7 
0 

11 
2 

S. bracteata 0 0 5 5 
T.calcicola 1 2 4 7 

S. capitata 3 23 51 74 
. cayennensis 1 1 0 1 

(S. hispidTa) 
S. erecta 3 15 1 16 
S.T1queroae 0 0 0 0 

. r t Icosa 34 72 4 76 
S. guianensis 121 257 438 695 
S. hamata 11 154 63 217 
S. Tippocampoides I 1 0 1 

. humiiis 49 80 113 193 
S. in rata 0 3 5 8 
. leiocarpa 1 3 1 4 
S. macrocarpa 1 1 0 1 
. macrocephala 0 0 1 1 
-..macrosoma 0 1 0 1 
. mexicana 0 2 1 3 
S.montevidensis 3 7 38 45 
. nervosa 0 0 0 0 
S. pilosa 0 0 1 1 
. scabra 25 49 115 164 
S. sericeiceps 

. subse ricea 
0 

17 
0 

26 
0 
3 

0 
29 

S. sundaica 1 4 2 6 
. sympod a1is 
S. tubercu T-a 

0 
0) 

6 
0 

8 
0 

14 
0 

viscosa 11 29 67 96 
S. sp. afT. haMata 0 8 0 8 

. -spp. 0 170 49 219 

285 920 978 1898
 
11t isestimated (1978) that about 120 accessions are common
 

to both collections.
 
2from Edye et al., 1974.
 
3from list compiled by R.J. Williams (pers. comm. 1978).
 
"from CIAT (1978).
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Many Stylosanthes species contain 
a great deal of variation.

Some groups of plants now taxonomically classified as one species
(Mohlenbrock, 1957) are so heterogeneous that they were formerly
classified as several species. If one may arbitrarily deem that any collection containing less than ten accessions per speciesgave an inadequate representation of that species, then fourteen
of the twenty-five species (Table 4.1) are poorly covered. Certainly a species could riot be said to of "no agrononicbe inter
est" if it was so narrowly represented.

The reverse situation would appear to be the case with S.quianensis which alone comprises more than 40 percent of the ac
cessions in the CIAT and CSIRO collections (Table 4.1). Unfortunately this species is riot as well represented as the numbers ofaccessions in these collections night make it appear-. S. guianen
sis occurs over a wide geographic range which has been arbitra-riy
split into four regions (Table 4.2). First is South hierica, excluding Per-u and Bolivia west of the Andes. The latter, our second region, is knowi to be floristically different; with the Gala
pagos Islands it is the only region in which S. sympodiali.3 occurs. It is one of the centers of diversity for a nunbmer ofplants, anong which are primitive cottons. Central America con
sLitutes a third region. It appears to be the area in which one
of the Most desir-able forms of S. quianensis occurs. Finally,there is i'exice, a country Known to be the center of diversity
for a number of crop species arid tire only area in which some vari
eties of S. quianensis occur ('t Marnetje, 1977).

It is 1ied at-ely ?pparerL that present col lections are very
biased away from certain area;. it is most on likely that there is even a reasonable reunresertat of variation to beion the found 
S. quianensis, th(e b(edt collected species. Two varieties are not

in 

represented at atl ('t Mannetje, 1971). 

TABLE 4.2 
Regions from which the CSIRO/CIAF Gerrrplasn Collections of
S. guiarensis Were Assembled (1978) 

Numbers of Accessions 
Rug iori CSIRO CIAT
 

1. South America, excluding Zone 2. 221 393
 

2. Equador, Peru, Bolivia, west of Andes 
 1 0
 
3. Central America 
 27 45
 
4. Mexico 
 8 0
 

257 438
 



147 

TAXONOMY
 

According to Hutchinson (1964) Stylosanthes, together with 
Arachis, Zornia, Chapmannia, and Pachecoa, belongs to the tribe 
Stylosanthea of theTa -y -Fabaceae (pilionaceae). Chapmannia 
- herb from Florida) and Pachecoa (3 shrubs from tropical Ameri

ca) are not used as pasture le ulnes, out. the othe," genera are. 
Zornia has a pod of three or fore articulations and 2- to 4-foli
ate leaves, whereas Stylosanthes has one or two articulations and 
3-foliate leaves. Arahs has two pairs of leaflets (rarely 3
foliate) and tire fr t matures below the ground. 

The gens 'tylDsanthes, established by Swartz (1788), has 
been revised tir cc--nti fjVogel,1838; Tauhert, 1891; and Mohlen
brock, 1957). Vogel's division of the genus into sectionc has 
been maintained throughouti. .Snoecits in the section Styposanthes 
po,sts a rudimentary sectondary floral win (axis rudiment) and 
two inner bracteoles, wh ile thop in the ,ection Stylosanthes lick 
an 'axis' rudiment ani have nly one inner bracteoT. lHowever, 
the axis rudiment is fr-n.t-ntly candcuuo in some species, e.g. S. 

.-S. and addition,Uan1ta a, oericeps:h -. sundaica. In Blake (1921) 
ii--luhll erir - -Air-l "r T-ethat S. sericeiceps has only 
un inner hract ile. 1lie p it I hi c ,xceptions the recoggnition of 
Ieii uns in support ed by cytologcal (Camieron, 1967), morphologi

cal, and di tritint on il -, id-rie. A1 kHuiwn polylo i ard all 
ir i l rinj viv f'l the e-nt-- of rciqit, ( (cept the 

douht tul ici-an - io- . suborbiculata, htlan. to re section 
! typOS anl t he s..... ... .. . . 

. . i t i I yi Lin Ifat ii idla a pth oo rlCd!Iy f f i
owlt tru Linu-s -i ,i lit.-i -_- TflI are io afl ] d, ii ,, " lit- l"worn on n 
til 1 I t it e 'it(iI fi t i , ur (III in t l,: n f ilher i if inner brae
lar!r (II or ) ,ti i t- em - ti" e nc f .i ,,i is r ud imetsn , 

th -1 t 1 e o rti p, in t h shape arnd haii-iiihr o I icult ior , 
1 ( itstine t ) ) tat Jpl ) to rt icrl o ll i l the le gth nd-MOtt 
cS V a r,nt i it ftt!-Lh, tir (ardareauld l yl). Vegetative 
dirtur r oot .art. q, ea-ll ,liqi l a ,itpl s r th . shape o ea lets, 
the g idth of hi,, fl- a ind. nrie (eOr iSceo brisbhin p ptabi , 
Lb es nrifiltdy e it. While the m sphological hith st--vs. .pt-c s
ldrititash lb& ,,,,f .p-iq,4i: aw, wo, indicativ, of similar agr'ollomic 
huhadiir, Hur, tt 11. (19311) found that a ,groupingq of St lo tnhes 

afoeiu hn etriA of mor olgical Lo o iar satti-b-Le-s 
was valu le in preditlg their usefulness as pasture legumes.

HoS , trop i CaI pa:,ture iegumues have- a twi n inq hah i t , wh ic h 
Ilmits the ir ,,daptati n~dto graz ing P't Mdannetje AL al., 1979).

nu.eiIsetpt(ii llu u pna rao y it yrldanaStyLosanjtjh,-s s o.in thet other hand are all sub-erect to erect 
herbs or small shrubs; and' either annlual or pe:renrnial with copious 
seed p~rOduit-ion. 4evyral StylosantheN, species are? wellI adapted to 
grazing either by nlavinq a prostrate hab)it (e.g.S . humilis), or 
by h~aving woody st-qF wnich are not grazed (e.g. S. scabra). Thle 
non-dlehiscent pod (nut splil-ting open at inaturity) is an -advantage 
for seed harvesting and regulates germlination of annual species to 
some extent: by prevent ing germination as a result of liqht showers 

at the beginning of the wet season (Holm, 1973). 
Vogel (1838), Taubert (1891), and several other authors (e.g. 
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Hassler, 1919) recognized varieties in several species. However,
 
Mohlenbrock (1957) abolished all varieties and combined some spe
cies. Where true variation existed, taxonomic "lumping" meant a 
loss of taxonomic or agronomic information or both to economic 
users. Several varieties of S. quianensis have since been identi
fied 't Mannetje 1977). Recent examin-tF-on of herbarium mater~al 
indicated the need for additional taxonomic research to subdivide 
uther species and to reduce some species to varieties within spe
cies. Seed protein pattern interpretations (Robinson and Megar
rity, 1275) and the new species and varieties proposed by De Sousa 
Costa and Ferreira (1977) support this viewpoint. Whereas some of
 
the proposed classifications can be accommodated within species or 
varieties described earlier, the confusion in the communication of 
inform ion indicates that the taxonomy of Stlosanthes is in ur
gent ri J of revision. 

Such a revision can only be done satisfactorily after exten
sive genetical and cytological studies have been completed. This 
should be done on more ;pecies than those presently available for 
in vivo research. A first requirement is to systematically col-
Terc seed and herbarium specimens from ecological niches and spe
cies poorly represented in existing germplasm banks and herbaria. 

ADAPTAT ION
 

Climatic Adaption
 

This discussion contains a brief consideration of the climat
ic adaptation of the various species and their forms as represent
ed in our collections. Current collections, however, are far from 
complete and the adaptational range of some species is underesti
mated. If one is to formulate introduction programs for improving 
tropical pastures it is necessairy to have some indication of the 
true adaptational range of the species of interest (Burt and Reid, 
1976). Such information can h- inferred from the literature by 
noting the frequency with ,.hich the species Occurred in different 
types of ci]immite. Climatic adaptation of some of the presently 
more agronom ically interesting spci's are given in Ta le 4.3. 

Table 4.3 indicate; that the species differ markedly in their 
range of climatic adaptation. S. viscosa has a wide climatic 
range coupled with a wide geographical range (from Paraguay to 
northern Mex ico). S. h:iat a has wide cl imat ic range but is 1in
ited geograpnically; it rarely fcund outside the Caribbean and 
the adjoining mainland coasts. S. uianensis is relatively limit
ed climatically--it is rarely found outside the wetter areas--but 
has a wide geographical range. S. syinpodialis is limited both 
climatically aridgeographically. 

Morphological Adaptation
 

From the scattered observations which are available it would
 
appear that various imorphological features of _Stlosu,-thes sp.
 
tend to favor their success as pasture species. The very factors
 



TABLE 4.3
 
Distribution of Various Stylosanthes spp. in Rel3tior to Climate (Based on Data Presented by Burt and
 
Reid, 1976)
 

Climate (After Reid, 1973)
 

Wet 
tropicul 
highlands 

Equatorial 
extended 
rainfall 

Tropical 
extended 
rainfall 

Tropical 
seasonal 
rainfall 

Tropical 
semi 
arid 

Hot, sub-
tropical 
desert 

Sub
tropical 
seasonal 
rainfall 

Dry 
tropical 
highlands 

Frosty 
tropical 
highlands 

S. capitata XI XX XX 

S. mexicana XXX X X XXX 

S. erecta XXX XX 

S. scabra XXX XXX XXX XX X XXX X 

S. sympodialis XXX XXX 

S. fruticosa X XXX XX XXX XX 

S. subsericea XXX X X 

S. hamata X X XXX XXX XXX XXX XXX XX 

S. guianensis XX XXX XXX XXX XX X 

S. viscosa XXX XXX XXX XXX XXX XXX XX XX X 

S. humilis XXX XX XXX XXX X X X X 

1 "X" signifies present, "XX" common, "XXX" frequent. 
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which tend to separate Stylosantnes from most of the other legume
 
genera which have yielded tropical pasture plants may have agro
nomic significance. Unlike most of the other genera, Stylosanthes
 
consists entirely of herbs or small shrubs. Usually they have a
 
'crown' of growing points near the soil's surface 
which provides
 
the plant with resistance to the grazing animal, and to fire and
 
frost, in contrast to climbing plants which are often susceptible
 
to all three factors. Unlike many of the other genera, Stylosan
thes has indehiscent seed, i.e. seeds are retained in the pod.
 
TFe-pod helps to regulate dormancy, thus preventing premature ger
mination during false starts of the rainy season. It aids seed
 
dispersal by preventing total digestion by the grazing animal and
 
by being hooked, which enables it to be dispersed on animals'
 
coats. The seed coat itself may be impermeable and this further
 
helps to regulate dormancy (Gardener, 1975). Such seed character
istics, which tend to be mcst valuable in dry tropical situations;
 
are not found in S. guianensis, a species adapted to wetter areas
 
with longer growing seasons.
 

Another Feature which may favor, Stylosanthes in grazed pas
ture situations is the relative unpalatability of some species at
 
some times of year; Gillard (Section 1-6) and Teitzel and Middle
ton (Section 1-7) mentioned how this characteristic favors surviv
al in S. viscosa, S. humilis and S. guianensis. The reason for
 
this is uncertain but has been part-attributed (as with other spe
ies) to the presence of viscid hairs.
 

Although the evidence is meager, it appears that Stylosanthes
 
produces a deep rooting system. Talineau (1970) suggested that
 
this places S. guiarensis at an advantage over its less-deeply
 
rooting companion grasses and Gardener (1978) noted that dryland
 
perennials developed deeper, less-branched root systems than an
nuals with the same root weights. Deep root systems may explain
 
the ability of some of the dryland perennials to grow well into
 
the dry season; they extract water arid nutrients unavailable to
 
other shallower rooted species. This possibility is presently
 
being investigated (J. Williams, pers. comm. 1979).
 

Physiological Adaptation
 

For this discussion the tropical climates of Queensland, Aus
tralia are arbitrarily divided into three types: humid tropical,
 
dry tropical and sub-tropical. The main features of such environ
ments are shown in Figure 4.1. The first (Innisfail), humid trop
ical is wietter and has a longer growing season than the second;
 
variability of rainfall both within and between seasons is often a
 
characteristic of the second (Townsville). In the sub-tropics
 
(Gayndah) daylength is more variable, minimum temperatures can be
 
much lower (sometimes low enough to frost plants) and rainfall may
 
be more equally distributed. Often, as in our example (Gayndah)
 
the combination of lower temperatures aridspring rainfall (in this
 
case before December) allow plant growth at this time of year.
 
Plants are differentially adapted to these conditions.
 

In humid tropical environments three cultivars of S. guianen
sis proved to be well adapted physiologically. They are resistant
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Figure 4.1. 	 Climatic features of Innisfail (humid tropical), Towrsville (dry tropical) and Gayndah (sub
tropical), Queensland, Australia.
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to flooding but can survive short periods of drought. Like all of
 
the tropical species examined, their germination and growth isfa
vored by high temperatures (Sweeney and Hopkinson, 1975; Mclvor,
 
1976a). Seed production is,however, essential to ensure long

term survival, and we find that flower initiation is favored by

lower temperatures such as those found toward the end of the grow
ing season (Cameron and 'tMannetje, 1977). Similarly, the end of 
the growing season is presaged by falling daylengths and these 
cultivars are short day plants, flowering when daylengths fall be
low critical levels (see Figure 4.1).


In our dry tropical climate, temperatures and shortening days
have a similar effect on tihe flowering of some forms of S. hamata 
and the species S. humilis, S. scabra, S. subsericea, and S.v-Ts
cosa (Cameron and 't Mannetje, 1977). Critical dayleogths vary
Tigure 4.1); early flowering Townsville stylo initiates flowers 

when the daylength drops below 13 hours, later flowering varieties 
have shorter critical daylengths. This is an adaptive character
istic but it can nave an unfortunate side effect for pasture sys
tems. Townsville stylo is a determinne plant arid vegetative
growth virtually ceases after flower initiation. As flowering is 
fixed by daylength we thus have the situation that, with late 
starts to the growing season, plants flower and cease growth when 
they are still very smal1; they cannot continue to grow even when 
good follow up rains occur. S. hamata cv. Verano, which is less 
daylength sensitive and does not have this determinate habit, is 
not so canstrained.
 

In the sub-tropics, where spring growth is possible, another 
taxonomic variety of S. guianensis has proved successful. This
 
variety is represented by the cultivar Oxley. Early flowering is
 
again advantageous hut in this instance early growth occurs under 
conditions of increasing daylength. Oxley is a long day plant,
flower initiation being promoted by daylengths which exceed 13
hours. It is also different from the other cultivars of -I. uia
nensis in that it is very resistant to drought, fire and overgraz
ing, all characteristics which suit it to a dry sub-tropical envi
ronment.
 

More detailed physiological studies for the "older" cultivars
 
of S. humilis and S. guianensis may be obtained elsewhere (e.g.
GilTard and Fisher,- 1978; Rotar et al., 1981). Unfortunately,
 
very little else is available for many of the other species nor 
can such work sensibly cover them until they are more completely
collected. It should be noted that the large physiological dif
ferences found among the cultivars of S. ;uianensis could well 
exist in other species; in S. hamata there are some forms which 
are daylength sensitive and others which are noL (Cameron and 't 
Mannetje, 1977) and, even within the naturalized forms of S. humi
lis found in Australia, there are different temperature -equTFe

Ments for flowering (Schoonhover and Humphreys, 1974).


Much remains to be discovered about the range and limitations
 
of physiological adaptation of Stylosanthes forms and the implica
tions of such findings for tropTcal pasture improvement.
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Edaphic Adaptation
 

Stylosant es is usually considered to be a genus which is 
adapted to infertile soils. Certainly some of the currently 
available cultivars appear to be more relevant to such conditions 
than equivalent species from other genera (soe, for instance,
 
Teitzel and Middleton, Section 1-7 and Robinson, Section III). It
 
would be incorrect, however, to assume that all Stylosanthes spe
cies or species foris are usually tolerant of poor soil feTlity; 
some species such as S. synpodialis appear to have a relatively 
high requirement for soil phosphorus (Section Il-1). Impressions 
of the fertility requi:rements of this genus are very dependent 
upon the characteristics of the existing collections, the condi
tions under which the accessions were tested, and the environiments 
in which the plants were observed to prosper. 

Other generalizations must similarly be treated with caution. 
The suggestion tat Stylosanthes is primarily adapted to acid 
soils stems from work where the genus has proved successful in 
such situations. In Puerto Rico, where alkaline soils are common, 
Stylosanthes is considered suited to alkaline situations (Dubey et 
a].,1974 .- The opinion may well be an artifact of the existing 
scientific i tormatiolr network, for by far the greatest rumber of 
Stylosanthes citations in the English literature are for plants 
observed growing in acid snil cornditions. It is now known that 
both acio and alkaline adapted forms exist within the same species 
(Date et al., 1979). Similarly, the belief that St losanthes is 
u nsU ited TO heavy textured soils may be very much a unction of 
tie accessions tested to date; S. synpodiolis and S. hamata are 
both known t; thrive on heavy soils and some forms of S. scabra 
and S. quianensis are currently showing promisc in simil-ar si-tua
t ions. Further information on edaphic adaptation is presented 

.1ewhere (Section !I). 

_r'on ri c - Ecolo ical Ad aptat ion 

Although a plant may be edaphically and cliratically adapted 
tnere are various reasons why it may be agronomical ly unaccept
able, we will mention three. First, plants shown to be adapted in 
prelininary evaluation experiments, often in spaced plant rows or 
in lightly grazed swards , may subsequently succumb to -ompetition 
from a';soriated species, misimanagenent practices (too lenient or 
too heavy grazing) or to climatically 'bad' years. Fire arid flood 
are also additional stress factors, It is for these reasons that 
the area thought suitable for Schofield stylo has steadily con
tracted unt iI its present boundaries were reached in commercial 
practice. Similarly the area thought appropriate for- S. humilis 
has contracted markedly, particularly when better adapted species 
were found (Gillard and Fisher-, 1978). 

Secondly, plants must be suited for the long term require
ments of the an imal arid the agricultural system in which they are 
to be used; these needs are often difficult to determine in ad
vance. What, for instance, are the advantages of high yielding 
palatable annuals and short-lived perennials over less palatable 
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perennials that stay green throughout the dry season. In an in
tensive production system high yield may be a major objective with
 
pastures being replanted at regular intervals. But in extensive
 
systems, the plant's ability to naturalize and persist over long
periods of time may he ,more pertinent than yield.

Thirdly, what are the long term effects of the various plant
types on the grazed ecosystem? In tropical pastures based on
 
Townsville stylo, instance, grazing and the offor heavy addition 
superphosphate are necessary to maintain legume stands. 
 With per
ennials, high grazing pressures may eliminate the legume which, is

better able to withstand grass competition in less heavily grazed,
extensive systems.
 

Conclusions
 

Compared with their temperate counterparts, our knowledge of 
even our best known Stylosanthes species is extremely limited. We

know little or nothT-g about other species, such as S. snpodia
liUs, or species forms likely it)be of value. This situation s 
not improving; ir 1977 (the last volume uf Herbage Abstracts for
which an annual index was available), 63 publications contained 
some information on Stylosanthes. Of these, 52 referred to either
 
S. humilis or S. guianensis and only 11 to the remaining 23 spe
cies. 

EARLY DOMESTICATED SPECIES
 

S. humilis'
 

This species is commonly called "Townsville stylo" i, Aus
tralia and other countries where it is sown. Early publications
sometimes referred to this species as S. sundaica, with the common
 
name of "Townsville lucerne." Three cultCivars: "Gordon," "Law
son," and "Paterson," which flower at different daylengths, have

been identified and released. Black seed color was incorporated

into one of them as a marker cnaracteristic. These cultivars were 
selected from naturally occurring Australian ecotypes growing on 
acid sandy soils.
 

Distribution in Australia. Since its introduction into nor
thern Queensland, S.hius has spread throughnut much of the 
tropics. It is not, however, present in significant anounts in 
the uplands o- at latitudes more than 5S of the Tropic of Capri
corn (Gil lard and Fisher, 1978). Its growth is restricted when 
the mean temperature falls below 23'C (Sweeney and Hopkinson,
1975). It can, however, survive in areas which experience frost 
in the dry season. S. humilis is not found in wetter areas (>1200
mm; <4 dry months) or in dry regions with less than 600 mm annual 
rainfall. Almost certainly its exclusion from wetter areas is due
 
to its inability to compete with tall grasses or insufficient time
 

4See reviews by Humphreys, 1967 and Gillard and Fisher, 1978.
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for its nard seed to break down or both. S. humilis is unsuited 
to neavy c'ackln 9 clays C" to heavy textured fertile soils. The 
reasons for this failure are unknown but would be at least part 
due to its inability to persist in high phosphate soils and exces
sive competition from native grasses. 

Environm.ota! factert affe-t in, use,. Pir bruad terns it can
b- stated -- r i-- i-ii- -isnoe7T"7,?--nat Townsvi lIe st.ylo is 
adapt~e to tropical ara4 ,.'ith annual rainfall of 800-120'0 mm and 
with dry soaonn of mar" thdn 4 inonths. As stated earlier varia
)ility of rainfall is important; pastures baod on a single geno-
typ of till species may suffer from deterioration or loss of the 
leygme in ye.s, oi,,tire, high reIativeatypical r s humidities, 
he wv" ' " orut if 1',ts(on rairl ar, also importarnt as they 
qr atly redic,: the qu,, 11t, oft tandiiy ivy in the dry season. 
Hiyn hi id tie, Ii the j a1r is witharrwirel issociated 

l. lr' o ar tr-cno e di inase. An indirect effect of climate 
i5, axerted tLirowl the (ol i 1nin yr iss (Gillard and Fisner, 1978). 
In Sr Iit opical dry shire- j nervy grazinq weiken perennilal na
tive .]r',,s 4 'hich i oit i d arerr, lacedi by rI al s. Where the 
dry ne an is less uv,r-, for instae, in ;mr_re subtropical areas 
, r,: L mpratdrn are lwer nil 'irter rainfal I nore frequent, 
the perenni1 1 rin', tnd to persist. If left ungrazod, competi
t IIfru) o l liinat, loiUlm, fromii the sward.tn' 1 jr i'qes can l tihe 

ciiriui piou.i ion from lownsville-stylo based pastures. The 
usY of t i ir-.-,i-I -i -fr ,i a areas is a r lt e]y new 
pheuim non; Townvil , ,ylo cul ivars were not commercially 
available until the mid 196 ) . Not surprisinrly, the dcocurenta
tion ii . Dw Vtiiol eMieis is relatively restricted. At
tempts t use' lciwi villo '.tylo in coijunctiii with crois, under
sov'inj und (,-raziri the (lop r. 'biduis, chi associated Townsville 

ty I, haw' only, roc til y been 1le. The viltue of Townsv i le 
qtylo ii A4 in op, t bom dicum:ented. Nr'nan (1966), it A a I4 
,iiuce:Ijiii~tiiii I ;'~',i k. 'in ia dKii ing ry season when 
oraziiq 1 pi t ire nl. iri nd porceit oc',rsvill- stylo and 37 
porni , "iui l yras . Whl ith proportion of qrass increased to 
7/ p tr, rt ut(r nl id par rioia]') and th proportion of legumire 
f,: 1 toi 3 p,,rc nt the equivalen liveweighi ,aii fell to 9 kg/ 
head. in Inria, wiere lTownsvill stIylo has been incorporated into 
nat iv, p '..reS and the dry st,'a'Ocl hay is cut and fed to dairy 
catt , milk priiduction is said to be iicreased. 

in an ,'xtensive, continuously grazed ituatWion iveweight 
,lain/ha is pruobualy a more meaningful measure of the value of thelegue. Unfortunately, although it seems toat Townsville style 
has performed satisfactorily in such varied circumstances as Flor
ida (Kretschmer, 1968) and the dry zones of Nigeria (de Leeaw, 
1974) , long term grazing experiments rarely appear to have oeen 
reported. LiveweighL gains at Rodds Bay, Queensl and, Aust'al ia 
averaged over a 7-year period, increased as pasture was improved
from native pasture (22 kg/ha) to native pasture + Townsville sty
lo (83 kg/ha) and to native pasture + Townsville style + ;uper
phosphate (132 kg/ha) (Shaw and 't Mannetje, 1970). At Landidown, 
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Queensland, Australia superphosphate added to Townsville stylo
 
pastures increased liveweight production from 115 to 135 kg/ha and
 
increased the conception rate of the cows. 

Variation. S. humilis is adventive, not native to Australia,
and only limited-var ration can be found in the Australian popula
lations; such variation is mainly in flowering time, growth habit, 
seed color (Edye and Cameron, 1975) dnI in temperature response
(Schoonhover and Humphreys, 1974). Most of the other introduc
tions studied have been from Brazil. Like the Australian material 
these had 1,r'ge leaflets and some (together with other accessions 
from Colombia) closely resembled those found in Australia (Edye et 
al., 1975) There is, however, a much greater range of variation 
within the Braz iliian material. 

Accessions from Central America are small leaved and are 
quite variable. Three types have been designated, one of which 
has flower heads in the stem axi as well as terminally and thick 
markedly coiled beaks which are very reminisccnt of those found on 
S. subsericea (another annual from Central America) (Edye et al., 
975 . 

Since theste group, Yere (efined, Austr . lian collections of 
these annual and snort-lived perennial species (S. haniata, S. hum
ilis, arid S. subsericea) have been expandd and it has become in
creasingly diff Ku t to separate them. This situation exemplifies 
a recurrent problem that occurs when a heretofore obscure genus of 
plants attracts interest because of its newly recognized commer
cial potential. For, example; A review of the literature showed 
that S. humilis occurred wiuely in Guatemala (Standley and Steyer
mark, 1946) over a broad range of climates. Subsequently, a col
1ecting mission found that thet species occurred only on strongly
alkaline soils (Burt, unpub. data) and that it closely resembled 
the small leaved form of S. humilis described above. The Guate
mnalan S. humilis is clearTy --T-ferent from the acid loving forms 
found -in Au-[a lia and any attempts made to transfer management
technology between these countries must take this difference into 
account. Taxonomnic identification of this material proved diffi
cult as authorities differed on their specific names. 

Present status of plant collections. S. humilis may be found in 
Mexibco, entra-l-America, -1o-i-a, TVenezueTa, and Br azil . Mohlen
brock (1957) initially suggested that the species was adventive to
 
Malaysia where it was known as S. sundaica; later fie changed this 
view. The S. sundaica described by Edye et al. (1975), however, 
appeared to be u-te diffferent from most forms of S. huilis. 

Collections to date have been heavily biased Towardsthe lar
ger leaved forms from Brazil and northern South Anerica. Further 
collection would be useful in searching for anthracnose disease 
resistance in this species but, in view of the advantages of S. 
hamata over S. ihumnilis, this should not be given high priority. 
Central American forms warrant further collection, particularly as 
they may have some potential for areas with alkaline soils for 
which there are presently few suitable cultivars.
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S. guianensist
 

This species was commonly referred to as S. luyanensis or S.
 
racli1. It has many common names: Schofield styl and styTo

(Australia), alfalfa do nordeste and trifolio (Brazil), alfalfa de 
Brazil (Colombia), and Brazilian lucerne and tarbardillo (Venezu
uelal. Five cultivars are presently available; Cook, Endeavour,
Graham, and Schofield are adapted to wet tropical conditions and 
Oxley is adapted to drier subtropical regions. A sixth cultivar 
for wetter subtropical areas should be available soon. 

Variation. In a recent revision of this species, 't Mannetje
(1J7y was able to distinguish 6 varieties of S. Yuianensis. Some 
varieties at lest are variable and contain forms which come from,
and are adapt,,d to, quite different climatic and geographic condi
tions (urt, Reid, and Willidms, 1976). To ease communication for 
those workirg with such species, the varlous forms have been de
finedin terms of Mleir morphological (M) and agronomic (A) char
acteristics (Hur et l., 14 1, Edye et al., 1974) and will subse
quent ly Iner' erred tG an A roup. 

K. S. q ianensis var. quianensis. This important variety
contains tr cT iivars Srhi fi,-T,- o-k-, Endeavour, and Graham. It 
is very variable and spins 5 MA groups; Schofield, the oldest cul
tivar, is ,n-r group 7 (using the notation in Edye et al., 1974),
Cook ord -(I d'idVour ire from leo'o q and Graham is fr-om group 10. 

ihu gr oups differ ir a variety of morphological and agronomic
fedtirer ; P'q. group4 5, 7, odJ , ame more viscid and tend to 

hen IattI miid 1)iav hi dry " anr j yiIds than and 14. le groups
also t t rm, fr'i ditferent climates (Burt, Reid, and Wilo ' 
li a s, 197b, but ii,)-t wor,: g,- 'gr irphical ly restricted to South
 
A erica. Group-),o,' ard 1U were 
 not, however', so restricted and 

etnir Prlme cu r ,l. of :i' ,Lribution would appear to be Central
Arimca. Ihis area has boon poorly Collected and in view of the 
potential of groups 8 and 10 provision of thein new cultivars,
 
further col lction in tAiK, reglirn is obviously warranted.
 

ii. 1, ,:-i;neis var qraci~is. Thi s variety cnOs ists of 
erect, spare'ly branched plannt, miber-s of wich have exhibited 
pmn1 n2er1.istence ,nd poor vigor ini field experiments. Two M/Agroup; have been nnminated. The first (group 11) has long, linear 
leaflets and Shi)Oth, bltue -gre eri stel, ; the specimriens examined were 
from Venezuela ard French Guiana. The second group, 13, has 
sword-shaped (eniform) ieafilets of a pale green color; specimens
examined wereifroii Sao Paulo in southern Brazil. 

Ili. gurane sis var. intermedia. Tins variety contains 
only one M7A group (6)1 Plat nabit varies from semi-erect to 
prostrate and the 'Crown' of tie plant is located very closely to 
the soil surface. Plants are highly persistent but of only medium 

SFigures 4.2 and 4.3 (see review by Tuley, 1968; Burt and Miller,
 
1975; Stonard and Bisset, 1970).
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Figure 4.2. Stylosanthes guianensis, flowers, pods, and seeds.
 

Figure 4.3. Stylosanthes guianensis.
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vigor; flowering occurs under increasing daylengths usually great
er than 12 hours. The cultivar Oxley belongs to this group.
 
Plants examined in the field were all from low temperature regions
 
in southern Brazil, Uriguay, and Paraguay with corresponding low
 
temperature regimes. Annual rainfall in these regions, although

relatively low, was well distributed with part of the wet season
 
occurring in the cooler months.
 

iv. S. uidnensis var. robusta. This variety contains two 
M/A groups, 4 and 6. Like var. intermedia both flower in day
lengths greater than 12 hours arid both were either subtropical 
(Sao Paulo, in southern Brazil) or from tropical highland areas 
(in Bolivia). The groups differ markedly inmany characteristics; 
accessions in group 4 were prostrate and highly persistent whereas 
those of group 6 were poorly persistent but quite vigorous. 

This brief resume has been used to illustrate the wide range 
of morpnological and agronomic variation found in S. quianensis 
There are strong indicat ions that the various morphlogical/agro
nomic (M/A) groups tend to cole from different geographical situa
tions and differet climates. The extent to which these groups 
are adopted to different, clhmates can be partially juaged from the 
next section which deals with the performance of the groups out
side of their regions of origin. 

Environmental ada aLion. Of the six varieties of S. guia
nensis two were not riepre0' nt,0 in the collections studied-and two 
otoer'', the varieties 0raciti nd robusta, have received scant 
attention. Although fi aI-Tst dppeare- to have little agronomic 
vale, belinj poorly peirssenL~t and low yielding, this was not the 
case for tihe more sub-tropi(al robusta (Edye et dl., 1974). 

lhe cultivars Schtofield, Cook,-ndeavour, and Grahar and Ox
ley hivu been develope, from the varieties quianensis and interme
din, pectively. These cu tivars are agronoim icaly useful in 
:l-imatu similar to those frop which they weire collected. S. ui
anensi s var. sISii, been subdivided into 5 tI-A groups arid, 
et these, grrutp was thie ust promising (Edye et al., 1976). Al
tiough ti, qrou wa; lenerally adapted to more hiutmid tropical 
areas rUrthi selection within it could he rewarding; differences 
in floo toleraince (McIvort, 1976J) and flowering tinme (Edye et 
al., 1976) could he of viluu inifitting plants more closely to 
_a11c tdit i . It in relevant to note tNat Cook arid Endeavour, 
i t r .ilp d iffrred in several important respects: Cook 
ws r.,tst.mi tO t ~ litiitr acriose strairs found ihi Australia (but 
not in Ccobia) arnd could grow well into the cooler inrnths; En
(del'voor prov ided very vigorous early Sarc',lilr (but 'ot winter) 
grOwth but waq susceptibltihe to arlthracnose, overgraz ing and flood
ig.
 

The variety interniedia (lid riot exhibit such wide variation; 
attempts ar'e currently beirg miade to produre variation by cross 
breeding it with other varieties. 

Aqricultural usage. The uses of Schofield stylo in planta
tions, crop rotations, and various pasture management systems have 

http:r.,tst.mi
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been adequately reviewed by Tuley (1968) and Skerman (1977).
 
Teitzel and Middleton (Sectioi, 1-7) have presented further infor
mation in this volume. The cultivar :ley has had less general
 
use, probably because of its rather specific Rhizobium inoculant
 
requirement, but its value iswell documented (Stonard and Bisset,
 
1970).
 

Schofield stylo has been well used illhlumid tropical areas
 
throughout the world; Skerma- (1977) quoted green yields (t/ha/ 
annum) of 20 (Brazil), 35 (Zaire), 70 (Madagascar), 42 (Fiji) and 
46 ( Zamb i a) . When dih protein ofcombitned average contets 12-18 
percent (dry weight) it v;s clear that thiis represented substan
tial nitrogen fixation. Skeriian (1977) quoted ari iicrease in soil 
nitrogen of from 34 t 55 ppm fa 1lowinij the ploughing under of an 
13 month old crop. chofield style i 1wCO directly canIrazt.d or 

be made ito hay or si tq1( . It ha,; load I,,)yihlt antial increases 
in animal product io . 

Undoubtedly Sctofiold tylo has been a plant. of r;ijor signif
icdnce in trupicl I area . The susceptibility of thi cIltivar to 
anlthranroe pos;es , majo-" pr'obleim, and the search for- a resistant 
form of S. qui aliens is, or for another species suited to such situ
ations, is o considerable importance. 

NEW SPECIES
 

These species are 'new' only in the sense that concerted at
tempts to document their value and to domesticate them have only
 
recently been made. Local pastoral ists have long appreciated the
 
value of such species as S. hamnata (see, for instance, Stehle,
 
1956) and S. scabra (Tamayo, qLuotedby Pittier, 1944, referring to
 
S. scabra by the synonym S. diarthra). 

S. hamata 

This species is found mainly in the Caribbean islands and the 
adjoining coastlines of South and Central America and Florida, 
U.S.A. It may be occasionally found in Brazil but does not appear 
to be native to that country. It has several common names which 
include "pencil flower" and "Mother Segal" in the West Indies and 
"tebeneque" in Venezuela. One cultivar, "Verano," which is adapt
ed to neutral to acid soils and to dry to semi-arid tropical con
ditions, is commercially available.
 

Variation. In an earlier work (Burt et al., 1971) two M-A
 
groups were needed to encompass the eight access ions studied.
 
These groups were more similar to other species than they were to
 
each other. It was necessary to subdivide each of these groups
 
and to add a third (Edye et al., 1974) when the size of the col
lection was increased to 1T. Since then interest in S. hamiata has
 
grown and Institutes such as CIAT (Colombia), the GoiieFrTty of
 
Florida (U.S.A.) and the Unversity of the West Indies (in conjunc
tion with IDRC) have contributed greatly to the collections of
 
this species. It is now clear that the groups of accessions are
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not discrete but rather that these groups merge and overlap to 
produce a pattern of continuous variation. 

S. hamata tends to "merge" with oLher species and has strong
affin-ties to S. scabra, S. humilis, S. calcicola, and S. subseri
cea. The geneTic relaT7iosTs oWf'h- i7sc-mplex have yet to be de
ternined hut almost certainly interspecific hybridization has oc
curred (Dtate, Hurt, and William-s, 1979). As ye" much of this work 
is unublished, and it is conenlient to use the M-A grOLp system 
to descri be the type of variation encoun tered and the adaptation 
of the material describod. 

S. hatata was arbitrarily divided into three M/A groups, the 
first two sTf-,which ( /A groups 21 and 28) were herbaceous, nonde
terminate plants; Grup 21 was multi-branchd and had small, eltlip ic leaves, whereas ?H 'aq lens densely branchi and had much 
larger., ensiform leaven. Group 24 onisisled (f a single acces
siol, in erect woody shrub which tesemble o. scabra. Recently,
additional Group 24 material a. introduced- iom-[Irzil; all are 
persistent perennials quiL diftterern from the herbaceous forms of 

a.mata. They are tatat ively liQsd a S..np. aff. hamata in 

IW ,e Ir upings w, r, e0ograph c lly r,l : Grcip 21 membeirs 
wet t, ron; i,I ' ar ibin ii , I tls ini FI or ii a, qroup 213was froatt 
cuasLal Souith Anmyriud,iand Group .!4 ;V:ILf,' inland arears in Cen
tral and South ll,_r lda. 

Adaptation
 

Group 21 aiccessions were widely teted troughoult the Austra
lian Ltropics And subtropics (Edy t a!., 1974). They performed 
very poorly, as there were no effec-elivi-hiztbium strairs for them 
at that tie ('t Mannetje, 1969). It FSiT "dry tropical), and 
Antigua (subtropical), Group 21 o.>.. alkil inearrii ions n 
stils varying fro1 (cloarse ioral beach I , W YWT 1,ly heavy 
clay. over a coil' iderahle ,limaLi r t o,. [ rr.n .1 , nO Of the 
,lore successful ,l i iac ,1-iiiA cIn ' af ' . a rWindti . i , -ir o, e
lease.
 

The cultivar Verari, frioI Group 24, maa i .V 11 Aadapted 
to a ran ,.j of tdry Lropical ct.ilcitiorts it Al ,rdlia i l in t talh] 
of gouod yields in areas con.idered to be tpit ry (semi-arid) for 
Townsville Stylo (Burt e al., 1974, Edye et 1l., 1974). UnIlike 
Towrsville stylo it has slwn some prorils1e it heavier textured 
soils but this awaits conf rmaLion. Veran; is poorly adapted to 
alkaline soils in Florida aid Ani:igua. 

Group 24 memlbers showeJ high peri stence and reasonable vigor
in early testing stages bAt have snown litt le pronise in field 
test ing.


Most of the inforiation on the physology of this species was 
limited to work ,ith the cUltivar Verano. Group 21 accessions 
were quite variable with at least one of their members Deing day
length insensitive. Brolmann (1978) noted that tihis form was mod
erately tolerant of floodiq and possibly also of frost. Verano 
appeared to be cold sens;Live. Edaphic requirements similarly 
seemed to differ, the Group 21 accessions showed phosphorus re
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sponse patterns typical of plants from calcareous soils (Jones,
 
1974) whereas accessions from other M/A groups demanded much less 
phosphorus for adequate growth. 

Agronomic usage. The only commercially available variety of 
S. hamata, Verano, was formally released in 1973. Insufficient 
time has elapsed to allow us to set climatic limits for its use. 
It is gaining ready acceptance in dry tropical situations where it 
seems to be rep'acing S. humilis as the most favored tropical leg
ume. Certainly Verano's anthracnose resistance, higher yielding 
capacity and ability to compete ,are successfully with grasses is 
advantageous. The inclusion of Verano in grazed swards has led to 
substantial increasvs in animal productior. it is gaining wide 
acceptance and more seed is produced commercially of it thn for 
any other tropical legume cultivar. 

Present status of plant col lectirns. At the present time S. 
harnata is probably our best collected species. There is good rep
resentation from mainland area, inLatin America and North m erica 
where the species is known to occur and also from several of the 
Caribbean Islands. Perhaps the biggest deficiency is the lack of 
collections f-om the wetter areas in the Caribbean, particularly 
from acid soils. Such collections would be valuable where the 
traditionally used Stylosanthes species, S. guianensis, is threat
ened by anthracnose. 

S. scabra
 

S. scabra is native to northern South America (Bolivia, Bra
zil, Colombia, Ecuador, and Venezuela). It has several common 

lines such as "Capitan Juan" and "Pata de terecay" (Venezuela). 
,. relevant literature, such as Pittier (1944), S. scabra and S. 
diarthra are synonomous (Mohlenbrock 1957). "Fitzroj-Ts-a cultT
var adapted tho drier aud cooler subtropical areas than the pre
sently available cultivar, "Seca." 

Variat. ion. The early attempts La characteriu th: M.'ition 
patterns in this species were based on a collection of 25 acces
sions of which the majority were frem southern Brazil. As with S. 
hamata, this paucity of numbers 1sulted in apparently well d
f ined groups of accessions appearring to have geographic reality. 
Subsequent collect ions have resuIltod in the merging of most of 
these groups (burt and Williams, 19/9). IH is still, however, 
convenient to use these groups for our present purpose. 

Four morphological -agronomic groups were recognized wh ich 
appeared to hav developed under different geographic and climatic 
conditions: Group 17 members were from tropical, semi-arid areas, 
Group 18 from dry tropical situations, Group 19 from wetter sub
tropical areas, ond Group 30 from tropical areas with somewhat ex
tended growing seasons. 

These groups have already been described elsewhere (Burt et 
al., 1971, Edye et al., 1974) and it should be noted that they 
differ in both agronomic and morphological characteristics. Per
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haps the main feature to be noted is that unlike S. humilis and S.
 
hamato they are all strong woody prennials.
 

Subsequent introduction programs provided accessions closely
linking groups 17, 19, ard 30 in a single continuum (Burt and Wil
ii ams, 1979). The area from which Group 18 acc-ssions were ob
tained, Pernambuco-Brazil (8°)-was not resampled, and this group 
has retained it,, identity. 

Adaptation. From the limited number of accessions tested to 
dIte-Turt et al., 19714, Edye t al., 1976) it is apparent that S. 
scabra is wei-adipted to a range of tropical and subtropical con
ditions. In tropical areas with a dry season of only 4 months, a 
member of Group I outyielded S. 3juianensis and continued to pro
duo smo growth through the dy season. In dry tropical arid 
semi-drid tropr al areas an accessinn from Group 17 has persisted 
w,1l and has had higher yields taan tHlose of Verano; it has per
urmed w&,'.Iin ar a that experience frost. A third form, repre

seutrii Group 19, ha shown promise in dry subtrupical areas. The 
Jri r~I rls thUn lend to he adapted to rlimatLi areas similar to 
ih,, I LIey N rn CK 1 Led. It seems plausio e to believe 

thati . %bLhra .,', oAm , fron wet tropical areas could be valua
r itO, r enlr f 1r's t is ni Ia raracter it. r lewh.ere; this has 

inlpa C1Linttolpli i 'ji/r lrintnr'.iriose ieJstarice connonlylcure e 

f .'qd in this ',p,. 
Eddpnic ly '>. Ld r ''ra be adapted to surfaced,,,s to sandy 

infertile ,,id 0TV .t i ,'o ually failed on alkaline soils ir 
n , ,Arnt Qlua nrml Iluri or e.cre,,ion Q shown 5-I:T, persistence on 

heavy clay 01s. 

0i1ronirni1 C L .,0M'.i)ii''ia qUnaLtit ies seed of cultiof the 
var Seca are just icon i.. available, and results from grazing on
peri , ii 'atr. hose show that Seca is useful in areas 
.Onei.ira, t)" dry nor i.auianensis; at Heathlands, in northern 
Cape York, AisNaia (K- s' OaTt gained weight for all but the 
last ,unth t tI, five 'un,ih dry season on a Seca-Brachiaria de
,.iris astt , In the a uival+nit _ nuianensis cv. Cook-Brachi

orira doculibeis iiiture ria'y jain d weight oily for the first two 
,IorItiI o he season (Winter, p cors.i dry iIm.). 

Se5a Ki ipL,' to tropical areas with variable summer grow
in 'ejie'' n tidarn ia prgc ipi tatr iu of 700 to 1700 rn. It corn
met' Well With a variety of grasses in both heavily and leniently
gn'ie/d systems. Toe litter char'acteristic is absent in S. humilis 
and isq ibly in S. hamata. It is res istart to arthracnoe. An 
acce q ion ni hiough Ie to ant hr acnose, aptr .-- tn'ui--Tsuscep tib 1 
pears to e Ltr d apted thran Seca to drier areas and to those 
"with co rler wi'trs ; is now availan le as 'ie cultivar Fitzroy.
iore r'eceui iuiroduc, 'rrs have shown a renaKable ability to grow 
in dry, extremely phosphiorus deficient areas. 

PresenL status of plant collections. Stylosanthes scabra is 
clearly a specis rf'imjor sinificancce to tropical agriculture. 
IL is pleasing to note that collectons of this species have im
proved markedly ii recent years; indeed, co t lections have been 
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made from some Brazilian states in which the occurrence of S. 
scabra is not listQ. by Mohlenbrock (195i). We do not, however, 
have accessions from some of the other states nor have we expanded 
our original collections (of two) from Pernambuco (8S), the area 
which yielded the anthracnose resistant cultivar Seca. There are 
no collections from Ecuador and Colombia and few from Bolivia. 

S. capitata
 

At the present time there are no commercially available vari
eties of this species nor can we find references to its local 
usage in areas tu which it is native. The species thrives on the 
extremely acid (pH 4.5), infertile "cerrado" soils found in South
 
America. For this reason, since 1974 various institutes, includ
ing CIAT (Colombia) and EMBRAPA (Brazil), have been particularly
 
interested in this species.
 

Variation. From the scattered information available it ap
pears that S. capitata is quite variable both morphologically and 
agronoiicalTy.-Mohenbrock (1957) noted that the specimens from 
Venezuela and northern Brazil weie more coarse than those from 
Southern Brazil and have the general vegetative appearance of S. 
scabra." Burt et al., (1971) metioned that their accessions, 
three in number, were highly persistent but of low vigor. Grof et 
al. (1979) noted the occurrence of marked agroiomic and morpholog
ical variation within the species.
 

Accessions froii southern Brazil, when grown in Colombia, 
flowered early and produced seed yields of up to 1000 kg/ha; their 
vegetative yield was low. Accessions from northern Brazil behaved 
in the reverse fashion, i.e., producing high vegetative yield and
 
low seed ;:eld.
 

Adaptation. S. capitata (Figure 4.4) has a limited discon
tinuous pattern of distribution being found only in parts of Bra
zil and Venezuela. Within these countries it is found in a wide
 
range of climatic conditions, from semi-arid tropical areas in
 
Bahia, Brazil (100 to 12S), to the almost subtropical conditions
 
of southern Mato Grosso and Minas Gerais, Brazil (200 to 22°S),

arid, in one instance, to the humid tropical coast of Pernambuco
 
(8°S) (de Lima, pers. comm.). Reference to edaphic information
 
viithin these areas (Burt, Isbell, and Williams, 1979) suggests 
that S. capitata thrives only on the very acid, (pH 4.5), infer
tile "Cerrado" soils. Such observations are consi'tent with 'he 
results obtained from nutritional and rhizobial stuuies (see Sec. 
II).
 

Agronomic usage. On soils of medium acidity (pH 5.5 to 6.5),
 
S. capitata has consistently failed to nodulate and has died. It 
ias, however, thrived on the soils of the Llanos and Cerrado areas 
where its competitive ability with associate grasses, together
with its tolerance of phosphorus deficient soils and its anthrac
nose resistance, appear to suit it to low input grazing systems. 
Grof (pers. comm.) has pointeC out that the early and late flower
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i' M
 

.. Stylosanlrhe capitata. 

id iid I thim'ves to two types of management sys-
Le, i tarly, heavy eeders could suit a system of deferred 

h,i M vdi fi t 4A vi rtua I Iy used ain ,c r ' I d be as protein 
stp ,:mmi-nt in tinm., ry , ,,rm , wherea, the late fIowering, more 
vI- q t v.- r2 Colild h,, it. i I ized in continuously stocked sys

ections. has 
"Uppm i ,frmimot in, Jfoitrj tniit S. capitato co, lections have 

tr-, It I t u of pl it col l Grof (pers. comm.) 
Ti im 

ently very irif i-antly improvd. CIl Colomlia) col lec
tions now imlcii riiotf~al fr ai of main invnny tht areas which 
tilt "pec ie i k , .,) o mir and th , -li collectionsAP razil 
aru ll'sO Ji roifl. Tnis oil now permit a i r list ic estimation of 
tilt pot.rIt i:i of Lh spf i es. Shol d this potent ial I e real ized 
then fti ir,, 1ar ie l wcit, ion wou 1J he warranted because examina
ti on of herh r iurrl ,vat . ii(i(J a tit presrlC of var i abilityor i ici 
not four,; e cal ions pers. comm.)'i uth resrirt uct (Grof, 

(Permi tt og rj-a ingi nly durinc the initial part of the rainy sea
son and thel osing the field to the animals unt i I the dry season 
beg ill . 
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S. viscosa
 

This species, together with S. scabra and S. fruticosa, at
tracted considerable interest when t was founU G persist and 
yield well indry tropical climates (Burt et al., 1974); previous
ly only the annual S. humilis could be considei-ed for such areas.
Later work (Edye et-al.7197) confirmed these results but showed
that the yield of-T.--iscosa was generally lower than that of S. 
scabra. Two other factors mitigated against further efforts To
domesticate this species, the anthracnose susceptibility of some 
accessions and several instances of unpalatability to grazing ani
miraI s. 

There are several reasons why further work on the species is 
warranted and, almst certanly, would have been carried out had 
the less problematical species (S.hamata, S. scabra, and S. capi
tata) not been available. The species iswell-adapted to a vari
ty of tropical environments (Burt et al., 1974). Lack of palata
bility to animals has not been apparent in many conditions; in
deed, unpalatability at certain times of the year may be regarded 
as a virtue (Gillard and Fisher, 1978; Teitzel and diddleton, Sec
tion 1). From the restricted anount of information available it 
appears that some forms of S. viscosa are adapted to soil condi
tions intermediary to those of S. scabra and S. capitatt (Burt,
Isbell, and Williams 1979). Whee -.- vTscosa Was--een tested in
such situations it has outyielded S. scabra. We have examined 
only a small fraction of the variation-oresent in l'is species.
In nature S. viscosa can be found over a greater ,'arye of climat
ic types than any other Stylosanthes species (from humid tropical 
areas with precipitation greater than 2000 mm to tropical arid 
areas with less than 300 mm annual rainfall). Geographically it
has a spectacular distributional range extending from Texas and 
northwest Mexico to southern Brazil and Paraguay. Our present
collections, mainly from Brazil, are quite inadequate.
 

S. fruticosa
 

A rull account of S. fruticosa has been presented by Skerman 
(1970). In the literature this species has been called S. mucro
nata, S. bojeri, and S. flavicans. It is an African/Indian spe
cies QhTy regarded as sTock feed in Africa where it has several
 
cormon names which, when translated, mean "rat-feed" and "sheep
feed."
 

S. fruticosa is a variable species in which, as in S. scabra,
plant type can be relateJ to the geographical zones and cimtic
 
conditions from which the plants were collected (Edye et al.,

1974; Burt, Reid, and Williams, 1976). Agronomically it is sini
lar to S. scabra, being a woody shrub which yields and perennates

well over a range of tropical environments. Little attention has

been paid to this species in more recent years because it is sus
ceptible to anthracnose and it outcrosses readily with itself and
 
other species (Verdcourt, 1970), rapidly producing a mixture of 
off-types.
 

S. fruticosa thrives in areas too cold or too dry for species
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such as S. hainata and where anthracnose is not a problem in such
 
situations. It is resistent to both under- and overgrazing and to
 
fire. Like S. viscosa further attempts to domesticate this spe
cies would ha-vc een orthcoming had not S. scabra and S. hamata
 
been less problematical.
 

In view of its outcrossing habit and the wide range of mater
ial available to us further collections of this species do not
 
warrant a high priority at tile present time. The exception would
 
be the material fron India where the sole accession ismorphologi
cally quite distinct from the African material but has yet to be
 
incorporated in evaluation work.
 

SPECIES OF LIMITED VALUE
 

Because of the tremendous range of naturally occurring varia
tion available to us it is tempting, and in many instances neces
sary, to shelve species which are not of immediate practical use; 
S. viscosa and S. fruticosa are cases in point. The species con
sidered here are perhaps even more problematical and are receiving 
scant .ttention at the present time. 

S. subsericea is an annual or short-lived perennial which is 
si1ilr in many regards to S. hamiata. It is a poorly collected 
species, native to Central Anerica. After exciting considerable 
interist because of its high yielding characteristics and ability 
to grow in cooler tropical areas (Burt, Reid, and Williams, 1976) 
it proved to be very susceptib le to 3nthracnose. It has been 
shelved' in favor of S. hodita. 

S. erecta is a relatively vinoro.., highly persistent species 
native to the inure humid Lropical zones (ifAfr i c a. It received 
some attention in that area (Whyte et al., 1953) but failed to at
tract. attention in Australia because the humid tropical zones were 
(before the outbreak of inthracnose) well serviced by S. guianen 
sis. M1so, I mited resMrces and lack of sced (the accessions 
availaule flowered lati) resulted in its exclusion from the "new 
pecii es prouram". 

S. montevidensis and S. iLustiiolia were also excluded from
tnis program: _novn b a s Of its poor vigor and 

sparsely branching, stemmimy growth, arid S. angustifolia because of 
its poor persistence and moderate yield7Edye et al., 1974). 

SPECIES LITTLE TESTED 

We have seen how poorly known species, sometimes of very ln
ited distribution, can rapidly assume major importance; S. capita
ta, agronomically unknown in 1974, can be useful for art-iLuar 
soil conditions, such as prevail over an area of about 2 million 
kin 2 inSouth Anerica. Therefore, we musL gather what fragmentary
evidence is available to indicate, albeit not very authoritative
ly, which species might be of significance inthe future. 

There are some fourteen specias to consider, and we shall il
lustrate the procedure adopted, and the problems encountered, by
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reference to the species S. sympodialis. Ther.after we will
 
briefly summarize our conclusions about the remaining species.


The potential value of S. sympodialis first became apparent
 
to us after a series of plant geographical studies designed 
to
 
select areas for future collecting missions (Burt and Reid, 1976).

After nominating 
the types of climate most likely to contain pas
ture legumes suitable for use in dry tropical conditions, it was 
apparent that parts of coastal Ecuador and Peru and the Galapagos
Islands could be of interest. A review of the literature revealed
 
that at least one of these areas, Ecuador, also contained the 
types of soil (heavy clays) for which tropical pasture legumes are 
notably unavailable. From the scanty information available it ap
peared that S. sympodialis could found tire area inbe in which 
these clay soils were located. A further literature review was 
undertaken, this time to ascertain whether the general form of tha
plant might suit it to tire pastoral situation. If so then the
collection should warranted. picture to energe,be The however, 
was far from clear. Wiggins and Porter (1971) state that "Accord
ing to Mohlenbrock (1957), the collections of St yosanthes from
tire Galapagos Islands, are all referable to S. synipodialITs. In
previous treatwnts such material was cited as-S. scara Vo,
 
known only "rom the md2, "',. 
 , oecially Brazil. S. psammophila, 
a variait with longer is known on theleufilets, also rrainland7T1n 
Ecuador and Peru." Subsequent revie,,s have shown that the species

mentioned are associated with different soil types, S. symnpodialis
with clays, S. psammophila with sandy soils, and S_. _s~np-odialis
(of the Galapagos Islaids with tufaceous, coarse textured so1s.
They also seemed to differ in plant habit, perenniality and vari
ous other features of agronomic interest. It is difficult to al
locate priorities for collection on the basis of such information. 

Of the remaining species, six are tropical. S. calcicola
resembles some forms of S. hamata and, like these, -is found on 
alkaline soi Is, somneimen; in subtropical areas. S. tuberculata is 
similar to S. scabra taxonomnical ly in general habit and in the 
types of environiment in which it is found. Mohlenbrock (1957)
give, it a wide distributional range and its non-occurrence in our 
collections is surprising. Little is known of S. macrocarpa or S.
fiuer'oa,, both of which have a very limited d1tr pao-ut-ion-l 
tern the former near Oaxaca, Mcxico and th,, latter near Cali,
Co 1ourb i a) . S. cayenensis (fromir areas Guiana) and S.wet, inFrench 
nervosa (found infrequenCly in Argentina, Po!ivia, Peru, andi Vene
ueladare virtually unknown to us. 

Tire remainiing species are subtropic;ti or, in the case of S.
biflora, subtropical temperate. atter species isto '5 quiTe
varTle and is found exclusiv(1, in the U.S.A. 

S. braceata is a perennia' species w ich, in general appearance, is somewhat similar to S. capitata. It is, however, found 
in mior 2 - southerly, temperate l iti udmsthan tilelatter species and 
could be valuable in subtropical areas. S. mexicana is a variable 
species, some menmoers of which go- :-ally- res-e--TS. subsericea 
and other which are strong perennials ike S. sericeiceps, noted 
by Mohlenbrock (1957) to resemble S. s'c,':'.-dalis, they could be of 
agronomic interest. S. leiocarpa is r.,istent but low yielding 
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(Edye et al., 1974). S. hippocampoides and S.macrosoma are simi
lar to each other and to S. montevidensis and some forms of S. 
guianensis.
 

everal of these species could be of interest to us because
 
they resemble species of known value or because they are found on 
problem soils or in stringent climate,. Others, particularly
those which are rare or" have only been found in restricted geo
graphic areas, merit attention to insure that they are not lost. 
Obviously, further collection iswarranted. 

PESTS AND DISEASES
 

Until very recently Stylosanthev has been noted for" its rela
tive freedom from pests and diseases; such problems as did occur 
were sporadic and of limittj distribution (Skerman, 1977). Re
cently, nowever, stein boring insects have attacked some of the 
woodier species (Anon., 1973) in South finerica and 3ntliracnose1
disease has posed a 'eeral threat. 

Anthracnose of Stylosanthe, wa. first recorded in Braiil in 
1937 (Anon., 1937) and sev,,, damae in Schofield stylo in Bolivia 
was reported in 1965 (Anon. 1973). Since then, anthracrose on 
Stylosanthes has been found in Central and South Anerica (Duron, 
TT9 ;Arno n. , 1973); Northern Austral ia in 1969 (B. Grof, pers. 
comn.) and in 1973 (Pont and Irwin, 1976); Florida in 1971 GSonoda 
et al., 1976); md recently in Ihailand (Lenne and Sonoda, 1978a). 

With ircreasel plantings of Stylosanthes, anthracnose has be
come a widespread and damaging disease, affecting all species cur
rently under evaluation (Lenne and Sonoda, 1978a and 1973b). It 
cau.s considerable damage in Central ard South America (Anon., 
1Y73, 197b, 1978; Haldion et al . , 1975); causes severe losses of 
seed and pasture in some regions of Northern Australia (Pont and 

" Irwin, 1976; O'Brien an Pont, 1977); and losses of over 50 per
cent dry matter in Florida (Lenne and Sonoda, 1979a). 

Causal Fun i 

Two pathogenic anthracnose fungi, Colletotrichum gloeospori
oides and C. dematium f. truncata, have been identified. C. goe
osporioide-s identified in Bolivia in 1965 (B. Grof, pers. 
convii-.aniI in Florida (Sonoda et al., 1974) in 1971; in 1977 both 
pathrogens were found in Stylosanttes seed from Australia and in 
anthracnosed plants from Florida, U.S.A. (Lenne and Sonoda, 
1978a). Lenne and Sonoda (1978a, b, and 1979b) proved the patho
genicity of Australian aid Florida isolates of C. dematium f. 
truncata in Florida. 

Both anthrainose fungi produce fruiting bodies called acer
vul i in which masses of one-celled, hyal ine spores develop, espe
cially under moit conditions. Cultural and morphological charac
ters, however, readily separate the two fungi (Lerne and Sonoda, 
1978a): C. dematium f. sp truncata produces cream-colored spore
 
masses whereas C.IToeosporio-des produces orange masses; morpho
logically, the curved, sickle-shaped spores and long, dark, taper
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ed setae of C. dematium f. sp. truncatd are readily distinguished

from the straight, cylindrical spores and short, slightly tapered
 
setae of C. gloeosporioides.
 

Symptoms 

On a given plant, the disease syptoms caused by both an
thracnose fungi are identical (Lenne and Sonoda, 1978a) but they
 
vary with Stylosanthes species and environmental conditions (Lenne
 
and Sonoda, 19/9b).
 

During warm and hot, humid conditions, elliptical to rounded 
lesions 0.5 to 5 mm in size with pale centers and dark margins de
velop on leaves, petioles, flowers, and sterns. Uri very suscepti
ble lines, these spots coalesce; leaves turn yellow and fall and 
cankers form on various parts of the plant causing leaf, flower 
and seed loss, stem girdling, and plant death (Sonoda, 1974; 
O'Brien and Pont, 1977; Irwin and Cameron, 1978; Lenne and Sonoda, 
1978a and 1979b). 

On S. uianensis and its varieties, elliptical to irregular
ly-shape-a dark brown lesions of variable size develop on leaves, 
petioles, flowers, and steins. As these enlarge and coalesce, 
leaves become distorted, chlorotic, and shrivelled; leaves,
flowers, and seeds drop, steins blacken and the plant dies (Lenne 
and Sonoda, 1979b).
 

Most lines of S. bracteata and S. capitata in Colombia are 
only slightly affected by anttiracnose,-whlmc appears as dark spots 
or irregularly shaped superficial lesions, rarely causing leaf 
loss (].M. Lenne, unpublished data). 

As the weather cools, lesion margirs broaden and coalesce and 
notable stem blackening occurs on surfaces exposed to the sun; 
spots arid lesions blucken on S. scabra and S. quianensis (Lenne 
and Sonoda, 1979h). 

Seed-Borne Infection
 

C. gloeosprioides and C. dematium f. truncata have been iso
lated-from Stylosanthes see&- hFrvested in TustraTia, Florida and 
South Inerica (Ell1 is et al., 1976; Lenne, 1977; Lenne and Sonoda,
1978a; J.M. Lenne, unpu-blTshed data). Seed-borne anthracnose u, 
gi are important because they can be widely and rapidly transnit
ted froim one part of the world to another. Rapid spread of an
thracnose throughout Northern Queenisland, Australia (Irwin and 
Cameron, 1973) and introduction of anthracnose into Florida from 
South /Nnerica (R.I. Sonoda, pers. comin.) have been attributed to 
seed-borne infection. Infection of Stylosanthes seed with an
thracnose fungi considerably reduces germination and seedling de
velopmnen. (Lenne and Sonoda, 1979c); affecting the establishment 
and persistence of stylo pastutes by reducing seedling nunher and 
vigor.
 

Pathogen Specialization
 

Several strains of C. gloeosporioides (pathogenic specializa
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tion) have been found in South Anerica (Baldion et al., 1975),

Australia (Irwin and Cameron, 1978), Lenne,
and Florida (,.l'1. un
published data). In addition, sexual reproduction further in
creases the potential for production of new strains that may in
fect presently resistant stylos (Lenne and Sonoda, 1979b).


Pathogenic specialization between sources of Colletotrichum
 
spp. from Australia and Florida has been noted (Lenne and Sonoda,
 
1978b and 1979b), heightening the possibility of introducinq dif
ferent strains from one country to another.
 

Control
 

The selection or breeding of pasture plants for disease re
sistance or tolerance is tile most economical means for control. 
Pathogenic specialization and sexual reproduction within anthrac
nose fungi may iiake breedinj for resistance difficult.. Selection 
for resistance, preferably during field evaluation, is a better 
approach.
 

Promising Stylosanthes accessions should be evaluated under 
conditions representative of the most important pasture regions.
Plants should ne exposed to all strains of anthracnose fungi and 
resistant or tolerant accessions selected. Selection for, resis
tance by field evaluation is particularly suited to South Ainerica 
where tile existence of large numbers of ind igenous anthracnose 
fungi (Anon. , 19 d) ,iakes systemat ic 'lasshouse screening unfeasi
ble. Resistance of S. capitata dccessions to anthracnose in Co
lombia was largely determined from field evaluation (Grof et al., 
1979).


Al though res istance is most desirable, other control measures 
should be considered. High grazing pressures could reduce inocu
lur leves and produce i microclimate less suitable for anthrac
nose fungi, thus reducing disease. Burning could be used co con
trol arthracnose if stylos can tolerate periodic burning. In 
Canada, fung~il diseases of !ucerne (Medicago sativa) were success
fully controlled by bur ring IDickson,-95-

'Use of fungicides to control pasture diseases is general ly 
not feasible due to the large areas involved. For seed produc-
Lion, huwev.r, ,-ingicides may be economically used in producing 
high yields of high juality seed. Benlate (beniomyl) was most suc
cessful in reducinq seed infection by anthiracnose fungi in Florida 
(J.M. Lenne, unpubliihed data). 

PLANT UAtPROVEMENF PROGRAMS 

At 
present, introduction programs are providing a wide range

of adapted cultivars. As the best agronomic types are identified,
 
future collection should be directed to the areas which have fur
nished such material. Only after intensive evaluation of the col
lected material will it be possible to assess the need for general
 
improvement through plant breeding.
 

There is, however, considerable scope for genetic studies to
 
develop a sound framework for future plant breeding. Species nay
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be diploid (2n = 20), tetraploid (2r = 40) or hexaploid (2n = 60)
(Cameron, 1967) and, within S. hamata, both diploid and tetraploid 
forms were present (Date eta., T979). In the diploid species
chromosome size varied from S. humilis (small), through S. hamata
 
(medium) to S. guianensis (ldrge) Cameron, 1967). These differ
ences in chromosome size were clearly seen in interspecific hy
brids between S. humilis and S. guianensis and between S. humilis
 
and diploid S. hamata Camero-n, -- 7 treatient o
.968 olchicine
 
these sterile-hy rs-produced partly rertile tetraploids but much
 
more res2irch is needed to restore seed set to a satisfactory lev
el. The potential for interspecific hybridization at the tetra
ploid level is also being explored in crosses between the Verano 
cultivar of S. hamata and three contrasting forms of S. scabra 
(Cameron, unilrblTshed). Although F1 hybrids have low f-ertl-ty,
there is substantial fertility improvenent in the F2. As antici
pated, there is a very diverse range of plant types in the F2, 
offering considerable scope for selection. These prel iminary in
terspecific studies are now being extended by Stace (pers. comm.)
and it is hoped that these will help to relate genetic differenti
ation to the climatic, edaphic, and hiotic adaptation of tile spe
cies concerned. Intraspecific crosses anong the diverse forms of 
S. Juianensis are also being maade. High levels of infertility in
dicate major genetic differentiation between them (Cameron, 1977). 

Improvement of S. guianensis for the Subtropics
 

In most of tile productive Stylosanthes species a large number 
of variable introductions has been collected, and new ecotypes can 
be expected from future plant exploration. The fine-stem stylo
form of S. juianensis however, has a fairly restricted distribu
tion in subtr-opicTTi'eas of South Avnerican and several plant col
lecting missions have not located any ecotypes superior to the Ox
ley cultivar. Fine-stem style is unique annong Stylosanthes spe
cies for its survival through the freezing witer temperatures 
(-6' to -8"C) of the Queensland, Australia subtropics, but its re
quirements for specific nodule-forming bacteria (Date and Norris, 
1979) and its low yield limits its util ization. The fEasibility
of transferring desirable nodulation and yield characters from 
tropical forms of S. guianensis to fine-stem stylo is being inves
tigated (Cameron, 1977)T ous F hybrids were produced from1 
some crosses but pollen fertility was low and seed set was very 
poor. With this low fertility, selection pressure for tihe desired 
characters has been low but some of the F.6lines now appear to 
combine the good winter survival of the fine-stem stylo parents
with tire nodulation characteristics and high yield of the tropical 
forms. Seed set has improved steadily from the F2 generation and 
should be adequate for most lines following seed multiplication in
 
the F7 and Fp generation.
 

7An alkaloid produced by tie autumn-crocus (Colchicum spp. f. Lil
iaceae) which is used to produce chromosome doubling in plant el
 
nuclei.
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Breeding for Resistance to Pests and Diseases
 

Anthracnose disease ef Stylosanthes inrited by the fungus Col
letotrichum gloeosporioides has caused serious damage in Flori-da 
-(onoda, 074), So-cith Arca (Baldion et al., 1975), and Australia 
(Pont and Irwin, 1976). The Australia-coiftivars of S. uianeis 
have been devastated inColombia, and lines with much better resis
tance were found during an extensive program of plant collections 
and disease screening (Anon., 1975). Irwin arid Cameron (1978)
found two different types of anthracnose on Stylosanthes in nor
thern Austral ia and subsequently Type 13has devastated stands of 
tle Schofield and Endeavour cultivars of S. _uianensis on the wet 
tropical coast. At present, cv. Cook isfKirly resistant to Type B
 
but is severely damaged by the Colombian isolate of anthracnose 
(13aldion et al., 1975). Research on the disease is contiruing and 
anthracn.ase resistance has now been included as a major objective 
in the fine-stem stylo breed iol program. 

In Coloiibia a stemhrer (Caloptilia sp. B. Grof, pers. comm.)
has bdly danaged species with thicker woody stems, arid the CIAT 
selection programs aim to identify genotypes with resistance to 
bot stemburer and a+nthracrnose. S. capitata is outstandirg in this 
regard ad is also very well adapted to the acid soils which occur 
over vis, areas of the South iUrerican continent (Grof et al., 
1979). A highly variable collection of ecotypes has been assemFbTed 
an" could flor the hasis for a breeding program once clear objec
tives have been detfined. 

Conctlus ions 

With its ,vid adaptat ion to trupichl arid subtropical regions 
and its tUolerdnr,, of infertile soils, the Stylosanthes genus has 
trumeidous potential for improve:inL of yrazing lands. The imajor 
task'" of collction ind v luat ion of geriiplasill is wel 1 under way
in Amralia iadColombia. A Wid ang of new Cltivars will be 
devoluipd by dire s,. lectLinn inong introduct ions and will ful lfill 
(!10,t cf th( it., , -cit.i f-or pl ant iiiproveiienit. Progress 
in " erad inq program withn fine- tni stylo suggests that breeding 
may h i oli to pliy in pt Iit it oat. ions where existing geno-
Lyp,, ire ipr .dur iv, an'd pourly adapted. The advent of anthrac
i1)% disrw id Vytirr indic , tt, that screening for pests andndi se,; will ercewu' a intelrdl part of the plant improvement pro
gram. i tl w'tr .1i, eitoiay enrme necessary inithe future. 

THE ECOLOGY OI iTYLOSANIFHES-BASE[) PASFURE. 

For a errsiderable period our thoughts about the ecology of 
Stylosanthes-, ided pastures were strongly influenced by concepts 
from more temperate latitudes. This is not surprising: S. humil
is, at one Lime hailed as the "subterranean clover of the Trop-cs"
is quite siiilar ecologically arid agronomically to that species.
The domestication of perennial species adapted to the same climates 
as S. humilis raises numerous ecological questions which merit some 
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mention.
 
From the limited, scattered evidence available to us we sus

pect (but cannot prove) that pastures based on annuals will have
 
quite different agronomic and ecological characteristics from
 
those based on perennials. In rature the annual/short-lived spe
cies (S.hamata and S. humilis) are found inhighly disturbed sit
uation: t--tey -coTonizing' species We have seen
are o- weeds. 

that S. humilis only achieves dominance in similar pastoral situa
tions, i.e. when it is heavily grazed. Another 'weedy' pastoral
 
characteristic, a 'relatively' high mineral requirement (Grof et
 
al., 1979), is again noticeable in the pasture situation; phos
phorus isnecessary to insure high yieids. There are both advan
tages and disadvantages of pastures which essentially ccnstitute a
 
colonizing stage. On the positive side we have a 'res'lient' sys
tem which allows the cattle manager to over- or undergraze for 
short periods without doing permanent damage. On the negative
side we need to fertilize and could have erosion problems in the 
dry season (most of the pasture species being annuals which are 
then dead).

Although we know extremely little about the perenn*als it
 
would seem that they have different advantages and disadvantages.

The more shrubby perennials, in particular, stay green in the dry
 
season and once established are not susceptible to shading by tall
 
grasses, but they are slow to establ ish and can 1e kil led by over
grazing. It appears that they are adapted to situations with less
 
grazing pressure than S. humilis. Certainly, in the area from
 
which sich perennials were collected, ths seems to be the case.
 

Several pieces of evidence suggest that our knowledge of such
 
species is so limited that we cannoL scsibly contemplate their 
value. Although we now know that S. scabra can thrive oA soils so 
infertile that fertilizer application was previously considered 
essential, we know nothing about the nutritional value of these 
plants. In preliminary studies, Playne (pers. comm.) found evi
dence suggesting that the phosphorus in similar plants was largely
unavailable to the grazing anim.;l. This could be desirable be
cause the plants could provide nitrogen to the system without de
pleting the slender store of soil phosphorus. But itcould be un
desirable ifthe animal relies on phosphorus from the plant. Pre
1iminary discussions suggest this could be overcome by management 
strategies, but this is far from proven. Ecologically such 'low 
phosphate' perennials seem desirable--certainly their presence has 
promoted the growth of more desirable grass species and invasion 
by broad lea ?d weeds has not occurred. The final outcome of such 
ecological change is uncertain--we have not yet investigated whe
ther biologically fixed nitrogen can be added to such infertile 
soils without adding phosphorus at the same time. 

Until we have a better basic understanding of such ecosy,
tens, with the grazing animal included as part of the system, it 
will be difficult to appreciate or utilize the variation to be 
found inplant collections. 
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CONCLUSIONS
 

1. Stylosanthes is a genus of major economic significance in the
 
tropics. The potential of the genus is, however, far from ex
hausted; it is still relatively easy to domesticate 'new' species
 
and much useful variation can be found in species of established
 
value.
 

2. If the potential of this genus is to be exploited, better col
lections or 'gene banks' are necessary At the present time many
 
areas and species have been disregarded; conservation has not been
 
considered.
 

3. Our knowledge of these species is primarily limited to thc:e, 
introductions of proven agricultural value. 

4. There is an urgywt need t.oprovide more meaningful descrip
tions oi the plants invoIved, either through taxonomic methods or 
by other means, so that information can he easily exchanged. 

5. There is also a need to more clearly defile tile niches for 
which improved forage legumes are required so that both exist rg 
and future collections can be rapidly evaluated. These defini
tions should be in terms of topography, soil texture and pH1, rain
fal I and te perature characteristics, and present and potent!iA 
land use systems. 
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5 
Rhizobium Germplasm Resources 
for Centrosema, Desmodium, 
and Stylosanthes 
R. A. Date 

The majority of isolates of Rhizobium for the genera Centro
sema, Desmodium, and Stylosanthes is held in four collections: 
PY nheOivision of Tropical Crops and Pastures, CSIRO, Brisbane, 
.0. ~alia; 2) The Tropical Pastures Program, CIAT, Cali, Colombia; 

i)!)iological Nitrogen Fixation Program, EMBRAPA, Seropedica, Bra
il; 4 Niftail Univrsity of Hawaii, Paia, Hawaii, U.S.A. Iso-
I1t,, frori ty osanthes umber approxinately 2,000 with a further 

ihc i,, Cfrtroseia ard Desmoditurn. 
:110;latinm on svhi ot ic perfornarice (effectiven'ess on a 
rl,,I , e ',ions) i 1imitid to very few cultures. For exam
in,tie C IRO ccl1,(t ion les tian 40 strains for Stylosanthes 

i.,,-, , I in ,ail. Despite the relatively large number 
1,0I i ,, tiw I 'iae ottf rhizobial gnrmplasn is limited. For in

', of the iv]-toe- for Sylosanthes originate from S. 
,n., * I t . . ilLIIIis, an(] S. scabra. There are very 

"Ot ~ caIc ic Ta, S. capitata, S.)I~ ~ 'Pn i1" s c 

i iittrp v d.nr is, p Tdis, ant! S. viscosa
, ,. rd,- 1iya even 

ith,JtV i s,,i[,,t l the,,, , ol, 1 ee of agronomic interest. If in
d tof,. !ner, i-,. n (, to ;ii, the rhizobia to the edaphic condi
triun L,,t ) ti t. then deficiency suitable-, U, i , the in 
st ai f ti t.V' t to1"tiay prevent tiheir agronomic exploils ) 

t ition. . lp, and come veryI .x S. capitata S. viscosa from 
a(cid oil Cond itil , whoreis S. syriipodial-i is from heavy clay 
alkaliine 1ciIs. It, is also wortCh noting that existing collections 
iav cmii primarily trom t lt a, Brasil and Venezuella and to a 
1es ser ext en , the iri hb, an, Cost a Ri ca, Mex i co, and. Panama. 
isolats from Air ica ad ,sia art, rare even though strains such as 
Cj375t3, which ic fn liv til many S. fruticosa, S. quianensis, S. 
humilis, S. scabra, and S. viscosa lines, does originate from a 
col loot.ion in East ArIica. 

To a large extent.. isolat',s in the above collections are from 
areas which are accessible or have active research institutes and 
not from areas stipulated by a deliberate collecting program. 

Isolates of Rhizobium for Centrosema and Desmodiur are even 
more limited than for Stylosanthes. Most are from C. pubescens 
and D. intortum, although the CIAT and CSIRO collections now cover 
a small range of isolates for C. plumieri, C. virginianum, D. ad
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scendens, D. canum, D. distortum, D. heterocarpum, D. heterophyl
lum, and D- uncinatu. The species and geographic representation
for these two genera is very poor but follows the same distribu
tion as that for Stxlosanthes. Clearly, our collections of tested 
and proven rhizobial strains do not match the corresponding plant 
resource material. This deficiency isso extensive that there are 
many otherwise agronomically desirable plants for which the Rhizo
bium requirements are either unknown or cannot be satisfied by
xTFtinq strains. There is a need to collect the appropriate rhi

zobia from the areas which have yielded such plant material. It 
is also imperative that this situation should be avoided in the 
future. Although the simultaneous collection of nodules and plant
material is not always easy (since the optimum time for the col
lection of nodules does not always correspond with that for seed 
collection) plant collecting missions should attempt to do so. 
Details for the collection of nodules for tire isolation of rhizo
bia and of the recording of site information have been described 
by Date and Hal liday, (1979). 

REFI-RHNCF-


Date, R.A. and ilalliday, J. 1979. Collection of strains of Rhi
zobium. In "Handbook for the CoI lect ion, Preservation and 
EvT-Lation of Tropical Forage, Germplasm Resources" (ed.)
G.O. Aott. Workshop CIAT, Colombia, April 1978. Chapter V.
 
pp. 21-26.
 



General Conclusions 

Each of these three reviews was prepared independently of the 
other; each involved two or iore authors with different scientific 
interests and training, it. is quite remarkable to find, there
fore, that the stories they present, and the conclusions reached 

,ind sugg,"Wtions made ire muich in accord. Clearly, these merit 
attent ion when research pr iorities of the future are to be consid-

In P3h of the genea' the qenerl tory was the same. Early, 
attyred inrLroJuctin, were tMted and found to he agronomical ly 

UW . Then- were made comercially available and subsequently 
dinkribuitd anm used tioaojhout much of the tropical world. Vir
t v III oti the dot iW i nlormatiln ava lahle to us concerns 

'p"('i , hut ,V !1l r'I., t'here i, mIissing informat inn. 
ihc *I , "hose cl revealed 1imitationsT,. tiv ir 

tI''! , 1, ' r si:iply not adlapted to areas 
fo r nV e ' t 1.+i Furt her intredot iun pro qait;i' . red . 

;'I ll'oI jonoI'ra i { n - ''! ' le 0 l t y e ither wi th in the spo-
S , i ,( ' rtli, ra dITt-';' int : ," :[)!,I - i I "':. The 

, 

ijt hor conclude that 
pli l .nI , !, h--. i t.J, 1i ited ill the pa ; there is a 
w, , ,n f ,'I 1, . , ; -- 1 v r Qi 1 tim n. ich in ikely 3 ie ex-
t.remI y I In t OT thii I wi, Ithe authors te! reVe that 
pl ant 0 . d in:, .r-nti. , W Atud ies srns.-ih lyno 1,iko.,q-,ic cannot be 

carrt Wq Wt , n, tp oi I r.- . ict -d t le, ut i1 representative 
nd 'le.ktinn' a -,: l aitin !-,. 

thn+A W pr'ela t i id-, !tt t tl taxornomic treat
lilt'n Q n o , , , oti p]ll , ollictini , introduc-
I io) i i ''''111': rI r 3tr'.I er siderableri,' O Iht is(. confusion 
lt t i, 'WIc!,' , I i, ividual speci,, may, he so "Wide" that they 
ontai ll , 1,'I y . Ti 110' Iit lOllitOi probloms 

empt 1rto toP<-nq result,oritOipt as 
is 'i t.ri i po ';itOle to sorls ibly use dat.. froli other sources. 

line autiLor ntll s i3t trh value oif testinq data would he great
ly enhanced if climaLic, soil, ard rut rition data were L;hbli shed 
with the plant, information; this will be discussed in the next 
sect ion.
 

wh'en .tt lrro rr 1aionand, a 

Taxonomy is, however, only one of the disciplines which we 
consider to be important ; imch more needs to be done in other 
fields such as microbiology and plant nutrition. 
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Section III 
Special Considerations in Utilizing
Tropical Legumes in Pastures 

/V 



1 
Comparative Edaphic Requirements 
P. J. Robinson 

The development of sown pastures in the tropics is a rela
tively recent phenomenon; even the most likely source of the leg
umes to be used was in doubt until recently, (W. Davies, 1933; 
J.G. Davies, 1965) and attumpts were often made to use the iure 
familiar temperate species. These performed poorly and it was 
recognized that the infertile, often acid soils of the tropics may 
have been at leat parrtially responsible. Soil ameliorative tech
niiiueq, addition of lime to correct the acidity and superphosphate 
t.o prov ide n 1eti pro v to he expensive and often transitory. 

Introdrined tropical legurmes often survived, however, and pio
neering work, hopI J t explain why. Andrew and Norris (1961) 
showed that I dny trop ical legumes prefer acid conditions and 
thrive on relatively low soil mineral levels. Norris (1958, 1965) 
demonstrated that the Niz obi associated with sch plants also 
prefer acid soils and form effective plant/rhizobial associations 
under infertile coinditions. 

Tropical soils, of course, vary greatly in their fertility 
levels. It soon became apparent that different fertility levels 
demanded different legumes; Stylosanthes became accepted as the 
genus for low fertility and genera such as Centrosema, Desmodium, 
and Macroptilium for somewhat higher levels (see Sections 1-7, 
11-2, A-3, and 11-4). A plethora of field and pot experiments 
would seem to support these conclusions. Most, however, have been 
carried out on a few common cultivars and their applicability to 
generic differences might be questioned. 

To explore these nutrient requirements further and to aid in 
the production of mineral requirements under field conditions, 
Andrew arid co-workers (see review by Andrew and Jones, 1978; 
Smith, 1978), have studied a variety of tropical legumes in some 
detail. The concept of the "critical value" was developed: 
plants are grown under different levels of a given nutrient, and 
their yields recorded at a given age; yield is then plotted 
against the concentration of the nutrient in the plant, and that 
concentration which allows 90 percent of maximum growth is deemed 
to be the "critical value". The results obtained corresponded 
reasonably well with field conditions; S. humilis had a critical 
value, for P, of 0.17 percent, whereas -The species for more fer
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tile situations (Centrosema pubescens, Desmodium intortum, andMacroptilium atropurpureum) had( equivalent values o-T--G-T 0,-
0.21,

and 0.24 percent, respectively.


Appl ication of this method as a diagnostic tool in perennial
pasture systems is, however, somewhat limited. Critical valueschange with age and are dependent uponi the part of the plant sam
pled. Probab ly th i ; is a result of the different translocationrates of differet. rtatrients or different plhy;iological rates for
the same nutrient int different. (tiera. There is also a problem insensibly fitting tile curves relat. tug plant weight and nutrient 
concentrat itn within the pl atl (dmith, 197:). Ili one publishedexample tht ,soilcrili al ' valt,- varied beteen 3 and 8 [pill de
pendirlg upOH the t.:thbud used 

Ihe ability of plants to tolerate, or thrive ill, soi Is of lowfoert ility has becomle ()I itctr~ig interest as fertilizer costshave escalated. Te actual mecnhaisw involved in the differen
t i aI tolerance of plants ire, however, di f i ciU 1t to isolate and
few relevant stud ies have heen carried oat.. The genreral bel iefthat Stylosanthes can surv i ve in si tut its owh icI other genera
cannot to er-ate seems to stem f ron field observ at iois and is substant i ated w i ith ev idence from onl y one detail ed stutdy. In this,Andrew (1966) found that albsorptiot at phosphorus by root seyiments
of S. humi lis (Iownsv inIe styo) greatly exceednd that of ledicaOsat~va luce-rtu or alfalfa), acroptiliui lathyroides--(-#isey 
FTan) , Desinod ium utc it u (Si ve-ea- destiuJi, ard bar'ley (seeFigure 1.17 Bin saml autoi, however, points out the difficul
ties inher'itt in extrapolatinig oich results to whole plants or tofield sit itto , (Amtrew and Jories, 19/8). Indeed, it is difficult tu ven di t tile *ti" it i imtearit by a "phosphorus efficient" 
spec ies id i,'I ro ,midmeta (1973) felt, it. necessary to coils iderfour cr it : i I thr ii Ii ty to produce tot) dry we iqht with agiven amint. oftitopl et P, (12) top dry matter produced per unit ofP taken tip, ( tip dry 'ratter produced at a cons tant pl ant P lev
el aria (1) 'tplt tut)'-s per unit
r opt1ko rool weight. They founid
that. ire t)rder o f t f if-i,tri -y ot the Lthree species. varied accord
ing t,) th, d,!i iniit ion used ttid in so'im inst ar,es to the Lime ofharvest.
 

ihe 1itt, ':su1: I-rt . e ii lietid 
 i oill iiellt ant isoil cIA1ture
Ur1ie - C rIL t- l1 d I " d ,iit) Il the fitl tI si til i,t1re t-aion even1iotre co p Ie tnd soc I t i tort s as differences il rc lt distr init ion e tweel spel _ i ileed to htf Cols idered . Perdo,_Il hia31 i L postels add i-
tional bohb Iots as atdti wit differen!t. ial tratslI-icat,ior to the
reti s. The suc ess of a r'er i,i l. uirl itn iitfeort ihe cont it ions

iS hius ( rI;NdtOilt upo a afl] t i .it Of 
 iiP or0 1act ing factors, and
thi aesikkiecultia I. Ivloi i noin jI ,sta dard , approach
e u i i1 ine t nuttri t t tUdi 
 .. If, of co ire , moret etailed 
sLud ies at'- (Ir" i I ot ti t H I'ltille r of ;pe c witichII -art be 
studted is (tr itly reduoCd.
 

It is fot th is reason th it vii 
 I i, y ill of our knowledge otlt.ropical Ieuires is re st ricted to "' tarldard" Ilal ts such as 1thecultivars of Centrosema putescens, Macropt i lo1 athyroides (forri.rly known as Pha~se_1s--lathyro ides-)- ad Maci)p-optiiu'i atropur1nureumi, etc. TTFs -k ePTgwle 5TT ;nreover,hs, 1 r Utsua 11y been ga in5ed 
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after the plants have proved to be relatively successful; they 
may, or may not be, representative of the species not to mention 
the genus (see also Section II). The work of Jones (1974) sug
gests that the latter is at east sometimes the case (Figure 1.2). 
Accessions 2 and 3, of S. ha,,Rta and S. humilis respectively, have 
both been successful on a - Ah these responseTisils Austraiia; 
patterns are typical of plants not requiring a high calcium envir
onment. Accessions 1, 4, and 5, of the same species, have per 
formed poorly on Lhe name soils; they have response patterns typi
cal of p1,ants requiring a high calcium environment. Not surpris
ingly, in alkaline soi Is, their po iLton is reversed. 

1hose daLa areit intere'nt from amother point of view. Exam
iaLion of Lht' edaphic or'ig si of eh planLs reveals that acces
sions 2 and 3 ar' fromi acid soiils and that W~reothers, where data 
are gi,'en, are fro) alkaline coil 1ions. loitzel and Middleton 
(SecLitr 1-7) described a similar nifittion wh e they showed that 
the for't i iZer requireiments for tle tal, ishlnent "f various spe
cie' could hei.t Wo ,dduied from knowledge of thr species con
cerl, tiii nat iv,' Ve''lt't tiot and the geological origin of the 
soils. Po'>ilbly kotwledge itW soils from the collection areas 
could by' unad to Iroadly indicate th nuLritional cequiremcrnLs of 
Lhe varoul' , spa' i,. tLLteiipts to 't ti Lhis have been prteneited by 
Burt et a . (1979), wh ex'ami ed i h i t iLi in so ls frOiii wtich 
various Wiyuits -iere iol loOd ind rii , l to the speciesftlt Hlin 
found. rhe pityqicil oatL iof to h atils w q iportatt and Stylo
anthes, no'iintirose, , l itt_, _rpt i1 tm wat., tiltf itted to the sandy 

ttF -"I dit t?'Tf c -oiIit S .] hut liht g t)Ugl s, however, 
tile bal afce of the variutr i 0 it'ililt at . Fiqgt re 1.3).
On tile tighily acid, i w P Ii i'it tif AilA) oilv fte genus 
Stylosa-fhe' wa', 'to :untir'd, As Lt'' ph, , iru levil increased, 
and the e 'tihangeile K lvel driv'oped, 'u rstia til Licroptiliuri
beCat' tut. p'vilcirt I lt' indiii' - i t dicwi 'il Lhe gen
ere] telief thi Stylo antleS is most ,',',i mt toi :ttait nis of 
low fert ilit y and- YT a-rnd Mta :Lioipt less no. alsocro Note 
that a v ri Ly i)t 511t'c],'' -

al ',- i l *'i h , l l t' re'Markable, 
however, is til' i lose i t wititt w'i l tht if H all (1975). 
Th i, aut ih hI,' ifhown Lhat, t,,llnii , , i ioo w0]fili tLa 
grann , it V P I Hl,]l M i onitl (Af not whch. = kh"'t I iil4,> P, ta 4 . nltgllme 

infurtite colitiott, Tie adtitotnf of P i-avjr tilt qr= lire. 
ltlhou h relativel' 4c tint , te d , in Figt o. 1.3 also SU]

gest th ous iylct liff: ih' 'WVi u< atith's 'pi ies r inithe ir ferlility' Iequirwmeni.. On-,il J e i- 7i d , phlospholcrus duf ici -,nt noi s,.

only A. cai Lalq wat futdI S .- vi SoW at S. scabra occiiretd oil 
~ iin~ hi ti vertsouiiewhaf.fiii~ ~ i ~ ~shtto ~ ~toalf'n i s 

ino'e neut al c nt it i o . tservatio ns of ilanlts f-romt whiTh it was 
iot possible ti cil lic. nieed, aundwi'h flr various reasons did 
1ot appear ill tIr a 1 t1. it i ilti tpl-f at e diltincLiors.3 Len t 
This siugtt_-]'s.', lt rfi'i , W it. : i mayi itif', in their ahility 
to tolerate iuch c itii . Currn'it liii itifi workt in trdliadit <- iv' Atu
(BurtL, unpuhl isted dhalia) W Rc~l (W f' fhc! ltle0) rm i, lindings. 

work if 6rof et. a]. (li') , hlw'vt, 'tgjt,s' ti t this species
ranking reflect tol only' I ile ani.c tlt. pr re ite, S. capitata, 
for insLanc_ rearched maxt 'ut gi0ti 1 l'--,, -vy It -- Veb-T-s, 
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Figure 1.2. 	 The pho sphiors rl o I cctions of Stylosanthes 
hamata arid S. humii ' (Jones, 1974). 
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S. viscosa at somewhat higher levels. Date (Section iA-5), more
over, has shown that the associated rhizobia may De similarly 
adapted. Attempts to refine this approach, by which plant collec
ting data are used to indicate likely mineral response patterns, 
are curruntly being made (Burt, Pengelly, and Williams, 1980). It 
is hoped that these will be useful in selecting fruitful areas of 
research for those involved with mineral nutrition studies. 

Other approache; are currently being developed. Bowl i ng and 
Dunlop (1978) have calculated thL enurgy expended in accumulating 
phosphate; they suggest that such values may be useful as "phos
phate efficiency indices." Many questions, however, remain unre
solved. How do we "screen" large numbers of plants for their 
"adaptability" to edaphic constrairts? Undoubtedly, an answer 
would consideraibly expedite the provision of suitan le legumes;
traditional plant analyses, biochemical, and physiological tech
niques all appear to have lili tat ions (Stith, 1973). 1no"low fer
tility" species utilize tie same phosphorus pool an other species 
or are they able to tap iesources unavailable to "high fertility" 
species? If extraction and removal of phosphate exceeds the re
circulatory input then will pasturos based on such species invari
ably dec Ile in aroductivity? Possibly met imoortant of all, 
what is the overall role aq "high" and "low" fer ii ty species and 
what are the scientific and ctrii uonst aKnt s whir govern 
their long .r use? 

Thin review hn ben brief and, Lo a very large extent, uses 
only exa'np],2:, of phosphorus nuLrition to illu trat he points 
raised. It wo1d have been equally possible Lo use, for instance, 
trace el t rii inits, h di u 'in are fairly co:nmo] , where 
differentid] a leran'cas of varinu spqciei occur dnd where there 
are limitati, in ih, mIthodq wsd to diaguose deficiencies (see 
review by i 'ut,, 19/8l). Our main theis r that, although we have 
lea edal Iu hiabOi L the mineral i iritio, of tropical leg mes over 
the last ,fnor, Iair y la ii n issues eoi iniunanswered. If 
biological n itroten fi A ion is to assume , full, important role 
in tropical pastore i:- lopMlirnL then solutions to these problems 
should he sought. 
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2 
Edaphic Factors 
Y. Kanehiro, J. L. Walker, 
and M. Asghar 

INTRODUCT ION
 

To maximize yield, the agriculturalist attempts to find, or
 
to develop by breeding, a plant fully adapted to the environment 
in which it is t.o be grown. That environment includes the soil 
fr'rm which the plant draws essential nutrients and water, and the 
climte whicih can determine rate and amount of growth. More spe
ifr al ly, the solar energy input, tire ambient temperature, and 

th incidence of rainfall and wind are the climatic components. 
Growth may b, limited by departures from the norm; the capability 
(, L plant recover climatic is a significantpe to from stresses 
ispect of ida it ron. 

ompl iattd an this way be for a single crop plant, the corn
plexity of the ecology of a pasture is mich greater. If a legume 
and grass are grown is as ciation, the, objective is not as simple 
as when selecting a secies for a mono-culture. Maximum dry mat
ter yield it a defined harvest date ray be far less important than 
cortinued product ivity, maintenance of the name botanical composi
tirn, and st-ib lity under whatever grazing regime is established. 
The pr otein cintent of the mixed herbage, its palatability, and 
dirgest ibin Q fur raximon gain in animal weight are perhaps of 
mure consequence in assessing the quality of a pasture than total 
dry matter yield. 

To maximize th yield of a short season crop, one can select 
that period of the year during which edaphic factors are optimal 
or near opt iimal. The sit uation with a grass-legume pasture is en
tirely different. In the selection of species to be used, there 
is c1early a compromise that must be reached. The ability of 
yras s/I leume corrprents to survive adverse ciIimat ic factors, such 
as a rainless, hot period or a cloudy wet period has to be consid
ered al ong with the i r ab I i ty to thr ive when ci imate factors are 
benign. 

Soi cond itlons are, of course, of paramount importance--the 
the soil as supplier of the nutrient elements essential for plant
growth, and the medium from which the water requirements are met. 
Once again the situation with a yrass-legume pasture differs from 
that with a short-season crop. Not only must there be adequate 
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essential elements and absence of deleterious physico-chenical

conditions, but there must be a continuity of supply if the pas
ture is to maintain productivity. Tropical soils are frequently

deficient i4 one or more essential nutrient elements or become 
deficient under continued use despite some recyling that occurs 
under grazing animals. 

SOIL ACIDITY AND RELATED EFFECTS 

Soil pH
 

Acid soils frequently limit nitrogen fixation in highly 
weathered soils of the humid tropics. The soil pH of many Ulti
sols and Oxisols is below 5.0. Some !nceptisols, Alfisols, and 
Histosols also limit N fixation because of high acidity, particu
larly those in high rainfall areas. The detrimental effects of 
acidity may be caused by a number of factors: low pH, excessive 
levels of Al and M" and deficiency of Ca and/or Io. In many situ
ations, it is difficult to sort out the factor of soil acidity 
which a'. ects nitrogun fiiation. Andrew (1978) reviewed early 
work that. indicated that the effect of low pi1 (4.5 to 5.5) ol 
tropical legume yrowLn was not inhibitory in a healthy plant envi
ronment. Recent studies however, revealed that pH does play an 
importapL rile in thK 1lse-rhii system. For example, within 
the tropical yroyi otf letumen individual species and cultivars, 
within specQ, veav t to (Andrew, and eti differently pH. 1976 Munns 

in t
al. 1971). It is ifi to say tait probleis which occur withl 
soil acidity that all for orrecLwive introducing the 
topic of liminj trop ,oi]s Hero again, the problem is multi
faceted. I i e can he added to noi 1 to: (a) crriec p1 per se, 
(b) add W dii in (or magnesiums if doii itic limu is used), -c d-e
crease ,, i-sive A] and/or n, or (dl irrea.e the availability of 
to. 

Lime c:, he ap l ied by pelletinq the need or by direct appli
cation to w ,,il. Must std ic is show a higher , requiremient 
for gro.tL an 10od&0 11oonali Can ', Provid,'d )y a pellet. For 
exampli,, ihi.du (1974) in Ugarl,] reported that increasin lime rate 
up to 6'5' r/hima ga ,e increa,,d dry ;aii fl"i yield and uptake of 
Desmodium intortum. 

Enoug woirk has ieern done in Ii - pa' t two decades to show 
that Iime ciinot he applied to soils it We trop i cs according to 
standars for soils in the temperate zone, It is general ly ac
cepted tia liming ahove pH 6.0 is unwise hcaue of the possible 
creation or oinic iencies in imi:h onutrients and . Furthermore, 
some tropical legumne species may be adapted to low pH and Ca; 
therefore, riaising the qoil pH to levels much above 6.) can cause 
deleterious effects (itunns, 1976). This point nay be academic, 
because large amounts of lime are of ten required to increase soil 
pH beyond pH 6. The classical way to determine how much liuie to 
apply to raise soil pH K to work with a buffer curve prepared by 
plotting the pii as increments of a standard base added to a 
hydrogen-saturated soil. Another method, and the preferred one 
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:for tropical~soils,.ls based on exchangeable aluminum data, This
method~wi-b~ ~icusd- ae in. the subsection deal'ing it


alInum.is~um ~t~.~ t 

~A--oJw,echangeable .Ca:-,supply- in-soi 1i is-usu.,]ly-,-ssoci aed -77 71 
withihsoil acidity, although there are& ecp'tions~ to this
 

rul Tropic~al 1egumes' generally,!tolerate flowCabe'tter than' 'tem 
pe leTgumes :.InI an.; early work, ;Andrew~~N r~iI91.cr
 

pare~d yidi perform1ace of the'-eme- lgm''(Medicaqoa
 
'--t rncatii a, e iao a va~ a Trifblium, eens) with Th '-e!4pf


_7--fie-trpgaumes7De-smod i umn; uncinatu, dn~Iofera~ spca

ViCenti-osema._pubescens, Iosantesbjeriand Mcotlu-l h 
T-i>rodes) ;afte addin rae CC0 F earit 

Th7- reported increased yi elds , of ,th reia ----- ~.eiy that- lime 
and- Trilfolium more .than others.- Calcium percentages J,'tp frf 

,,.the 
two groups of legumes did not differ. .They concluded that the

~-~tropical species have 'asuperior ',ability to absorb, Ca from Ithej&~4

soil. Later -studies have shown -that~Ca requiremnrts -differ- mdng
species, and other--soil factors, such as, high' manganese (Doberein- ~ 
er IandAronovich, 1965)~and availability of molybdenum (Mears and 

Y~Brkus, 197O)i- affect the need for lime/Ca.
,~'With -high Ca levels in--the soil Andrew (1976) found adverse- 

2;~effects caused by 2nM Ca- concentration. inStyloanthes humilis- and~i~-k 
'-Lotononis bainesii.- Such effects by liming- were- sim!Far~ly noted---
6by1'Munns e~t- (977). for the above ,two species a~nd by Souto, :and 'Y 
DoberinFT*69)for species of Stylosanthes. < 

-Itis-difficult -to separate th ndiv ual--effects -of pH -and -;~-Y 
Ca. Andrew (1978) has shown that the effects ' of low and; high' pH '~ A 
domiinate those of Ca concentration,, anid that -the-degree of-:pH ef
fect varies between species., The largest 'effect'ofA'Ca 'occurs at 
tlie-irterrediate-pH range. Lee and:Wilson (1972) conducted a pot >~
 

~9rexperiment with Glcn ihi n, soil -low inCa an H5. n
 
:1;hfound that it>'responded to ot Ca and pH. The pHeffect did' notQ, 4
 

i~1nvolve Mo~s l ortealeito of Mn and Al tox&icities'.
 
- Trigoso-jand Fassbender<(19,73) reported results (of-' pot ex-~ 

~:periment' with oandeiisi (Ultisol) from, Costa,'Rica'> r ~I 
'mtterprodutin o'fMacropt'ilium atrpupureum, Desmodium intor- -c'-

-turn, Giycin6' an Cetoeapbs~s nrae ud 
- lfciaflTW f aitlicatlon. Higes ils were -obtaindwt 

6~'~-"10 me, Ca +- Mg/100 g soil.- Correction olYCa dfiiny. ln 
''requires much less lime than changing soil p11(Loneragan, 1973,;- -

M,~unns,41976, Pearson, 1975). Sanchez and Isbel 1-(1979) reported' 
thatO.1toO05 t/ha of dolomitic lime corrected Ca and Mg~defici 
encies inOxisols and Ultisols of, South Amria. Calcium salts," -j
:such as gypsum, can also be ,used as a Ca fertili1zer'. It':shuld\~ 
also be noted-that rock phosphate and rock phosphate-d'erIved fer--
ti lizers, such as superphosphates,4also contain Ca. 

Aluminumn, ,
 

Exhngal Al is,,frequently the! dominantcationi sol
 

http:r~iI91.cr
http:soils,.ls
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with pH less than 5.0. Such soils are usually low in Ca and Mg
and may have a low effective cation exchange capacity (CEC)1.
When the soil pit is greater than 5, the Al saturation is low.
Hence the managenent of an acid soil in the tropics is often one 
of Al management, particularly if Al srns itive crops are grown.
The purpose of ]iuiin' is to neutralize excessive Al rather than
 
increase soil pH.
 

Some soils of tropical regions have high levels of exchange
able Al. Sncanei/nd r s)ol (1919) ,eported exchaleable Al val
ues rangiiq frl 0.1 to /4 mu /1JO 9 tll in OxiNlS, 1,ltis01s, 
and Alfisls & four South ir ican o untriu with soil pH ranging
from 4.u io K _ LxpriS , in t riif, or-f l Watr tionlof effective 
C[', the Fr/, wan trim I to dl. percent, with ol,)re thal one-half 
ot these soil snhowu IAl turaion vaion'i of over 60 percent, a 
generall y pCtd -c't inl level for 11 tox ic ty for ,ost Crop;
(Kamprath, 190.). dly a. tii''e 'x'iIshad ihih Al va]Iup, in the 
subsoil, a Lrlditin that ruciauiq dis'turbing it K difficult to 
cor'tctI uhso i tidiLy. n 'C Oin I s fromi nt A rica (mainly A]ti
sols irid som' Alf i .lh), Juo (19 7) reported .Al! satual tion values 
of 35 W 40 perent ftor strfac 'il,, anJ 50 te 60 porcent for 
suh nis n ,Liiin u (x1077) that S) pU rcentsI p s ,ie .of ,ur'face
Cerrado noil. in central razl (mainly 0xi k, AnKokIs Incep
isols, ind ,Jl s. ) hol rn. 1rethan 4U ptrct it Al , itintI . 

Tilt, n cof airtiit I tipi1 it A I t.),i i Iy have heen 
thdranter izh tor , A iiiHlWt, if .pCI, ts !, .C 'ry rt hisd,'ociatnn (1.96'9). 
 Fr'i~ data W lt rlked troy', :'- ",rW l', onl ..ybhe<Ti
 

tiSS otliii 0ti 1ts F i) , I';" ,iirF r 1, 'i t .1 I It app ht1 "tl [:.)1') i Iini{v,Y' ildlltltut eNOtwCF rel 'hF t r nii r 
('hIarq(1 h i,i. i !.t,: r r . in aer ialIn con (fr,-ol ,, ! ' ,! fileparct" n:!si I'll' 0i l i l 'ii r qit .' 1 allFitr, ,ioi InCal
 
se)irt . 'FFIt I * ,f P)ttr l i'' o. .,( ipir t n with
iIli l 

'
' l f tl Irlt - J i ' I !,'I Ii t . 

g li . T l , ) r rtt 1t , ',r V t r ilt 
0' titofll', i Itll Lutruris ti, ti'. 
 l e-rop
 

Jr
tilj , , ... I,,I ..S''. ] I:it' Ii 1'-1eS'j'F Fr- it OT ttj '--,F'ttt. 

t t r lt )I F at L
I ' F F ,.r ' tu F I I ' 1 l Ftk' Fi I 

eX ]iiit.' )Fr't, ], + l t :; 
 " F F Tti ' I 't
p5lanVitq V~s' , ,'1_1 , )
"6 j ,. F ' t t t rrI l no rI, 9]{ K lillt I ./ , F I(i
L : . I 
 Fir i Fll it w ltfF t FiFyl, dt .elF[t F' 0,J''1 1.uFF'' <l iv lt ''. I, i.. l.
,. 'I . iJt 'l l ' F:r dl d
 

so. ' i;h ? . t s i rl.j'jtill ,on .trl t h I'? t ,oei
 " ] , , .' 


liii: t 'e ult .IIlit F ; t i r . tp-i .f tFrotF~it irn te lfli.l i,Ju Fl. i, 

eff-ct lv'-iit ti- ',,i f tle _f tUP)4AI in Wo tr f ad ann thJe 

acidity extracted with a neutral unbuffered sailt solution (Cole
man, rt al., i959). 



s9~iIs' contafiing 2 to 7 g-percent o9rganic miatter 'Stud i es on, Ce r
:ado 'so 1s, of Brazil~suggested that liing, recommrendations; can be
 
bsed o6h
the following formulat ion:--


4.T llme/ha x E2 e(I2 exchangeable Al) LZ (Ca + Mg)] 
 -

sbeieved-applicable only--o -
.effective CEC of less Lthan 5 rpe/10T g ,(Lathwel 1,1979)
 

Where subso~i' 'acidity is -inoprtould shrbede 
be incorporated' as deeplias economicalYl-posble oJir 
kalternatlveT isto wait~ utl h.s~ac--pldlm has leached 
ino~h usiwt th-r~idofAwting dependent on clima~tic ', 
and soji iconditions.2~ 

Tifrua toeso-s-wt a.,,,

som trpis Mticity limits 'he growth 
~o~ pa sture ,legumes. Mangarhese, binds to N03-reductase: and :is~a~ 
partial 'competitive inhibitor of the, enzymue. SiI ,sluincn
 
centrationsashigh'as 1640 pim'VMn;%have. been reported, for~aPuerto 


~ Rican:Oxiso-of pH4.5 (Brenes' and Pearson, 973). -< 
,
 

~ 'Thel~echageab1e Mi content' of .soi1 is'rel ated to, 'soiIpH and 
'>the'largest decrease in exchangeable Mn occuirs. whe ai I'are-4> 

Ilimed to pH 5'5.'' Mn avai Iab iIty is al so rel ated' to oxidat ion- -

7;reduction. condi tlons. lin' the soil1, e g., Mn :avai1abi Ity,Iis., 'in. 
rceased~when-a soil Issubjecteddo waterl ogging or-other,'redci'>~

codtos igh eprtr and, excess iye -dryin.1 also- cause. an- -4 

. increase in MnT avai IabiIity Beaue e~ tt*
 
reactin, oxidation reduction, an irbooiafcbs' h
 
Sstatusof exchangeable Mn is less predictable than the- 3statuso 
~excha~ngeab e,Al. In Hawai I, for exampl e, the , ot agaifru 
s
A~i'is~an acid',(associateO with high availability),7well-oxidid
 

(associated with low availability) 0xisoP.- 0n,1he other hn' an 
~Utisol, rwhich :is 'al so -,acidic and -well 'oixidized,, wihpeual
'aboutT thie same mi'crobiologjcal rand pare'nt material backgrounds' as 

-islthtonainsisamul o6f ~a lable -Mn. A0bviusl' 
factors' most likel1y environment and mraagemeilt'rel'ated, must play
 

4';,-odulatiou"and N2-fixation'processes are ioresensitive to Mn
 
toxicity than 'host'plant ,growth 'and .Rhizobiuh strain" differences
 
have been obser-ved.-. Critical- lev'els-757or difrt'lgne

~Yhave ben eotdbti-a e-"age ~tte crItica to1er-~ . 
~ance levels do0not ,determine the' relat ive tolerancer of , the plant~ y
~to ..1n t6xiclity Some pl01ants 1with -low< crit cal -tolerance -levelS 
are less: sen~sitive to Mn: toxicitS A 
tolerance :Ieve S. -here may be-genetic 'differences in-pla~t~capta-
~biIiit ies, "to compartmen talize 'Mn,in their i tissues4 Anothlier factor
 
th'at,-must be, ccnsidered is~ the Mn/Fe' ratio' Ji p1 ant,utake. %To I'
ean'ce to, high plant" cncentrationsof manganes Vari njdW~ 
abily iamong and wihi 1'ue pce.-ne and Hegirty,(1969)
rerted thie fooin orer:'of 'species t'leard Centrosm
 
pubescens > Stylosanthies humtils >Lotononis bainesii > arti
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ium lathyroides 1 Leucaena leucocephala > Desmodium uncinatum > 
Me-icato sativa > Glycine wightii > MacropTilhum atropurpureum. 
cv. Siratre. A simillramong common specTes order was reporLed
by Souto and Dobereiner (1969). Manganese toxic level , for 50 
percent yield reduction, was 3 .61, M in Viyna un uiculata and over 
42p M for Centrosema pubescens and there was no evidence that le
gumes of tr[i(c-ali ig-in-were more resistant than legumes of tem
perate origin as far as effects on the host-plant growth are con
cerned (Asher and Edwards, 1978h). Manganese toxicity tolerance by
the rhizobia seems to he large sn Lnmt Mn toxicity is onlikely to 
inhibit their growth or survival in acid soils. 

Liming can reduce VInL)xiciLty in legumes. The form of N ap
p1 ied may aff ect the response of plants to ,xcess MP. Excess Mn 
c osos a greater reodoctir in yield when N is suppl ied as thanNO3 

when it in ' Pl lied a, Ni .
 

1 I. ',rrnino ot critical levels of percent Al saturation in 
soils ti iulpurHIi i ropicil pasture/forage legumes. 

I. ,op'ii lit iob based on exchangeable Al for liming
reLmt i,', i t il t ,ha appl cable to d ide rwarye of acid 
Wni s. 

i[)r;0'h rn Iul and3. 'h1c 1siq ivarh' toilerant to Al Mn tox-
I1 J t: I -' 

SI ii hti ,0-, o,of Mti toxiCitV in soils arid
tro)pical plturn Wmni,

5. ie riih frqu-i liimp ,ppl i' it ion under varying 
4 i l iii hu t , - ihiit. Vi'-ti lu'g-tin'ri trialn . 

6. pvelup ' 4 inA r_1 ioi i tes t ". hWrti-d ,iiuld correlate 
wl l Iiqn.- w jr', it and y,hi Lic ,yt ,,l performance. 

7. pil r dl ri li , riterih-; in providing bP sic cations, 
eq . ',' I ,- o r itou ', ,ho r I Am, is -u ex' i1ve/un iv al
able. 

8. J !*rf[i" ii'n )pt I'.11 qt r i t 1on hal i Cc rat ioas, e.g., Mn/Fe,
Al/Ca, with imipri t tro pical legume . 

MOLYBDIENUM -mi: A O l PIENTS61O-tiuThl.;: iR 

No lyit)denum. 

Molyndeoimr (Mro) deficiency is a rel ative ly common micronutr i
ent prol)eimil ii triopiical legumes. It is also distinctive from the 
standpoiit f 'elitionn ip t soil iidit y in that it is the only
microntri-nt that U- -Hi, '-, more tnav ii lbla , a iPity iiicreases; 
the ot.n (in, iu, B, Fe, Mn) decrea,- in avail 1i1iity aq alka
linity ircrni i . 

!lo do-i i :ricy !, most likely to be = nciat,, Win Jxi-;ols, 
Ultis,] , and InieptO ils (,especially P1ilre fit'ri-5d tWL)I ld vol
canic asn) , tol lowed iy Al i ols ard E t is I , n typ ical Mo
deficient ;oii is a very acid (d H 4.5-5.(0) Iniqhly weaLhera soil
 
with sencqlu io-de; and kol in ite 13ki 0] up IIc1h uf the soil miner



Mopasa dual :uctionf'in pln rwt.Sa qatte

of 6 ae ~a the first step inprotei~
nede~toredce NOto tlH s 

sytei''n rl i~y-rae quantities' are'requrdi h 
sy~ubiotic N2-fixtionA reductasee:zmes:qu~eI'l he' 

Limhg ncre,as,es-Mo av 6aIab11ty by releasing M.o 'from _soilI. &" 

~s~ -anF'deUf1 si~h&ei"I'r cig 

'epcy11problem. -.This 'method may ee
xpnsiv, beause', many 'tr opic'a'l' 
so~il's are 'i gl buffeed, andla'rge' aounts,"f >1W;& jng'materi al 'may 

~~~~ se~o pH"& The :second appr,oah is~to~'l' Mo' 
'with:'othier fe-t1il izers Austral i a, nilybd'id's'"~In prphophat6" 

S(app1'oximateiI1T, pat')Mo0 per, 1500 parts 'supfr'phosphate) issed~w 

.,eas th mutof Mo required to,',correct deficiencies 
v~~".aries~ with soil, legume, method" of appl icationi, 'and other. fac- >'< 
tors, it"'is 'understandable ,that large differencs'in the rates of 'i' 
41o, recommended can. be 'found "in; different 'parts''of the tropics.
The concentration,.of .extractable' Mo. required 'to distin~guish be

'Z''tw~een deficient and non-d'eficient soil: has been~reported to range,
1'f'roin 0 12 to 0.'14 ppm by some workers, whereas others did not fin~d 

a ,''good'correla~tion,betwe'en extractable 'Mo and response, Mo con,'
'tent of legume' tops'.can be a poor guide :to an adequate supply be-, 

' "cause Mo deficiency lm'its growth by'restricting the, -fixation>.aprocessa and '4M te'n '~o concentrate 'in the legume irootndlsi''''' 
~.i'Anderson (1956),reviewed'>the subject&of' Mo, nutrition and lindicated" 

tat a good response o'fa legume 'to.Mo"'is expected if plants con 
'""f 

PJ"~ 
~A.ain0 concentration less than 0.1 ppm in~dry mat-ppm Mo~. At 'a' '+>
 

~ ter, Mo deficiency islikely. Plants growin'g on lowMo soils have
 
nmeosmal~l "and. ineffective nodules. of white or g~reen color,
 

whra with sufficient Mo, the effective nodules mjay be larger "Q

~'and pink to red inside.
 

,The Mo requirement for optimum N,-fixation'>and growth differs
 
among legumes'and is"much smaller if the pla'nt's''ae'supplied with
 
d a recent areport 1978) the sensitivity ,of <"
~ombined N. In (Anon.,

somje, .tropical legumes to,'Mo deficiency was indicated Las follows.
 
i cine"> Desmodium > (Macroptilium) Siratro > Lotonor'is > yo 

"~~'.Bt mlbi xd (MOO3)~ and -sodium molydate ~'(Na2M00 4)"'i 
aP'have been extensively used b'y Australian workers to supplyMo.-, Aa 
tjja'ypical .be:' g No/ha every' "~'application might :100 applied three

yerwith higher rates for legumes that reur areaont f, 
Moor on soils that strongly sorb Mo. Both carriers are, not en. 4~

>tirely satisfactory, the'first;because of, poor 'sol~ubility 'and the'2'Y
 
"second because of- a toxic salt 'effect on rhizobia. 'Athoughi"the "
 

Scost of Mo. fertilizer is"relatively low arnd small quantities are:~
 
~~required,' some mixing"'dxpense'~s usually 'incurred to ensure even 

M"o defi>.'iency leads 'to' an aineffective symbiotic ,systema.a'. 
whereas its excess'in forage is harmful co animals. Mo deficiency >. " l 

&"'can also: lead ato 'nitrate 'accumulation in plants which is related 
''>to 'nitrate-poisoning 'of animals. MNoexcess in forage can cause 

http:concentration,.of
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copper deficieny ianmls a tio clled, wly'breqosisorSteart. Therefo6re, adelicate bal'anei
~a neecaled

Mo application capnot always 4be a substitute for liming. If 4!,sail JpH 
is~S6 low thiat Al tor Mn ,toxicity or-both is~a pr~oblemn,~smal1 a'n'.o'uts of lim must be appl ied AV6'al leviate-this,,Al or MnI ' -JyB-6cause-niany7,~'"e 

the application oin
gms 

Ibe .of A Wit uayA 1 

'~7<4. an~Papl~ct~ioWj/ 60~6 .g/i a[, f gv tesm ie d~in- ' 

~Jq~% Futdireisearch' actiVities ,shold;:addres 'the subject 'of~"'M"in place-of 11iin" ;for <trop ical ~.Pasture' legumes. .to 'find,,a cla ''71'.answer to ,the~question. It 	 tois''also: -important ~characterizeY'Stropical soils foriMo adsorption and~to,determine critical ,Mo con-<~centrations, for axi.mum dry matter.production and Ni2 -fi'xaion for 4~< individual forage legumes. . 

0
Othe'r Micronutrients (Zn, Cu, B, Mn Fe) 

The'micronutrients, zinc 
(Zn), copper (Cu), boron (B)manga-~nese (Mn), and~iron (Fe) become less available under' neutralto24')alkaline, conditions which are often found in.Vertisols, 'Aridisolsand some Entjsols, arid Mollisols. 
 Deficiency of,these micronutri-~
its 4caused by:,sal reaction isassociated with these-soil orders.
Micronutri ent: defic iencies, however, al soare founid' in aid ,highly weathred sojls inthe tropics. Soil , attribte that'are often~associ ated wihdfiinyare a sandy (natural sa'nd§stextureWclay-~aggregated "sands") and, an old land-surface 
'or"

origin which-As~ 'already~~1owI inmicronutrient reserve. Furthermore, intensive~~ag
ricultur'al practices of: today with' increas'ed. plant density. Iand-.app] ication 6f concentrated 
forms .of fertil izer, without much re4~2,, turpof crop residue to the soi1 ; wil contri butet oin &61nutr ient " 

w < 'More 'deficiencies 'have> been, reported, in tropical countriesk7for'Zn, Cu, 2and B than for Fe and 4Mn. In~spite 'of these~ reports,hoeefewsys tematic'or~definiti ve 'studies 
Scrontitrients in 	 crap/production are 'available,' an the role of nfj(Drosdoff ' 1972)~A~/~There also appears to~have been afailurtoaeuel hrct-


S Ize and classify the 'affecfed soils. et adqteycratr
 

SFuture 
 esearch Needs' 

' '' 

1.Systematically identifymicronutrentdfce
uol~~>
~adequately characterize soils far proper classification.,'' 
/44~' >~ 2. 'Establ ish critical 'lev'els ofmir'u e ts in ol s a d 

in 	 legumes. ''>' 
>S3. Carry out long-;term field ~experiments an miouret 

4~~~corrective measures, with einphasis on 	maintenance requiremets.:~;

2, ~ ~ 4. Include the role of crop residue return to -soi,as re-.~lated to micronutrient recyc ing.~,' '~~ 
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PHOSPHORUS
 

Phosphorus is the element most limiting in growth of legumes
in tropicdl regions. Many highly weathered soils of the tropics, 
especially Oxisols, Utisols, Andepts (a suborder of Inceptisols), 
and nxic ifisols, are capable of fixing lirge quantities of ap
plied P. Fixation can reduce P availahility. Many believe that 
widespread P deficiency, and the cost of overcoming it, present an 
ohstcl tm agricultural expars ion into the under-ut iIized and 
highly wuiththered soils of the tropics. With the great majority of 
tropical soils, tL qust~ion is not whether to apply P but how 
much to apply. / llow-Np question would be how to use P fertil-
Zers rost eft i ic i Y. 

IPF xa t ioln in SoiI 

Iopical soils adsorb P in alloun ts wh ich depend upon soil pH,
' -,. and Al oxi s, oryqar ic nia t t , and 'oil clay content. Fox
 

197) derirnined P sorpt ior r. apac it. of ',omp Hlawai ian soils and
 
I oit't d t rt t iito ca(pacit' to varitol miniiilh lic l systems for
 
t or,I r.". a" f,)Ilora', : ,o whr uiih oxides . ribsited 
htOltutui l > mon ,r illoiit,,, ofovif the literature 

Q =4O r' t' oii ixin in Via al]uipif s capiiti". soils almost 
:owtiit it in lrupli T t (hoi ] andtho . r'r ion , lr, adoi'rpt ion 
precipi t t ii r, , ttn idt I K, , re i i' i, for P f ixat ion. 
o,). t]- litrt,iii r' ,, i , ti,t P . should ho taken : 

1 I ta,ur, ij~uIrti . i ih,. t nrr t0i, ,onil (sotl' iorn con
centr al o .
 

? . ;ho tr'r - pt 11, Itvel o Ivaii Irt , P for a part. ic u l ar
 
crop.
 

3. ir:,eaq t niou t of fert i 1izor Iron the present level 
to Lilt_ otI) !imium In+VoI. 

Tli infirwt ion is av iiaIS le by usinq thu P adsorption iso
tterm approt h lo . i (1970).A and, t Kampratth 


Tih 'iti, r Iy, ulsod - of determininnig the
i',tt.rl P require
mFnt of4 crop K to i',trL soil with an acidic or alkaline ex
tracLart l ',I r,,. ,, in' con t'ntraLi ., of P in soil to crop yield. 
A di dv.ntt'op "t inQ ', itra . abl r iet tots is that direct corm
pSrio no f ' ii I t P rnot p 1o',l' erhen dif ferent extraction 
mi' t Iii ir ' , . lh ryf ore, th' ,t i. d ,hro ld he specified when 
nomtirq crit ici.l Iv 1 of ,;ii P. 

6
P~ Reqirt i iii P'Itrio'v IrapricA ii in'aolooufl 

Legum.n , no,'v a hiqjh roruiTin mot fot P dwri to tite production 
of P1 cotLta inin piotein. P doticiency can be ribserved en plant 
dry matter prodotio and on N c otriet raLion in fhe legume. Phos
phorus applic,. itrn cam also stimulate microbial activity and in
crease the amoriN t of avai lablerN. Numbrer, density, and growth of 
nodules are greatly stiiulafled by P application. 

http:i',tt.rl
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Critical P Concentration in Plants
 

Critical P concentration values 
have been used in P fertili
zation programs with tropical legumes. 
 As an example, critical
 
concentration in the tops of 
ni ne tropical legumes at preflowering

stage Ws found to range frorm 0.16 to 0.25 percent (Andrew and 
Roibins, 1969a) However, there are limitations to the use of 
such
 
values unless certain conditions are met.
 

Because there is a 
marked decl 1no in critical percentage With 
an increase in age of plants, the age of the plant at sampling
shuuldIe specified. It is likely that some of the variations in
critical concentrat ions are due to differences in the plant part
and it, aye At the thme ot tho qiampl ing. Therefore, it is impor
tant to standardizn the saiplin procedure. There is also a need 
to correlate P concentrationt m ti e plant with different soil 
typts if one were t.oapply P f I i zer at. pl a t iiig in anticipa
tion of need, especially with ipiial leq Iua.n 

Type of Iet ilizei ald Ap icatio Metlod 

Sinql nuporpho npi t in " pl Ilpemhtlspita, rock phosphate,
ticlk ilo pohalto Itos ] ith tlj it), liosiuper, ca cir ed rock phos
phate, and nitraphii, have been used on nastures in various tropi
cat c nl trieo. 

il le n ia tW l ' coiionly because1h t roi tsed it 
supplie 4 Al to with P. 'inBrasilia, A IUK r1ock phosphate was 
only one -third a,0 t tivo !, ,up,,r hosith in tile first year
fur Styl h10nili,It Inm,! 1ira-hiri t pisttres whereasd h. 

rock-pne -illtia , itnit i 1i,'.i:. phoi phate hadcan-rock 
sim llar 'ffti t elvi , p't r,',lnht . In the second year, the 
IocIal rck i'ph hitt w imilic, 't> r t atpt triter high acid
condit toiri Itroy,, P supl rock it lilited 
seanon it - it" i! lo' 1, Iv!,I.il li itv.Vi Avt lih i Iity increaset in 

phm 1 t II in the first 

Lhe si (on year t)I- I Vo : nIig i iP ii , ".I y ' slt i, ' 
diffe r in their iv ' inteftec i , tili P Ol t't 1i W A,' 1, atl,
When Nlauru rock Ihol ph, t, =it, Lp1!e',et, anH i:nhi1
Indiqj'nfera spicat, , An --tii l e"i '1ii,1ent1 ros(plyai lt-T7, ;i -A,I ('T1 ,~ 

Fi. r , i ei)J1hlly hhe y iI d q w _ ph ~~ l t , t i e I ] si-,i ll~mu I I, i i and 

Macropt Ilium 1,Itihyroides (Brya1 and l 1911) P] it-- t-lt ii 
unil-t Ft-i YrT i tt'-ei-l ly h ' larj,, root volu m ,sih Abundant 
root haii ' 'lil ee ,it T itit ' ii(;r', Itsr t iltercept ion of P. 
The res-I .r1g irl,, ' iiinumber theiie of tsirpt ioll sites way explaini 

inpr v,ed tpt..ike of P. Other factors that may play a part in in
creased utptake incltude the ability of root, to acidify the rhyzo
s -her,tie presence oit tycrihi it and the excretion of phosphate
elizyit:,. in hotle 'oils that fix lar ailotlts of P, a inycorrhizal 
assoC idt. r wiLm the I rttmmliay hei l ipll rtait. (Wosse et al., 1976).
l'ycorrhizIp may also incree th ut.ilizat. ion of A)c-phosphate
(M'rdoch et i. , li ). 

Bi utsupir is a tiol jical fertilizer in which the acteria 
Thiobacillus oxidizes the S whtich acidifies the rock phosphate.
it is made by pelleting 5 parts of rock phosphate, 1 part elemen

http:Iv!,I.il


tal S1 and a.4suai I quantity of inoctilum of the b~acteria Thiobacil'
itt'- ( Swa6 1975) Thi~s material tenlds to be inpfe rrto super
pF~spatin the first year with respect:t drymate yield 'and P
 
y6lds, but over. longer periods tgvscmaabersls(oe
 
an F~ied, 1976) tie o~aaj eut ~8e 
to 900'C. P)from clcined ,roc k phopshate ,isrmore avbabeto
 
pl ant than from~ th nbed soure', but the incr~eased aail abil-

it utb a hasce niInbt d theinraid~processing cost~ 

' 

Phosphorus,1ihasinced brac't- pldt pastures more often;

than band :l i d Somet ies there i s, an, advantAg& to band seed4irngand, fertili1zer appl 1cdht ion. 4Band plIacement appeared.-to be e
 
fit the legume. more than the~ascae grs when basic slag wasp


iused as a',source 'of P.'(Atnon. '1976) .- : It has- been -suggested :1iow--

Kjever, that whn PJs banded, root growth 'May be restricted4 t the

;j~3banded area -and tbeI:p1 ants are >suscept ibe~to drough't~duripg shor

periods when it does not rain. Short periods of-4drought 'are com :- ' 

SMon inmany climates where Oxisols and Ultisols,4occur., Thr'i~
need for more research .on P placement for pasture estabIishrent~>
 
and production inthe tropics,
 

SFuture Research Ne'eds
 

1. Deteri eof soi1and latPrqiemnso iprat
',t ropical pasture legumes. 1 ln etiemnso iiotn 

2. Evaluate the, availability of. intermiediately processed
~~forms of rock p~hosphate, 6especially inacid'soils.
 

. Study the long-term residual effec of P application an~d-.

i'J~tsnfluence on maintenance requirements i perennial ,legumes.

4. Select/breed forcultivars tolerant to low soil P.-..4
 

i 0TASSIUM 

Soils of the tropics are generally higher than their temper-- ;1
S---ate counterparts inkaolinite, 
1 

a 1:1 clay not capable of, K fixa--~~+ 
Stion, 
 and iniron/alu~iiniirwoxides. This means a relatively K(7poor
 

, soi I to begin~ with, a~swel1 -as a soil that is a poor.flxer .of K~-

Under, such conditions,, K deficiency 'can develop rail.we ln 

~is4cleared and intens ively,, ropped, especially in-high rainfall A 
~~Ktop s contain less ,than'0.2 meq exchagal~Ka~I

'KminiuiMal ilevel according Ao some (~Sanchz and IsbelI, 1979); Ver- ~~ 
;teols, generally montmorillon~i~ic in nature, are an exception an 
* usfaliy~contain sufficient.K..J . n

',Te s of exchangeable,,K values-,aas a cri erio for' critialevel, insoil, however, poses,: serjous-,problems in diagnosingK!'
~ deficient areas. Nlonexchangeable sources ofK ae kniown to slow-U 

ly, ryielease available 1K to, plants during a growing' season. Furb 
, thiermor'e,, the analytical 'technique. (ex~tractioni with ammionium, ace-k 

tate) used in determining exchangeable K' also does not take ifnto< 
,~~account the cationic environment -of~K~in soil~ Inview o6fsucih 
~jproblems, ra miore dynamic, approach to express the, quantity'-irntensi-~ 
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ty relationship involved in K availability 
has been used (Bayer,

1972 and Fergus et al., 1972). Recently, Singh and Jones (1975)
reported the use of K sorption isotherms to determine K require
ments of some plants.

A1s with fertilizer programs for other riutrient elements, the
plant itself has beot ;tilized to denote K sufficiency or' deficiency. The critical levels of K in tropicaol pasture legume topsrange from 0 6 to 0.9 percent (Andrew ad Robins, 1969b). If K
concentration is 1- perrcnt, ' i respose is expectd from K fertilization. The severity of K deficiency in a pasture increases 
v Ith tinc ecaiu tI y ria s cx p tes with the legue for the
ajilarle K in no iI. o: I-urriiini plart, whlich hav a high
cut ion exciantet cdpc ity (CE of roots, absorb divaient ct Lions
with iulich greatr eriergy lhan muuva lent ct ions (Fox and Karar,
1964). Ifn ,rasnes ve a low I and abso.rb K with greater ease.
Tire result is thai K fortilizatini urrilly irliemsu, the Propor
t. ion of legu Imein a grons-lqume mixture.
 

There i i lii n r 
 ir ion o n mainLrit ce r Piqiireiierrts for
K. Evni ,d 30andtBryu (1913) ri ie i ad kyihayedir rate and ad
vised that t = a good ur't icet wait for the deficiency symrip
tOmsl to . pvar before , ipp.'ihi K i I 1 i Int a d orce of
K, hihtl rates, (100 -20)H krih ) my "o l t i - l inl deahl because 
of chlorid Wt i ii. l i !ity,I,,(.f chloride L :i :ity Cain be re
duord, either by u i ng i r wv ln M KCIo r by replaci q it with 

K fort i ii iizttSome1'troupical ,j!Jdih ol} ri i r id' Yn .lAMt ,annamtrulat,- o large concenmtrationl i m n ca.-tlof K. Napi
er or tlaniqrd riti 

ss 
a
t -

ill tilttpureiti) t in doiiriartly
kail in o i in H i;a ii -int.l A50i 5-it--ii as I 

n 

percent 
a 

K in thedriei 'matrial (U-,mnw ru, ,unpublis h Q ) , 

Fu ture.ReseaurchL OakL.iL 

,ii Atlti nt i rquiroti 1su ie f r important pasture le

gumies. 
iCtmp 3stit V t idi* , oi K requ i reiei.s of Rhizobiuini, the 

hant plnit rd Li (li . oi ' y .
3. rralt_ 1. i n ofit 1 v.ti On it t'espoiniseS under di fferet t 

soil aiid r ironi ntal covidiiur,. 
iinK ni isotherS to 

requireu titt, of tropical ,l-rhe;. 

4. Pos< ibl siirption delo.riine external 

5. Mi-esare leac hingt loss ii K iin high rainfall areas under
various fertiliz:r arid matageietit prac tices. 

SULFUR 

Sulffr deficiercy may he iore widespread tlhan is presentlythought. In mrny countries superphosphate is tised as a source ofP arid tlhis fertilizer contains about 10 percent S. Therefore, Sis also suppliei when superphosphate is applied. In recent yearsinterest has shifted from conventionally low analysi" P fertil
izers to highly concotrated foris. The concentrated fertilizers 



miay contain 	only low~ amoun~ts ofSSornonie ;at al I .and S'defic'iency 
Typiall, occurs highly weathered acid'sufur, shrtae i~n 

sol whr itesv .eaching associated -w~ith- high rainfall has
( otrbuedto its -.removal SuI "' -df ciency, however,~is<not,

always,-associad -~wi-h'b uc';are'as beb'ause,thei1rsol. h hg 
",ie In this~way,;GI S,defcjency,!differs~ention. 	 distribuio 'of 

ft tat f~P;deficiency: in 'thith th' _lte'rY high a~

Sicdence ,of deficienicy- 'The,. reason is' ha
althugh adsorption ch rlcter'istics are: somewhat"'simiilari for th~ ' 
NodInutri'ent:6eaht' ,, A5s'absorbed much, le' togladtu

"th' absorbed'jrii of' S c~n miaintain adequate 'lvl:ofSi h
 
soil' Solu on~for tlant'nutrition. 
 '~ IA,~~~&:~ 4A4 Tfieeis considerable evidence that, the 'addition of 5'to' aS->'~"~"

rdeficient'(soil 'will' increase nodulation of tropical, pastue': le~~ 
guies and thus result in'higher,yield. The S requirement for mx
 

. mum dry matteryield of a tropical legume was lower than that for 
~'maximiump N yield (Jones and Robinson, 1970). 

' 

Two approaches are beinig used to characterize S stts'o 
Ssoil'. 
 "h firs~t "is to determine, extractable sulfate. (0.01' .M'
 

SCa-HPO4Vis; commonly used as an extractant) and relate" it6"planr
 
' 	 Kprformance. For instance, Probert and Jones. (1977) indicated

that '41ppm phosph'ate-extractable S in soil was the critical -level~~ 
for~several' species.:' They cautioned that 'such a level varies~wt 
species and envir'onment. The other approach isto determine crjt'"
ical, Slevels'irvplants, as exempl ifiediby levels for~seven:tropi- 'I' 

< cal' lecumes which ranged~ from 0.14 to~ 0.17 pecnt-, (Andrew,
'1977). iIn some cases the' latter approach gives betrpeic~o'n

of plant respnse to'S 'than the' soil-analysis" appro6ah because~ "" 

~'plant ,absor'ption is measured: instead of S status. Ho'wever,'tj~'' 
f~plant 'approach has its Jlimitations, 'too, because ,the critical "' 

$ value may change with age or with .th'e plant environment. " 
To (correct Sdeficiency,,an appicat ionraeo102,k / ,


ovratoyear pro sote ufcet Good respon'ses to
 
'A 'elemental".S d ysm CS4 have" benreported?'throughout. the'
trpis.AoterSfer~tilizer i'sBiosuper. has Thiobacillus ~~ 

added tocneteeetlSt sulfate. 'Residual' effects of S'>u4
applicati'osare'generally' good 'to'"excellent, provided in ee'' 

'>leaching coditions do not; exist in the 'soil.~' 

''It" 

~Future Research Needs
 

1. Collection of additional S data for~a cojiprehensive world '" 

Smap on S-deficient areas. 
'' 2. Further development-of soil chemical methods to, estimate~~>

' 2plant available S.' 
'~~"-'~ 3. Refinement of index tissue selection in, assessing criti-'V~ 
t'~Kcal 	 ',levels of.S in tropical legumes. 


4.. Collection of additional data on maintenance requirements
 

'.Determination of S sorption-desorption ohrce~tc~f7. 
tropical so ilIs '~-> ~~V

6. Determination of S requiremen~ts of grass-legume mixtures-.ij. 

http:mixtures-.ij
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7. Differentiation of S requirements of a legume from those
 
of Rhizobium.
 

COMBINED NITROGEN
 

Combine it6ujen is defined as inorganic (or available) N 
coming from tae rlaition of fertilizer N and from the soil itself 
through N mineralization.
 

There could be three ponsible results of the inorganic N sup
ply on N fixation: i.e. positive (sthriulatory), negative, or no 
effect, and the published literature contains all Ih ee kinds of 
reports. If we ricH to IMk a genri1z1tion, it is afe to say
that small] anurLts at avai I ble N in soil at the righ time stimu
lated N -fixation, and large aOiArts are harmful for the symbiotic
association. A scir atic di!rai if the of fact of comb ined N on 
N,-fixation is reprs.rLted in Figpure W. Our interest is to find 
pint "x" on fno x-i in, i .1' toi,concentrat ion of avai lable N in 
soi I to i j st iii ni to kiiaimize ,-fixatioi. However, "x" is 
elusive. Thin ':o vary, dependin upon the linst-species,
i will 
type oi bac ria, the I.ori and method of fert i Iizer appl icat ion, 
and whether the ,l i p arite alone or with grass and other 
env ironentalitt ii f 

St imulatoriy ft r -, 

there, i Lorv iin i .. ay i denco that smal Imounts of available 
N applietd At io proper time can stimulate nodulat ion and N, -fixa
ion. fi I is(,if iL presume, that many high-yirlding legumes 

possess or grow A potenti n]iaIi A. carnot be atist lied by even the 
most off i(i t t nr if .y'mLbiusis (Piit,, 1976). It is argued that 
the app. ic i ion of anilH , urts of N will satiisfy the needs of 
tie I ind h o N -I i (tiu, has tarted (>tarter N). A 
heo Itn] y ',tqI i wi I I codue a heaIthy plant wi th an ex tens ivel 
rout systmrn di )r, 'it ',t r R izobium. Gatn and Wfilsorn (1974)
app]e1ed I ,(' 6J Ipi, N I 000 phos h /h. i I0 tL kp c hnii to exam
in their f-.nitm0 n ithes humili , N and hightiP combiin tyo i igh 
nation ,n i i t---i - tod,,' Gn -- i- -,t no h1l platis. Thus,the addition , ' at. r ' i likely to ie ist effective in: 
1) ustabli., ny oodlin iniii ly w at hered, low or anic matter, 
acid soIs aido ini ) ,J j i lislied but rnt.rit-itLinpover ished pas
tures or fi , coilng nut of ht-avy .raizir .i f possible, appli
cation shiru] I dIm durlin the dry seasol before rains. 

Inhib itory Pfifp s 

Availible r;.has that orccurring after utltivating a virgin 
forest. soii can 

-
limit symbiotic N.-fixation. In tropica] soils, 

warir teitW2atnir and moist cond i ions generally favoi rapid ni
trification if soil pH is not limiting. In some soils of Hawaii, 
the rate of NH N LransformaLion to 1O0-N was about 1.2 ppm/day
and 30) ppir N was produced as a result ofrorganic nat;ter decoirposi
tion in3 weeks (Singh and Kanehiro, 1970). High levels of N03-N 
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STIMULATORY EFFECT 

O NO EFF'-CT 

Li.. 

C.,4z 

S (0NEGATIVEW- --()!1 H- EFFECT
 

0
 

LI) 

X
 

SOIL AND FERTILIZER N. 

Figure 2.1. 	 Schematic diagram howing the effect of combined ni
trogen on Synhiot iValty fixed nitrogen. 

are known to 	occur in some trop i c suis asanvalues ranging from1 

18 to 40U ppm N were reported by Norris and nate (1>76). Under 
Lhese ionditiuris, vaiI able N can accu'mulate Lo high levels even 
withJ the iddition of fertilizer N. 

NitraLe4, inhibit the production and curling of root hairs and 
m 1ay Whe and developoent of infect ion threads.inhibiL Wit iat ion 
Tniere are two posvihle expl,anations for NO.-A inhibition of infec
tion by rnizohia. 1) i tr ates reuce the synthes is of indole
acetic-acid (IAA) which is necessary for nodule initiation. Rhi
zobium produces NO., from NO., which pssi hly oxidizes IAA. 2)-F-n 
the presence of NO,, photosynthate is used in the ;hoots and roots 
for the assimilation of nitrate and its supply Lo nodules is de
decreased, affecting the symbiotic sysLem adversely. 

tunns (1963) showed that 0.02 to 0.05 mM N concentration in 
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solution inhibits nodul at ion at the beginning but not in the later 
stages of plant growth. NH,-N seems to affect nodulation less 
than does NO:-N. IJrea and organic matter in turn are less inhibi
tory than Nil,- and NOj-N. Nitrate is toxic to the Rhizobium. 

Deep placeHent of N fart ii z r has il-;u heer suggested to 
overcome tile inhibitory effects of com bined N on nodul at ion. To 
avoid ulldue st1lulationi of weeds and grasses, pelleting the legume
seed with a low level of combined N has also beenl SWIggested.

Of late, more inforwation on inoculat ior requirements of 
tropical pasturi, forage le .gumesis being pub Ii shed, e.g. Date 
(1976) and Ial1iday (19/9). 

Future kesearch Needs 

1. Det rinination of the mininum i aount of N needed in soil 
to mlaximize N,-fixation for tropical pasture legumes. 

2. Ihti,lination of the affects of inorganic N on Rhizobium. 
3. determination of the aspect of symbiosis ,lost sensitive 

to NO., levls in tropical forage legullies. 
4 . lEstabl ishwe1 t. of .i colipronise between fertilizing for 

max imtiii N,-fixat ion and t, tal N yield. 

SOIL SALINITY 

Sal inity preblems occur when exce sive concltrat ions of sol
uhbL salts L 1 ul llIte ill th, soil. These irt2 tile chloride, sul
fate, 1I ll onIal s t t, t f alc iul, Ilalld es iil, andI sodium. 
Fortunatel Y in tile tropi s,, lI arear, irene ade up of well
aqgreqlted - lSt , ",ich (I. Jl io' S, l t,-a ls, and Iraceptisols. in 
such so i Is p rmi' )!1 t i t Iml ialts ,Il ?as i y, remov i ng 
salt e!an the pl, l ayr 11i .. <S.al inity Thfreind prohle l,. 
,(re a I II0li)'-i"I i Il , 1 tiw1 ,v,0 i i salt 'i I iaity prob lIens, 

such as -'%omu l rnnr d Ind iam Vl -t i ' Char-V riti -,oI kltraI i 
acterize l notel-ratel'' salt I In / ll-rica, large1y high l Iae .'Out1th 
area; Of 110st. Istiy wl W I l the coastat 1y 1a), oir .lau 1 1 mOr'1herrn 
aid the W Of til 1,1,J 'a'- i: uly (it the ollouthjtht pnt coast" 
of Lht Ai z.11. [I 11 ir I Y, mipIinds i it -i i of/\l- sw I, t-d iI th, llouths 
large r'Ver a in At r ic , i t, . 11S.' Rivet ill t rleyal , pose 
sal inr ity probl m . 1 flh , t c0JoL(latj sal ineIll 1 inld the si I l 
soils, lot 101, illy ,Saol ilt-dt witil rv'ot acid lip to iiillions 
of hectare . Sal 1nity is 51 I r1lj1r preloli ill1 rrf' I iaUddesert 
areas ot thl tropi S. I ',; rjlitfa 11 area'r, with 1oI 1.,.ief are 
Prole to sal in i/ 1oll. 

Tri 1ca I Iej t1n1v rW 910 ral ly less tol eralt if sal irnity t!ini 
telporat12 l'e'q ,S. All v .- 1lt Iit io n t salI l .ler.lllca of m1ost, Of 
theill impor tll 4 - l-_llill'7, lIed icagi saltiva reveal11 a.1 tlrl' arld 
ed th ft l lowlilul I I d: r It to) a 11 e . eld iCa-a 0-sat Tv ' ,a cropt iI
iln atropulpurlullm ropt lathyro l)esmlod intortumMIc u11101 ds 11 

S 1a3el l u niforul :. n 7 11-11-cul--_ lyc ine. ,ot toIn Vi .i-i at a wigi7-tiT 

Lot-on-onis-ill- i Ta)1ah1) ur pur cs' . tylosaintfl- huni FS
 
)esinlod 111 i l c ll. tlJlinat01 111(UO)islod-ulinintortuii
in at [J Sllaod li u and
aire sbsitive t chloride excess5 . A chlorid., concentration of 2 
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percent in~Desmodium intortum was associated with seed lI"ng death 
(Andrew ado bins, 1969b) Li1ttle information is available, on,

theffec ofsal inity on rhizobial survival and efectiveness, 

E ture-Research Needs_-----_---,

,. creening and selection o leuectiasfor sat' 

2.eteff o cri icl1evels~ for, salinity Ai a io tolerance 
at dfferent ',ages ,for-importbnt tropicalpastur6 legumies . 

3. Ivsiainoteefcs ' a1 ijiityon surv ival of
 
different rhizo iarad' the ,syqiiiotlic system.. '~'
 

'SOIL TEMPERATURE 7 
Hg' gi surface . emperatures cnoccur in tetois 

.-soil sraetemperat -e as high. as 500C has 'been recorded ~in -I' 
V~Zaire (Masefield, '1958):.Norris :(1970) pointed out that inmn 
S'areas, soil temper aturei1t 2.575.0 cm,depth can range 'from t 

~1'45',C for up to 6 hours a day. At, a depth of'150 cm mean -annual~ 
;:temperature remains constant 'at about 25 to 26.5*C. Ver.limited j~
j 1data.,are available on~' actual, soil Ktemperaturem ,au1reet 

t%'<hroughout the world .- Chang '(1958) prepared soil temperature Tap

ofofthe:, world and gave an average annual,. range of values for ilh


~V~~tropics. Average6 values, however, may not bego njh oso
 
'th effect of temperature on legumes andtieir symbiotic: ysema

Iarge temperature vari ations for even a short period may killI' h 

SRhizobium or the legume or both. ~ '''" 

~i,,' Wereas soil tem~peratures. are measured onl y at a 
" 

few loca- ,
S"tions .and records .are frequently ;of brief duration, air. tempera- 4 

V.ture, observations are made daily~ at 'many~sites throughout the"'V 


i'world.: Attempts have therefore been made-to pr~edict 'soil tempera :.iures ',from air temperatures.: Toy et 'al (1978),u sed :simp]e li11near 
'model~s for estimating mean annual,7seasonalVand~monthly 'soil tem. 
peratures with 'reasonable accuracy; usingK nnly air tep"atr:

.'data collected by: the. National weather 'Service' at 'statin -' 
, Ahroughout the United 'States. Better accuiracy in, predictin, r't;,# 
~ be obtained with additional.climate' and'soil variables., F~r exam
~ pie, cloud data would be o ,,,great~value because Jt aff'ects. solar,~A:;
~,radiation-which in'turn affe'cts' soil' temperature. 
 > 

'"Four aspects of temperature' areo intets6 the, legume-<,v~
'Rhizobiumisymibiosis and leue,9ot 'adwlb; scussed. , '1 ~leum d n,' an d will be dinnne 

Temperature effr- t' o,, egm rt andcmposition. ,
1~:~~P~2 Temperature effects o nitrogen fixation> 
 '- ..

§. ~'3' Temperature 'effect'onnodulatio. 2
 
,qSurvival
of irejizbia i ol
 

Effect of Temperature on LegumeG'owth'and'C.omposition
 
4 Tropical.,pasture legumes seem ',to fall 'into 'at leosttwo
 

~groups, referred by Sweene'y 'and Hopkinsorn f(975) as te"warm
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tropca1 1e gumfes an the 0coooc1 legui Th1e first 
~gru~ipncludes Marpi m Centrosema;' Pe,aria,, and Styiosan,
thes and 3pas7to7 ave a yieId plateau' _above_ ./Cai tempiera tur.Te "cool tropical legumes" 1gou'" 'ncarceie 
tepctooVL' t:-IoW anL ecrease,t_6ple~au dinfc 

9growth ~ab6ve 27% air temper~ature. This 'g Tc I Desi'odium,ro ji' udes 

~cense~, fvacromaaxiT are, 7n. ooo in ;Lotonon i sa heli2i 
1)a1nes 1i1 s kown to tolerate. fro.sE, A low teflpeatures, seed'Tfo-rnation in o s anthe§Thum i'tIsiin1St

~New~Yr~easowip~o~walaba be abdersely~ aff~ected,
 
~ productlon is~- o rcmeddwere ,mnltiimum .Fmprt s exced'
 

187C___. mnim4tmperature sol x
Fr'etS,,usens~the
ceeA3Cgrrow h Vari ta Ad *Iffrnceslin tm 

~ ature tolerances -have-,been observed in any~ trpc~l-e
&~gumes., ;Sowjng dates can be, man ipu Iated to increase dry,.matterp~ 

Desmodiumi intortum is most tolerant of shad(, and Macroptil
lum atropurpureum,:cv. Siratro ~the~least, whereas Centrosema. pubes- 4 
cens and Glycine~wightii are intermediate., '.. 

.High 
 ~mperatures generally decrease the, dry miatter digesti-
Sbility of growlgerbage by increasingrate of plant dev61 opn e nt 
and consequent synthesis, of stem material.. The concentrations of' 

-~:* nutrients, of Ca, B, ebgemineral especially Mg, Zl) and in':
~often increase at higher soil temperatures...

Probably the best solution to the detrimental influence ofr< 
jtemperature extremes, on N fixation in' legumes 'is'to, find legumes
 
suitable~for a specific environmental condition . <,:
 

''Effecto Temperature o'itrogen Fixation
 

Nitrogen fixing activity of a nodulated, legume planL exhib
~ I.~~it a very~wide temperature; tolerance and hows ,an,"optimum.,ini ac
, jI tivity, spannin a:15720*C temperature rag.-Telw limit~,
~..for'N7'fixatian. in-tropical' jlumesseisto 'be,more affc by

the,-envi ronment, than' the plan~t and N2-fixationi'appears~to be- less 
sniietoterperature~thannodulaion.W
 

; Effect of Temperature on NdulitonK '' i, 

Infect ion,. nodule initiation, and., nodule> developm~ent stages 

2 root-WIinfectio'n 'an deeomn;o bceodtiseappear to~
he 'most .temperature&,ensitiv'd,,, Thgre ar'e f 'tdiso h ef

.. ''~fects' of; root temperature on nodulation and N2-fixation in tropi 
~ cal pasture, legume Y 
 ".",Dso~~'<'or nodulat ion ofG ieA ii'htD modimitorji

diuJ m unc inatum, '.StyI nf sh u ii s, an Mjacroptilium.atropurpur 
T,_M, N)jC root..,temperature to ,be'_h bs..Odr pants are30 :Seems 
milore ttolerant of; lowlerC shoot temperatures 'than younger , plan~ts, 

'' presumably, due' to a,'greater, effed o~f lower shoot' tehietu'e on 
no~Idu~ fornatin than. on nou Ucin 



S The rhizobia must 'survive insoil, -in cu I turejimed i , and on 
s'e ude climatic: !,conditions. nfectig thej-ariable i~o~t 

--1qmt-_Gnr are 7ofmpore-zcncerni1n-7e ~1y7hi gh'-temperatures -
s.r~lyi f rhizob'ia inth trpc'hnlow temiperature1 3In~~~.3 
seea'suis tmeaue a fouind to' be a limiting factor? in 

a.~ i' Survival affected soi I ,ty'pe,~ru1r1viv soil is by
e<xposure'time, Rh izobiumf strai n moi sture stats, ,and initial con

<centr[tiotijof3. in~cuT~u. The maximumn temperature, range, for- Qthe34  

i'6ft'rhizobia'frou the? cowpea' miscellany group~seems 


~W30-2 Th6 'eposiureof. rhizobia to 40*C fo - or a re
~''sult ina ten-fold reduction in their number' (Bowen :and- Kennedy,
 

grwt to be, 

~w~1959)., Sometypesi'of 2: 1clay provide prtcino rhiizobia
 
Sagainst hlih temperatures, probably due to aprotective echanism

%of a clay envelope'arouid the bacteria which decreases the l1o of
 
~water from the bacterlal2tcells. To improve rhizobia survival un
der high temiperatuire conditions, the following have been suggest
 
e~''d: high temperatures,3b) plant
a)develop rhizobia resistant to 
inoculated seed ,aL the properK de'pth, c). sow inoculated 'seeds in 
later part of the day, d). use larger amiounts of inocu1u,~ and e) 
use, mulch to modify environment.?
 

Lowendorf '(1977) recently studied rhizobla survival under
 
different conditions and concluded that when temperature was high.

survival of-rhizobla was greater in dry soil than in moist soil,"
 

Future Research Needs
 

1. Developing a comprehiensive soil temperature map of the
?3 world... 3*3,3? 

2. Screening of rhizobia for different climatic extremes. ~ 3.i Breeding of legumes to suitdifferenitenvironmental con-'
 
ditions. :3-'
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Microbiological Considerations-
Rhizobium Specificity for 
Nodulation and Nitrogen Fixation 
R.A.Date 

To be ssicce.sfu 1, forage 1 ,,' :A be able to meet their 
wnnitrogen requireiments ny reducing atmospheric nitrogen in the 

nodules forid by the appropriate root nodule bacteria, Rhizobium. 
The level of the nitr'oge contribution by the Rhizobium, usually 
terned th 'effect ivene" of the associat ion, fs an expression of 
W,. leLiC LUmpat ihiliyt seen the ; t plant aid te bacter
ion. The afi irilcy of thin symbiosis in Ifetct ed by enivironment
al 1 ictor'. in pricLic , Lho atil ity of ti A,,noc:iationt 'o con

i1at, ti, Au plant's W roitlp s!jpp ly v l ;i'-,t.remend()usly: it. 
rtill , fl-roin A pordsi 1, it ii L in i i. . tihut dry wei ght yields if 
W., ihoc ated P! ants dr + lekh;Wan~ % 4o!,, tLhe! canof uninocolated 

pl ii 
u'i4ql ji .'uhllilr yid t 1hin l W s gr'owil in iure thans ado
quolte? le'vek of fe.rtiliza " uitr'..qin. 

R iOM iA tiaL. At,. o ,1< to f rm nodJul,-n an(] fix nitrogen ill 

t Ki to one i, ihich it K p rtdi] upon symhiotically fixed 

i Dt stlodiutli, 
ths .A' pict 1) wIldt ti litei true refeirs to Is the "Cowpe5-

Ioupsi Ill i n n,i a iolt.telds to s t,Lt t.at the three 
,wr i,] ind ,,.t,', tiey conil i, llnodut tted eff-tec;tive

ssA i I Wit Oini ienit'ren Ot ni, and Stylosan

ori i 
y y .', r ' l;l . 'j r ii _ Of il Oboircds thtis i Partial ly

mld Wrl.ir,.ly disp~lay significant.
true it in hv rin} s no; the graort.td 


t, it, tii level ,f ft,c f or e of c:tiw II-ss. For exampIe, the 
wi. -pt iI Iw10 WeL dWs ciat ions tiArai"- C fosiil efft 
si''ocie aid specie f'irms ll of genera under review. 

.Ii till CI "t miriy 
s S in ti' thte 

The level otfeffetiveness, ltoweer, varies ureatly and there are 
significant difft,,rein:on ilnth within id Uong species. Similarly, 
titun a tivtn ac '. i1o1, thne level of effectiveness is dependent 
upon tie ili/Il tO r'in used. Tihis cal best be demonstrated by 
rete rece Lt oWi ritsults obtaIliltd froml a1 program designed to 
Scr'een ol aCCeiSsill of Stylosanthes for their effect iventess with 
t 11d', irant rhiZl a 1 lCl'riiS,Of Z _(DUat TCF( 1979). 

ill S. squ ai it>Jn the accessions used nodtl ated ef-Is, 43 of 67 
fectively ;TiI-- 51 range of Ti [iiyt'11;I t.h relia ning 24 were 
effective with a much lore limited number of strains. The number 
of strains effective on any one accession ranged from 0 to 17 (of 
the 22 strains used). There were 9 accessions ineffective with 
all strains and 29 effective with more than 10 strains. Similar
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ly. for S.hamata 11P of~the 37 acesoswr eea ' ~uae 
effectively-Fy a wide~range and 26 by a,limited ranige ofstan' 
Thie actual-nimber-r-anged-from-0 to-18 -(5 wil-n-efet-v-tri s7 -7;and 10 wvjth10ori more).~These data i'1 ustrate the wd di~ty

of the genietic c.ompatibi~l ity between. acce~ssionis of Stylosanthes
Sand strai I' Rh i 6bitiu 4. 

By, apply.!ng ,pattern .seek ing inethud s; it was, possilIeito: Sim
pl ify ~t'e. overalb, pictur' . Accessions~~e ljssfed'accord in 
to thi'abliy tor,'ffecte associations' with the. diffdje t
 

Y~krhizobi a'',-t a. found,:that members of the "groups defined,'Posses-~~~
 
sed' certain' soil' and 'climate' character'istic~s in common For in

, stance, those accessions of S harnata.'which had. ,beem found on a1
kaline 'soilsnodulated effectively only, with strains of"rhizobi a 

S from alkaline'soils (Date, Burt, sand Williams,- 1979)~.In'S gu~iia

nensis~two, distinct access ion,.groups,were apparent. One of thi~e
 

A nodu ated effectively' with, onlya limited number of rhizobil

iw strains; it-' contained accessions from -southern Brazil (Minas~"
Gerai-anid. Sao Paulo)' where :they were Kfound on 0olrf ofl 

~ and high aluminium levels. The other group efetive.wi th a much 
wider_:range of strains, came from othe~r Latin 'Amierican "areas of 

motyhigher rainfalls and longer growing seasons'.~,' 
9~It. is known that the. distribution~of vaiu Syl'ate 

species and species types ireadtobhclic an e ap c 
conditionis (see Section 111-4). The wor jutdscie'sge
that rhizobial strains may be under similar constrainits, possibly
in association with the plants concerned. ~T ~~ this'posi
bility rhizobia were isolated from St losanthes species foudo 
contrasting soilsiwhich varied from the infertile, acid~ (H 4.5)~i
Soils -with high aluminium saturation found' on the Colombian Ll anos 

,.to the heavy clay, cracking alkalinej soil's of Antigua or' Western 
SEcuador. Rhizobia fromthe formier j~ad a pH optimum for' growth of 

near'-4.5, considerably less tha~n -the commoInly accepted optimumqi 
range of 6 5'to 7_0 (Date and Halliday9, 1979),,' Although confirma
torywork?isas yet lackipgi seems that the rhizobia,.like~ their 
host~plants, are we'll adapted -to the' edaphir' situation's inMhic h 

Efetveesrepne o tloate specie's other, than~ 
those alre~ady named ar poryindtds Demdum ~reevant~ 

~jPvInformat ion isi leven more -liited.- The' data 77-Dia-tloff, (1968)~ 
Ssuggestedj however, th at~speci e <6aniag alin be gr buped accordlng to 

~"their effectiveness 'with gi veristra n~of Ri~hIzfib~ium;i ,di sc6oor,
D. 'gyroides .(now, Codaribcalylyrdes),, D.;intorfu D. pcar, 
uum,-D. rensonii,D.ry~do y um,. .,- tbrtuosum, 'D.'tr-fMhioii,,

D7 uncinafum were-nodua byy
lae ro notm buti. ueau, Djy
di'stortum, '5-TD eill'umi 'and D'. sadies-.. r -cn 
data ,_Anon.j 978J7suggets signif~1cant Aincopmpatibilit "between,.
h and- between-both 'of -d 

V@r~ TefTeciv strain CUMF-C-iso-

Iet'erbi'hyllum-atd''D'1 hetei'5carpum the, 

theD. ,. nod"dstr
effectielygru uata edyara~e'sof.I


be~nT,*i--F-r--~fctivlyor inTff~cE-1ve1yj~uae yarneo
strains'fromi D.barbatum, D.~ distortum, D. Antortuim andD. unci

-Siilarly, for Centrosema the range of informtionf'is limit

4x<-' 
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ed 'o s t ex ampIes of, host7 genotype vaiton o effectiveness 
of nitrogen.' fi xati on. have' been' for C. pubescens -e.g. Bowen (1959),
B'owe 'and Kennedy (1961), and Franco, Serpa , and- Souto, (1973). ,
Most~strains for .' ''ecn e alsoeffective with C. lum'ieri" 

anm hybrid,,ia alo iefc ly - no 'u1ted- by 7C. pulesens 

(H{v.A .2Bushby, pers. 'comm.h~T hbi 4 haveihr 
______nou____n dracenrat-r

brs-i~_u n 'ignau have distint and eaiae e
~quhrernents~ to that ~forjth C escens tpes:.7 J?. A
 

'There~is much moe!tEw eT7,kowaotRio'um e
j~~quirep~t and interre1 atisii PS fo e ____________ 

moIII~ h Sty1osanthes. IThie large a 7out 
witlin-pecies, variation jfor' strains of Rhzbu oimn.efc 
t ive' ni trogen fix~inrg asocat ions precludes ~any at 'tto~~' grop
access ions prely o~n the basis of;species :or' gener'a.~ iAnr~~ aterna-A 

S tive would beto dirgr 'eea n. pcie and', d -th,7A 

wide range, o6fstr.ains of, Rhizobium. Suc' system (Date,7.97 
~recognizes, three fundamentaT -responise
types: .
 

A GROUP 'PE -promiscuousA and effective.:Aupants nodulate effectvely~A.
 
with a.. wi deange ofA strains,~ fromi different genera and s'ece 
wi -hin the group; symibotic effectiveness, (host dry. weight)'isI 
Au ' lally > 60 peircent that of the nit'rogen control, adolyae 

A ains areA not I fully Thi''ru iod most~4~"aA effective.A Aore 

closely to, that usually referred-to, as the, 'cowpea, grb Ia Jn 
" cludes the genr~a Aracis, Copogonum,. Ca janus, Canaa Ia 

AAAAYAnchsia, ucu : TSi ol um ropilu Macroloa ' Pueraarid,~ 
AfAAsome. species of Sty] osanhes~ad Zorni,a_AyA.$AAAAY 

GRO~UP 7P-poicou u~fe ineffective' a ,t freque~tly
 
Anodulate with a wide. rag~f~tans:of Rhizbbium," but many arA~
 

AA~ ineffective ,innitrogen fixation. in th is ,:groupA can beA.~ 
fA subd Rh i zobiu Mr ,one subgroup not .al wa vs~ 

AGenera 

AAAft her vid ed does
~form nodules inAi another,, an&..those strains.that .-o form nodule: 

haveAa limited range. of effectiveness.'I Further- ~g~upigoae
$oAAspecies within genera--is frequently observed,~epcaly~i~:
 

ADesmpodium 'and Sty osanth'es.':,:Other-genera _,
~ti;s group include
 
A 
Adesmia, Aeschynomene, Centrosemia,-Psoraleav and' Sesbani a.AA 

GRU.S-pcii.A*AAAA AAsegeer4Ad -nod lily effective-~ 
ly Awith a-narrow or restricted range' of strains~of Rhizobium which~~A<
cgenerally6l~ro~ u .of-homologous spceso a 

AAc~ins. >BothA'genera,A- and seis{tin genera, usualily- for~m.
 
ditntsubgroups VA: large-propo,~tioInof.-members of-itkis groupA


olateA-wi th. str insAfo 

p"jlants nodulate irre'gul arly when the' sane Ast ai n isusd orAdif

h doi~ "no~ other- gnera,6secs andoran 

'A.l i~AAAA AA~ A AJ~ ~AA&h.A 
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ferent occasions. lhe genera most commonly cited in this group 
are Leucaena, Lotononis, Mimosa, Trifolium, and some species of 
Stylosanthes (.Tg.S. captat .
 

Th2 distribution ot relative effectiveness for 25 strains and 
a typical member of each of the above groups is illustrated in 
Figure 3.1. Plant dry weight and total nitrogen content are posi
tively correlated in clovers, medics, so'beans, arid lupins (Erdman 
and Means, 1952), and in several tropical forage legume species 
(D.O. Norris and R.A. Date unpublished). As specificity for ef
fectiveness increases (i.e. fr'. Group PE to Group S), a greater 
proportion of strains of Rhizolbium form parcisitic associations, or 
do not (-) or only irreg a-T-y--) nodolate other hosts in tire 
group (Figure 3.1). 

In thlis way tne variation ill response types with a genus or 
species can le accoltmodated. For example, Stylos anthe"s erecta and 
some S. .uianensis, and s;ie S. hamata would fall into Group PE, 
whereas the fine ,teli st.ylo type of S. quiarensis and S. sp. aff. 
lliamata are located in Gr p P1. S. capitata, S. calcS-cola, sone 
S. _guianens is, ann somt S. haiiata ate best located in Group S 
TDate and lor-ris, 1979) 

Sp tcie,, in Group Pt w. 11 ne effect ivly nodulat.ed in most 
instances hy "native" s trins of Rhizobium al though responses 
under stti' Cond it iori ,'rt ikely; e.g. Styl osanthes uianensis 
CIAT 136 t hrttlrirdd t o o tm arid lime wheni la lon to pel let ig sown 
in the i ift ,,i .:id soils uf the Cc)loIlbi an . laros (Anon, 1978). 
The spr ci -Gr jlp S wit always 1elond Lo in1cuLl Iat ion if sown 
irl lOin I ra l PI ', til ui.)st trOul ) l'soil1i to Id it 1s appro
priati' h i ot li for sowings byhtitet iiinocul,itior it, 
f iold ,1x I.ii irn i iti t pj, tod Ihy [late (1971 ). 

ii J O ivi tl)vtheir i kr loiedql, t hizobiu;iii require:tents for 
ef iv , rods I io i , t r icti , t 1 0 1 Po - esC r of agro

, itI, . Fherethave t), rl vory d., appi ofdetaiml'd aisals 
th.: I Ispl Ii v ii 1 l jtill trart it ional antd lessi 1 genert 
'x piI1tI 'f i i1 sLId i d in .,fC~rj do tail nid a-; the 

,tt 1Jr 'ria ir oiidm . (,laid frequlo t tlyi t,acixpmds 
D -p t' l ' atid mitt faivtrail , respmitses to inocula

tto" ' i t it . , t is h(- miogo ,served. It is imperative 
Ui't ','I , li I i 1ii ely effect iv ness response of 
sp t , ,,f I'Idtir arid soi table effectivel 1ii'ientemd 
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Figure 3.1. Patterns of response to an array of 25 strains of 
Rhizobium for effectiveness in nitrogen fixation for 
a typical member of each of the generalized effec
tiveness Groups PE (promiscuous and effective), PI 
(promiscuous and ineffective) and S (specific). 
(Relative effectiveness = dry weight of whole plane
expressed as percentage of plus nitrogen control (N).
C z uninoculated control, - = not nodulated, + = 
sometimes nodulated, + = nodulated.) From Date and 
Halliday (1980). 
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Plant-Animal Relationships 
R. M. Murray 

ha-
In previous sections note heen made of some of the fac
tors which limit the enormous potential of the tropics for animal 
production; IoN quality furage, instabilty of pasture systems, and 
shortage of grazing lands nave all been ment ioned . Understand
ably, emphasis has been placed on plant factors, and the role of 
plants, particularly legumes, in alleviatind these problems has 
been well documented. Little has been said about the animal con
ponenlit of the system although such a component is clearly of im
portance. It would, however, be inappropriate to attempt to cover
 
this subject in any depth and, indeed, such coverage has been pre
seMted elsewhere. Hare the primary concern is to indicate re
search areas whee it is believed a better understanding of plant
animal itterr ela iunhips is clearly necessary. To do this, trop
ic rl 1and' are somewhat arbitrarily separated into thoser.zinj 
found in agr'iculturall: intinswe and extensive areas. 

In intensive areas the traditional approach to the problem of 
low forage quality or quntity or both is to establish better 

tualIty r sses t apply fertilizer air, often, to irrinat,. 
ri i ra; is , 11]knmmi,- p (iDinitaria ducumr n ) in the tropics 

fo it ii iitvy to oli - v a' tr ,ain,, Although appro- gitjn 
p i i r t: iti'( i nI I p i pr ces s , 'Ind I terlia-

S r.i'"S , isego'-aed pant wr' is one f these.,- suy tb 
Ticr t, ,, al-, , ot r approaches Which appear promising. One is 
to is, p t ur' leg 'm t in thr cr pprig synten: they help to iii
pruvn si I erti 1 ity ar increa,, the qual tQ of the post-harvest 
gr .,ing (the quality ft ' uch grazing could, of course, also be
improved by ,win Lereal with more nuritit ous straw) . Another 

, pr )ach s t) us, tihe crap itself, pn) sib le in tiles of over
product. iOn, for e5 aiple sugar cane provi des an eneruy-r ich diet 
(Prestona ardI rig, to whhich pr-otein ric legume supplementsn I97H) 
can be addied in the tarbibean, Keoghan (pers. comm.) is develop
ing this idei o suit local conditions. Here climbing legumes are 
sown witi sugar a ne and jrrasses, ard ferti ized with pig and 
poultry manure; the resultant feed is then fed back to the animals 
ir the dry season, thus reducing the demand for expensive supple
ments. Yet anoLher approach is to sow legumes along the road
sides, areas which traditionally provide feed for draught animals. 
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Such systems may, or may not be, feasible in more extensive
 
areas, although even iN these areas it is com11rmon practice to fence
 
and fertilize an area to produce a special purps)e pasture for the
 
preferential feeding of sot ectol c lasses,-> ef Miimak. 
 Tie three
 
practices 
most commonly uSY.l ti o ,Laii animal production are the
 
establishment 
 of ;impr vi u p ',t vs j,:,, it witiolut fertilizer),

the feeding of Nupll .,its,, ,trttW el mloveirlt of animilals to areas
 
where food supply is .it; lini ing. The )r i110y concern is with
 
the twu founiet )tsi , One .hy ,ply rotAP hat tih, latter, al
though smei'Ho, deemed to Dot o In, can t a very ffic -
Un.Ct, 
cut aiy to ut ~ tical owl-Wop~ri i lw-ill',
 

The generilt
- ly te d philosophy h i d the L;, otf legumebased p)a:,uro in;Nth! }m.n Mrkin.a deliI,,O )P4! haye ho,. c:orrect
edi, the le :luie ii,% i!r' tqrI ;hich w hliimat--ly ' r iotits the growth

of U Pi 
 issn i ei gran, . the ' , s it i, thri itrviit. better
 
die t I li lire afiloH'iL I n i,ll rt I',aiJ ly apparent, howeverI, that It Weant 400-Iitr.Q W 1 lannii-n, po4s'e, n ,h a n.tristics
a 
whic'h 111ilih, au_'! r nt )rIt:t~ gla, t io,, t his "s-, nir/ l " apprI oachI. IrI
 
Lhk!- connr/,ULinn, oneit mahy prqPenIT three v+amlebt . Fir'st, namell arle
 
cap,lo)tl o+fpr',,!un inq 
 M rt,me.ly high s-eed yields whiich cons~titute a 
nutr i i I- it y s a 11 < Ip)ti ,i~a t (see, for ins tano P1 ayne,

1969). tit th: acid, infertil e11soils of the Llanos, Grof (pers.
 
coltl.) ha i s'd A fro,1 Stylosathes capittata wich
rcorded yi Ad 


equl1 trose fril the avtoraq' p oybeans are,
of -f oTiey however,
 
produced at tit extJtns- of .vegetative growth. Little or nothing

is known about, the inuail feed ing value of suci seed crops, the
 
extent t which t' hey ri it il ized, the dependence upon the seed
 
retention 0or .hrtr'iso by the plant, anm th degree to which the
 
provision oi such a supplemenit would allow the animal to utilize
 
the associatet low quality grass Ierhage. A second 
 example con
cetrls Stylosorithes scabra , 'Hno forms of w.hich can thrive 
on soils
 
too inferti e for other sprlci,:,' (see Section I-A). Such plants
 
are urderstandably low in1P (pho- phoru',), at though they have a
 
relatively high protein oitrtt, arid the effects of this unbal
anced diet on anilila production are unknown. Alst certainly P
 
levels wi1 1 he too low and bupplorientiLtion 1ay h'e rietcessary. Th is
 
is often logistically dilrt uit nl otMi r, I, r, practical solu
tionS c0 ld I i ,oiight. hitt_ ? )i])101:h mlight hlt! al low soiill
 
per iodic itc:cv 4 to ertil iz ed, specji l lur -ss oI'At-ir-'i ch
the lphi'iJ tird A it e 0 i 'elieii nUi the,0 n ! , dillhe t Ap (itt
blood Ond boita); this <tI'', , owI ! t n- ) t nwhile qroai rigdrawn upo
the miruJIL ,M.t nql'ivt7 <yst_,,; L itt le! K% Rnl ri about suchI as t"s)ll of 
animial nIAtr'i+,iun~. Fina.lly, it K lto d thatl ltegumoir:' unlnu imn;l+ e 
pa latah lt' to anlil1 4 i n I h qr l n li l 1on (111 iind LIetl reject
ed in plant vaua t ioni xp- r Ir ' n ltI h;)'l -i'tu'+i I) ut r0 ia01 ,ly Iatnen t tnd ig My d1- hq I j ]i, , tie dl Y "e anon . A,',not ed 'lst'
where, thi, t aid l an.t nrit in (e tiVi ' Wi-4 liay have the 
added 3LdIVir 1 ha I'l 0I t IgO iII\ o''li , -f ix t io l:t p ovides hiqh
qua Iity feed int t drtey aso . it1,tI o i ilothirnq i , t wn ofthese pl ants , the factors thait,.nintril th, ir pa I tabil1i ty or their 

feeding value. 
Until recently, the hi-in selection criteria for tropica leg

umes was that they persist and produce reasonahle -ields. This 

http:rt,me.ly


was, suficient when plant introduction programis 'were imihted~anjd'l
fewaccessions net these requireJm~its!. I1t is''nowv .parent that 
thetripics con t ai n s we al-th_ ' 61 intrjl.~ih nopse
idevariety of~geper, specles ::and "for~ms; in' fStyldhle' alon-e

thiere 'are now avai1able ..annuals"biennials, ana woody. perennil
alIsuited' to drtropical,- condi tlin. 'Ifsuch resources are to 
be sensibly developed that 'sel'ection abased upon aim'al require . 

SNor does thisrequirement cease, at 'thi s-st ge of pl ant.devel 
opment The effects of species and management practices. onanimal~'
 

Areprductivbe rates' need to 'be.considered; indeed l1ow" reproducive'~~

r~' a factor"'limitirig animal production'n.the -t'dpN
<ates 'are major 


Kics .The'same istrue for lactation ae'astee'fet'enn
 
",6 1§ihts>"and calf survival' 2'Tieinteractions between plant'nutri)l
~ tion and occurrence of sub clinical disease, which also, reaty<

Q limit ,annual production, requires investigation. Fihally, Ait is


Sappropriate~to mention the need for furthler work 'on supplementa- .p
tion,, the levels required ,for optimal ,animal production and ~h 
most appropriate source of the mineral to use. 'The utilization4 of'
 
U'low; ifertility' species may ultimately ',depend ,upon~ such
 
knowledge.' 
 , ' ".

'By.,adding biologically. fixed nitrogen to' the farming; syjstem
tropical,'pasture legumes can be used to increase animal produc- ~'4 
>tion. To take full advantage of ex'isting pasture' leguimes -and ,to 

~ develop others and touft them into farming systemns throughout"theii

tropical world we need to study plant-animal interactions."
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Role of Legumes in
 
Soil Improvement
 
I. Vallis, I. F. Fergus,
 
and E. F. Henzell
 

IN TRJ DUCT fOl 

So i improvement will result from any process leading to 
changes in the chemical or physical properties of a soil, such 
that conuitions become more favorable for plant growth. Clearly
the degree and nature of the improvement possible will depend on 
the initial stato of these properties. In the tropics, many (but
by no meaus all) qsils are highly weatnered, acid, and of low 
chemical fertility, though they may have reasonab1e physical 
characterist ic- (e.g. o isols and sone al fisols) . Others, parti
cularly clay ooils if the dry tropics, may exhibit physical 1i i
tation'., to plant qrowth (s e Part II 1-1). The lighter textured 
tops i Is of ltisols anud some alfisols, often low in organic mat

iter, have lo.w w.tor hld nig capacity and may possess hard-setting 
,urfAces i i pou rd fFia 11 acceptance wh ich present serious ero

s ion nzard. 
In AT1 tt I e k p Cm, deg ree of so i 1 improvement is 

ft 'o ug t A-wn'sp tIhu vo iIh, "ibi it inherent. features limiting 
to, plart. !Cow, . I ,,,vy ,on,l r'Iy Is. ',,; den"ired when soil pro
d vu i n. ,. I ih-d ,Vl lowi crop ping, Maintenance of soilt ivity 
fert ility ni i t i tnP,Or are I lso important, especially 
in %,,In Q. sly , r , mnCf t s. There is alarn over the 
e,, '.- t : , n iFi t the *r ics, Crricipally caused by de-

FFre, t 
t.p ,, trditi l ing prac, ti ir from , o.if cultivation 

t 1FF ; inini 'ih of ga ' iit (Sanchez, 197b).
lii iro ' i t ICFlFQrleill efft FF' .,,)' iimprov,-nent depends 

F d -- nitro enr (N) f iation and inpr imariit F 1v , F ,nceine r 
,Fe,"4 i lP matter, obj,.ct v. v to main4 organic ii t 'Fl (a) 
win a por-i , t 'aqtre- '4yst y, (n) to develop a stable rotation 

FCC i , the le,jumni anwhith iC d- ,, C pl)inq lCli% oi J.) to use s 
u!de story i IF I , N-fixa.Lion depends oili tl c1 ,to ignificant 
A titatt ory lov'l A othera' t riont t i d addition, of fertiliz
ers, particuliar'ly pih,)hphisr'u'q (P), legume fertilizers are comFmFOnF
place. Thus any discuission on the rule of legumes in soil im
provement should also bt concerned with the combined effects of 
legume and ferti 1izer. 
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EFFECTS ON SOIL 
CHEMICAL PROPERTIES
 

Nitrogen and Organic Matter
 

In pasture; that are ;razed by beef cattle 90 percent or more

of the N fixed hy Lhlt ]elqii is eventually added to the soil inplant litter andlan iMl excrela. The oiuint and faLe of this 
fixed N (0.g. r no Iition ill ',oil Organic llatter, availability
for suquqCm I cycle%, of yrowtnI And losses frui'nthe systen) will
largely determine atlcthe e , to legue ,,n soil fertility.
 

lit' Ba iCtil iii I 11' i nat Wr.r, ia hO C c Brqari K important
far the, fa 1lo,'i I, I : it supp io i,>Lst. if the cation
exchtifC )apanity IQ) ir wi, niolly ' ,! ,-ed so sis;
it redluc ,; 1rom W
on i saIChn.
QIi r'.'rC dt nD;oils," it reduce,

P fJ atiou by iro n and ,T)l ir,'i okid,,,,; it nay tur in
omplexes with
mlic-ro()r'lItrun.4nitt 1 h b- a,,-nt t0,-ir 1,Pa( sing; Andl A is dn imlporf
tant slo -rp o ',C r', P Tor I q.uro oricrop plantsi of N, n, ii(Sin,-hez, 19/6,
 

i hii I T 1.i ,"o i d I-ht I iI I h.y let1 0s has a 
c I t, 1irm,,ar ,1 in t dr ijaa' prodv tor ti, ii (Jl es , 1.72).
llt,,, ;iv, C rIfi t ,/T nII 'CI l ' Ct , W t.l -, tiiat trf_c legulle
grotVlh vi/. lnd in 

,:p ot o i ru compi , tst l,!i i. i , anrl.(g aZ

so il rh! l. ir a ,olar ' radiation,
IW C L ni)lqr't4T., I 


n..: rr-, e,t whiII a ,, 
ftectt N fixat ioli. Iil re'l atJoInship
i. , I d'y lla:. ii I"CCd .1 Cli _(I t ill ''h ft i t ,, o ' ,, ,,c:a1lse ii


rl - I iltx .o Mi,-'1'6]i pil' rl.l C o f thi l . T usuallyh t C! 

derivid Ar 
i fi x a t ii C 11i ,i ,i ,,., 19/1; Wrl,CaCC. ln1d Goh,1978 )., d ',."V,-r, the Wl ini~mt T 4f -A ia011hig/h lC,,,, , ifi' N n1 hay he reu ced byIq rin lro l m i LeI tIII, ,l r'/ ,ts tr 'L two 

(H~oglundi nd Broc,:k 1973{) or hy hWWh rales Y) N{tntilizpr (Hall
 

et al , 19i4).
 
,I inaverloCv lt vi,CCI f lo, lC t Vir'l l ii lit I CidiCC to therange of N-fixation W on.:tLo.,) , ex<e,!:t.ed
i1 !)I'A,, t , is JIC i nuIl~ret
 

value hiani ihC ' f fltoi :jflc t i l ,xlii. By iakili SOie1, 
simnple iCCIclljp Cii' C) L 'orC-/ililt,Cj contentii off ICC l toCI 1)nd
 
rOots . tilt-, lCt iN ,n h ,::y '. l C C , tC,- I e ,/ 1 C CC.- iilatii l fromi 
fourt een C , ,li 111 1 1W,,i.. 1, i C ]1liCdiJCIC. Icy mCI iiIi.tor lotuctiorl
t~hat , io " i W, , .io rniy t,, +ti, t r o p i ( .A ] , , wou l d b e a va .f orm l .~ ll, 
231-130 -: y iI.h ' - , with v'.'y j ,'uwtiC i ivin al it 290 kq 

-

ha 1 C f lClhli:te r" IC 
 "He!CICIIl(Jr./ mit.f.o.C pCo

'Ctloll t rup 1 ' e'CqICt' a I Ie'lkl 
sees.h l t - reason[ 

'i t C t in Cde i t.hm'rIn) ,,I t honn Wi yd,;,iTt: thougqh on)r tare
 

occaicini W asIC?,- o l3 Iha-1I.i] I1 l Jmilt orlr il thein excess 
ilULltIdtrop iLC', l tl C et ii 196j'; ,r0f and HartnilI, 197U).
Farthermi-'e, tiCe ranger- Lea t0or ltro el A,i )eS lod 1ill], and 
StylosantlhIC e not eMy7osdnnie i 1Iah i I a ll A Nis %Ilight ly l i d ff're ' IIt mu'tsW. C forhiniu. 'Vr,,qspd, however, 
flet the .11_Ce. CCCtiIC are foC wel -fe t,iii I uwtni,wi th in-
Frequent ' liation, where g wth nd N fixation wou l he Cxpect
ed to he ii'- t'er thou ia IlI ' ial ly fert ilizl and grazed pas-
Lures. 

The quist ion of weiether leg i r C fixat, ion leads to im in
crease in soil N and organic watter and avCa i l0 i Iity of N to 

http:e,!:t.ed


atter, ifnsp ins'y sa comp I ex m ascae soil ,Ncotent represent ~ 
the~b~aane beteentOW and- outputs.' It 'is 'assumed 'that::'the, '>

inplut.-fom-yit c--&ikaion'iis-the.-most sgicrtv:-al
and Li sfro no ~itc ixation 'fertllizers, or pe
tion are insignificant or reaiey.cntn..Wehr,,fatr 
that affect 16ue rot n smit6 iain have correspod-- 4~ 
l9ng~effects on accretion of soil N and organic mte'.il~ee6
 

~on how: outputs .(via. volatilization of -amna eahn uof
 
'<denitrification, erosion, -animalproducts, an'd fjre) are 'affected.~
 
Forexample, ifthe extra legume,,growth inresponse to fertilizers ~.
 
is utilized by a higher stocking rate, then the extra input of~ 

..~fixed N would be balanced somewhatby greater 'volatilization of ''y
amoi rmecea ovrey i aconstant stocking rate is
 

Smaintained while 'fixation is'reduced. by 'prolonged drought a me& J'<2 
surable 'decrease insoil N can occur (Vallis, 1972).and' preparation, fertilization, and grazing, management are
 
pRerhaps, "the most readily manipulated of the 'factors affecting the
 

~binput of N by legumes. Well-prepared ,seedbeds' with adequate fer- ' ' 

tilI ization iwould natural ly be 1expected to give an early, irapid
accumiulaton of soil -Nand organic matter (e.g. Crack,.1972);~ The 

<, 	possibility of N"loss' however, by erosi'on and 'leaching' during land
 
preparation s~hould be kept -inmind; early accumulation mpust com
pensate :'for, thies~e losses before.,there 'is"any';benefit "(Myers '
 

1976). Observations with grazed pastures containing 0. intort'um'
 
'"and 0. uncinatum show. that the enhancement, of N and orgaTcmat-,.
&ter accretion by application of superphosphate occurs' only up to 

modraeofaplictinrte (enelletal._ 166 Vollis, 1972;>

Bryan and Evans, 1973). ' 
 -2 

Nutrient'availabilityjmay'affect the incorporation of N into
,~soil organic'matter inanotherjway besides through the~effects on
 
legume growth. Soil organic matter'tends to'have a'more or: le's-"


~§constant ratio- of C:N:S:Pl"Williams and Donald, (1957), and Wil-'~'~
 
)liams and Steinb'ergs'(1958)'suggested' that organic matter accumu
 

C>'lation co6uld be limited'by the amount of sulfur 'supplied in, the~
 
J"superphsphate., ' Sulfur was'also"'thought to be 'afactor limiting

' 'thie' accumulation "of soil organic matter- at higher rates 'of super- "' 

phosphate appl ication to 'subterranean ~a -sandy" soil; in~-clovier on 
'L	"We'ste'rn Australia, but" here loss by'leaching of s'ulfur returned' in " 

;sheep urinie"was "implicated "(Watson 1969). 'Itisknown that sulfur '

l>eaches readil'y from 1the- surface-'of'7some deep' sandy soils in the
 
''tropics (Gillman 1973), b'ut 'the significance of this for accumul'a
 
Wtion of organic matter doesnotappear to have been studied.
 

The changein soil-N following 'the establishment of-a legumi
~nous pasture is 'affected by tfhe''initial' "soil N content., This ""''
 

,occurs even where there is no effect on botanical composition

~-"(Jones, 1967; Simpson et al., 1974). Two. possible explanations .-

-"fort are levels efficiency '" ' this that at Ff-ii_ of soil N the of ' 

synibiotic' fixation is lower. (i.e. the legumle gets more of" it~s N
 
" from the soil and fixes" less), or "that losses of' N are greater. """'
 

'~Althouigh-there is evidence that levels ofhigh soil mineral N or 

> C:N:SPZ C~bnNitrogen, 'Sulfur, 'Phosphorus' 
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ertilizer.N can reduce th ffiiny ofNfxto b,lgumesinmnixedpatures~ (oglund& and Brock 1978 Ba, e 1,978) ,there-tial 


of lwerratsofN acreionin so'ils' of hiPghe Nconent (Si p 
son,net al,, 1974) .The level of soilN at which irfputs -and losses 
of Ntfire- in equi 1ibrium, caji bWesuisin'ily low.> For; example, 4
Jone -~i1967) under crp rpueum infond~ ,no':chang t o 


~soil! with 0O15,- percent',N, compared, i Lnanaccretion of g2N

ha-1~ erlina'jark soil a 0.09 percent At;ahigher le'vel 'of
: Q with N. 
sl N. Bruce. (1965), found 'that under humild tropical.,.conditions

~th'e Jclusion' of C., ubescens in' patrs salis~do el 

centi (i the asec of a,leuesoi I N' decreased by, about '.IOOIkg~~ 	 ha71 'year.- 1. 1his can be' coprdw h.a nulices of'280 
kg N ha, ~in, atopsoil1 initial ly, having .~07 percent N',under alig~htly grazeo mixture of C. pubescens and giant stargrass"(Moore,' " 

'veycommon~ feature of 'Nand organic matter, ccteton-tn'' 
Ssoil under legominous pastures is that tile rate ,of acretion Slows 

as N accumulates, until leventually' a, point'is"apprioafied <
Swhere no further increase inbsol WNoccurs. This feature is:anal -
Sogous to~the ,effect of initial<soil N content on the rate- ofaN,'ac-'" 

cretion, and the possible cause's are ,the samie, viz. omincreased :cbni

"petitive effects of the grass on legume growth; 'reduced'efficiec
 
o'~f
symbiotic fixation, and greater losses of N athigher.'Ivels of

soil N. Although reduced efficiency of N fixation ,might, besi '

4 nificant in virtually pure swards of legume g :Wetselaarand Tv 
SNorman, 
 1960), 15N-dilution measurements,:in a~sequence of pastures


U 7"of'increasing age have 'shown' that it'isnot likelyto be -important
inmixed pastures (Edmeades-and Goh, 1978). ' " 

-~The conclusion from the foregoing dicso st~'atog
~ 'the~general principles concerning' te nfluence of a ,inu Itipl ic it y
Sof factors on the rate of soil N 'and ',organic 'm'iatter, build up ,are

understood, "'accurate predictions of the rae o hne ~e-n
 
vironiments are' not possible.~ 'So far,,we. have 'consideredonly the~

k amount-ofXN accumulated by the'soil-plant system. Equal ly impor-'
, tant isits avallabilty,or rate of cycling inthe system.',,

A major ,part of the ,increase.inavailable Nunder..legume pas
~tures mnust come from decomposing legume"-residues,' and, frmaia 
excreta. 'During'decomposition of plant-,residues,'NIis, rapidlyIi- I
corporated into,,micri6l 'tissue and 'extra-cellul~r'' metabolites,
q~" of microbial amnuithl'any N in excess needs'bbihng"'i'lase&tas

~(BarthoIomew, ;1965;- ades and -Ladd,, 197 7) During"xth deconposi 
tion somIeN may Oescape to the ,atmosphere aslas <(F1oate4Subsequent ,rel ease. 1 

« <,micrbiaV'cel's~that from-plant:'resi , 

and Torne 90 	 of N'by decomiposionf 
ad 

te Over a ;periodi.of several years;. the, avail ab'il1it' of' the
 
'' addfed N approach'e's''thiaof "the4 bulk of the-s~ib orga'nic matter
 

~ost of the~information on the innral i at ion 

mnatr us! s fo aboratory'tincubation of.: finely4 ground
 

M 	 short- term of' 

maeid Very little. informatio~n"'is vial ntepooto 

http:periodi.of
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of N in plant res idues that becomes avail able for subsequent plant

growth in the short term under field cond it ions, but it appears to
 
be in the order of 1 .30 pericent in the first year (I Val]is,

unpublished data). This is considerably less tian the proportion

of dietaIry N excreted iii tho urine by cattle; HenzelI and Ross,
 
(1973) JiV 2 ran e of 33-!3 porcent, dep riidij on the N concen
tIation of the. diet. Mlor't'ovt, c:y(. l ilq via the animal takes only
 

diy lir two co,lpaed . itIw k' )I r Ihsv iaI r ->idues. But it 
is do1ubtfll w;e.t i lr ILIi r iiI ltt 1 00 1V irleIraliizIt i on is of 

HIMu11 dvIlt arp to) h.O,N r Of b causre 'n sandy;mlily II, p v~a r,',
>ilI ort, thf i ilh lf )t Ui, . i iri,iry Nd(_11 he. lost Is .mil ollia gas 

irid Iin>a I 901)). t.,lr',Jt1ar llso occur lan lo:,<J, foiln 
y,,,; fQili la'(IMr 7 . ,, liti ..d thal it0 l)"Ir. it. of the N 'I fIecal 

" i '1 !,, )t riII Il ! , iI ut.1y o I-,tt [ l i I the 
i ' 1, I-yil I [ )I-I t.II, wlI ac ti.,e , re dutr e. 

ii ' llb;lwtill3tr L, II ol OI ,t rtr 01 l i , l I'i , with large 
It . t) 0l rt ii d ,trere' irl i It', I .' rlipir i i[W1 31ea'; livestock
 

!lu. 't I I, r, I r6). Ill; r II ivyv impotarce it p ant
r ..
. h- ut 

,m ih,.1 I , 1,qrl1d1~zi t~il)I, ill I , (-;fthie imuport ance 
,', .r I - I ,,lir(t ,il obv iously depend 

' i 


:tJ~]':,, '! t ~ h"., :rt.,I y riz Ki ani al,, remairkably 

ql l I 1 I! i ii 'i I r In p I i i 

l'i ,r i
1-''tJII 'I wrjmiic tt l1 i i'Ii t, al increase i n 
I LC,I ) i iti r ii i , lhOiloh the increase 

,h i j t ilt llt i't ' I tri Itt n'i'rov olilr1lnt. for soilso 
(It i I,, i', ' ,' , Ic y i,: ois uither sandy 

.
I , w i . 11 ,, 1 . 1, ai K I (ii'riio ill"the tropics 
, I,'I n, ' i itt (iat ion exchantge 

It. 1 -w 1 , i , < ill 'Ilu !)11i ril thIt so i 1 to 
0 .,1' r " I ,i(_ in c tea',i cilln he' .,Vh? ,hs 


, , IIi.. * , ''il
1' ii,',ill' l I )
S ;t l ] "i ' l I, 1 1 '] t q l " l 'il '. , U l.i i ' I 'l If' 'i,', l/r riJi 1 - 111np i I I ttL It l1in 

,ii " til Pl)L rhirt ed 
,.i i ' i -i i ii ) i i i I tI n,i i ()t - st 

an ! I ]ilr " - t I _I () , t a l 1 t ')o f 

' i oIi i lti (I l i'N y ii 'alt, p ylant,itI iq,.[,-.1 i',, 1 l it,, H d~ I .) ) lt 1,1 Y of h e ! 1~,p, w I i,. liat h tI'+S 
' l,),'fl : 1 ': 1 1, Vq~r i I) ,,"f ( ., t. , "Ini-,I9 im ) rveN') ',1( ", t' 


I ii Ii i I i , . p lr ht orifiy p lct 
f v u I I ,:,' i i l'u l, li air tiu "i' t t i ll l plantccu
 

i' I o' . y t0 i elli t2 IliC l0 Iower lr' i zons to 
Ti ii Iiih r0) £ 1 ar1 v itelc. Of tnis for the 

tl;i t j fi , ,i ] I" U>, , M,f aL dr"es t or fertil izer iddi-

Tils i n unuslo1 ly large loss of N that should be verif ied. 
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tions. The latter will only ic significant where the amounts add
ed are large, such as with lile or dolomite. This might be a de
sirable agronomic practice with soils of low base status, since 
there is evidence that style, desmudium, and centro all respond to 
lime in such situations (Munns et a., 1977; Trigoso and Fassbend
or, li/3) It should be noted though that in other cases desmodi
um responded but style did rot (Dradu, 1974; Andrew, 1978).

Accumulation of organic matter in the presence of a legume
carries the additional bto, f it that .o'ie other plant nutrients, 
as well as N, accumulate in a form fromi whi _!i they are gradually
released by nineraliza tion. Several factors must be considered 
before deciding whether this represents soil improvement. In tire 
absence of fertilizer, the nutrients came originally from the soil 
and only indicate "improvement" if they are now in a forlr more 
useful to plants. Pr is may be so if they are now less liable to 
loss by leaching, hut the benefit would be more signi -icant if tire 
lequine (due to mycorrhizal associations or other factors) had iri
tiaily exploited forms not accessible to all plants. Such nutri
enLs would eventually be returned via the organic cycle in formiS 
more generally available to plintS. 

t i riot clear whet.her this improveiment is a likely event 
with soil P (phospihorr,1. in-t publishN ev ideince suggests that
 
plants do not differ in thn purls of soil P they exploit (e.g. Nye

and Foster, 195,3; larai et: al., 1970), at though tire rates at
 
which P is absorbed obvios--vy Vary. Rsel 1 (1978) points out
 
that stylo US a lower P rg irequirnt (per j /t y) thar glyciri,

and cent.r a lo er P r, equire oet than ,oioduii',;. Plants with a
 
1owe! rerr " !ll t Sir 'i Id re., he L a n P d,! t i, : -nit 
 i Is ; t bris 
doe, riot rior s';ar i I Y rile,1 !r .y wiU Id (Iive 'jreator so i irlirove
ient,.. I" f d- Y l,m .), i at in of P l hernb ,i mlay sl ,ow'on in 

Mdown the rat t iof Ire nliycI ,of P Crtiti ii- f t ior ay bC the vol
rime at soi I ,pt lured by tihi r i, or th i rimrtiri sail solution P
 
concentrat il tha. pli t litIn tre anr r I i ze Difenrentces here could
 
iean that onne p1-inL. in pr il i QI l' iiile i nermove miore soil P than
 
another (PrcbarL, 19at). it, ,lar y if P stress on soil reserves
 
leads to r 'ohiliiitii o pr viou ,ly n0n-larile P by dissolution of
 
sparing] y ,a] util r i ', a] ii a ,r-ohaii fjinwa proprosed by
 
Probert ( 97?) d. a Ir 1 ., iuiiorpre at itron of his data. However,
 
in recent pri-- nt. t t , were i) difttrernces bet'ween plant spe
cies itn tPi r .i 1ity to m i Iize non- athi le P (F.W. irith, pers.
 
comm.). Little inf atin is ,vai I.-ie ir possi.,s 1 differences
 
in l imiti"A si solution P'content rat00iii,, althol gh there is evi
dence of ,titferencbs from floing cult ur exper imen ts (Asher and
 
Loneragari, 1967). Ehnst ive crorapping woutld he ine way of exp1lor
ing tihis posn;ihi ity, but there are som,, prnblyen, in pairi ental
 
techn i que. 

Wit low s '-l i tiy P fortilizers, sl I an rock phosphate, 
there sea Lo be yiS, * n o it i I ity if selct in,; legiriqr-''u with a 
superior oilily to util1 - thO ,idtedl P. F:r, ;xainiile tylo and, 

centre mnahe bettr ur e oi rnck 
 phosphate tian did desrnodiur in ex
periments by BrUan and Anrew (1971). In practice, this could 
lead to greater soil inprovement, using cheaper sourJrces of P, with 
with sire plants than ,with others. Although correction of P defi
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ciency may be primarily aimed at increasing legume growth in the 
pasture, a further benefit in soil improvement could accrue in
tropical soils with low activity clays, since correction of P de
ficiency may lower the point of zero charge, and so increase CEC,
and possibly improve soil structure and increase water retention 
(Uehara, 1978). 

Potassium (K) is likely to become 
a limiting nutrient in sus
ta ihned legumne growthi in many tropical ;o part ic 1arly the 
hi wjheathered ones. in suci case% the role af tip legume in soil 
imlprovement ,will lie in increa ed (EC reducing leaching loss of K 
initially applied a4 ,rt ilizer, anid returned to the soil surface 
in a m itl form (as ilf leachate, in plant residues or in urine 
ard, to a lesser extert, dung). In the latter case, the K will 
AM01 Mit returned uniformly to the area, and may concntrate at 
sites -where arliimals coiiirejat e (ii ld er and Mottershead, 1963).
For this reason, the effi ielcy of util ization of applied K in 
loit-trr plastuares may he q" te poor on a whole-pasture basis. 

Witn 1e', ,t the'ed suils, whici hae reserves of labile non
ox lin 'tble K a uciitod eitir ai th prialry minerals or micacous 

1 ilaiyl l, irole t t0ho junl may by more signifcant. 
1-. ju i, :.ta t in ( 19/1) presente, evidence tti I plants differ in 
ti iir dht iy t ut i iO K t rul ni hCiqatlahle sources and show-
Ai ia in SMl- 11, Wsah Uptake Of initial ly nonexchangeatle K 
uoluil niictd while plit. K (ucl., ritra itos w r still albove ti criti
nil I"eI, It rity ho Im i l,, torefore, to use a legume with
 
t Ilis' c pitn i ity t, ab oo hr , IroH ltriis not ivii I able to other
 
plintn in the pidit., it an 5) iiei dally returli it to the sail sthr
f Re Att)ir prih)ly uinle to All plants. Fergus and
 
Nor! in (IMt AnwJ thiat acroptil iu atropurpureum was superior
 
to on r liAs use tf iit ally uln-eXihni alt K, and Gutter-


T.A (19/) found tiat tsimodium did wel on low-K soils.
 
Flt--V~-tliormai on 
 is lacking on whether th- legumes discussed
 
differ in their rse of loss labile forms of K. Further, there may
 
he sile itisa,tiil i t y I hre d itnt] t ti iv ar wh i expresst tlh is char
actoristic; F- u Ad H11d (uripibl ished) shown that thereitCKer havp 

are indeed iltr-siecific differences for Setaria.
 

The ilt itpot Ition of sulfur (S) into origanii matter is an in
tegral part of te sulfur cycle in soil., mit an increase in the

proportion ,of tiotal sIulfulr that iql inl oryanic form mlay often lead 
to sioil improveriim ;. ,,;hicii may occur if some plants utilize sorbed 
4 httoer ta tithers, or if deep-roted plants tap reserves of S 
at deptl, an n lead t nrt-ftce soil I erichment; such deep re
serves of S are a feature if ,,)me soils of high rairifal areas 
(Pro ertL, 1977). A crit ical lor in th. Organic cycle will be 
the rate if 'iort ilizakitoi of S. Clark,. and Russel 1 (1977) point 
olit that LM irae n y etiiliIar t, Anhe rate of release of N in 
temp,.'ate regin , uilLhe aspect not boon studied extensivelyt has 
for tropiial pato.,. Reduced'1'achitlq los-es when much of the S 
(possibly anpl isd A, p f superphospliate) is ilcomilnent i sintgle 
organic form wil be important in Sep sandy Soils, because Gill
man (1973) has shown that sulphatIt is readily leached through such 
soils. But this will not be the case with many clay soils of the 
tropics, which hve suff icent sorpl oln sites to hold sulphate 



238 

against leaching.

Trace elements will also be incorporated in the organic cy

cle, and legumes, because of their generally higher concentrations 
of such elements, may have a useful role. Once again there may be 
inter-specific differences in behavior; for example, Andrew and 
Thorne (1962) showed that desmodium had a lower requirement for 
copper than stylu. Elements such as copper, which is strongly 
complexed by soluble organic flatter (Lindsay, 1978), and manganese
and boron will be particularly involved in organic cycles. The 
role of organic matter in trace element availability under tropi
cal pastures has not been extensively studied.
 

EFFECTS ON SOIL PHYSICAL PROPERTIES 

Probably the most important physical property of soils for 
pasture use is their ability to store and supply water to plants.
Water stress is far more likely to affect pasture production than 
is poor aeration; generally aeration is regarded as satisfactory 
for pastures ifat least 10 percent of the soil volume is occupied 
by air when the soi, is at field capacity (Isbell and McCown, 
1977). The higher rainfall intensities in tropical areas compared
with temperate areas mean that infiltration rates must also be 
higher or runoff and erosion hazards will be increased. There are 
large areas of alfisol soils used for cattle grazing of native and 
volunteer pastures in the tropics, at least in Australia, that 
have hard-setting A-horizons that shed water readily (Northcote et 
al., 1975). Unless water shed from the slopes is stored in t'e 
soils on lower land, less efficient use of rainfall will occur.
 

If the pasture isto be followed by an arable phase, the soil
 
must additionally be able to withstand exposure to the action of 
rain and wind and the passage of machinery. That is,stability of
 
structure is needed to avoid surface crusting, erosion, and com
paction. Further, it needs to be easily tilled.
 

There are large areas of alfisols and ultisols in the tropics 
with sandy t',)psoils that are particularly prone to .ompaction, 
runoff, and erosion if they are exposed and cultivated (Sanchez,
 
1-76). The best management for these soils is to maintain a pro
tective plant cover or mulch, and one of the most effective plant 
covers is a pasture. Furthermore, an increase in soil organic 
matter, the mechanical effects of root growth, and increased ac
tivity of soil fauna can improve the physical properties of poorly 
structured soils. Bulk density can be reduced, and both porosity
and stability of aqggregation improved, leading to improved water 
entry and permneabi lity and greater resistance to erosion (Green
land, 1971; Russell, 1'1; Clark and Russell, 1977).


Two important questions are! will any ir;prvernent benefit 
the pasture itself or will it only, be of benefit to a subsequent 
crop, and what specific role do legumes, 2specially Desmodium, 
Centrosema, and Stylosanthes spp., have? Benefits to the pasture
 
would only be expected but not ensured) if physical conditions at
 
the start of pasture developlment were sub-optimal for pasture pro
duction and then only within the constraints set by soil texture 
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and depth. The most likely situation is that of old arable land 
with degraded structure. In such cases the possibility that poor 
physical conditions might impair pasture establishment should be 
remembered (Roe, 1974).
 

The role of the legume seems to be simply that of increasing 
pasture growth and, in many cases, soil organic matter content. A 
good correlation netween infiltration rate and previous amnounts of 
grUwth (varied by the use of N fertilizer) has been shown for tem
perate grasses on a South Australian wheat-growing soil (Clarke, 
Greenland, ind Quirk, 1967). Differernces between grass species 
were also noted, Lol ium rigidu, being more effective than Phalaris 
tuberosa. Inter-spec ific (Tiffereces between grasses hav been 
ascribed to differences in root. density and norphology (Clarke and 
Russell, 1977). 

There is a paucity of data concerrning the effects of tropical 
legumes on soti physica] properties under pastures. Henzel 1 et 
al . (1966) foaend that so i 1 bulk dens ity decreased under pastures 
contdining D. unciinatum, but. Crack (1972) and Vail is (1972) fo,,n. 
no apparent trernd in bulk density in pastures where soil N was ac
cumulating. E-lsewhere, inprove i soi porosity ard perMeab iii ty 
under S. lJuianerisis and C pubescent (Talineau et al., 1976) ha:e 
bem reported, itbserVatios--wih temperate pastures ind icate that 
effects on available water storage cal)acity are likely to be small 
(Runs1 and Shearer, 1964; Barrow, 1969) except where an organic
'mat' accu imlates on tie ,urfaco (Kleinig, 1966; Rixon and Bridge, 
1967). 

EFFLCvS UN SIIL BIOLOGICAL CHARACTERISTIC -

Increased tidogical activity, including roots, microorgan
ions and larger or anisms would be expected to fol low from in
creased pasture yroNth, whe nmore organic matter is usual ly re
turned to the uii I surface. As mentrloned earlier, this activity 
would he int ic ipaed when legume based pastures are grown to im
prove ei ther aiready degraded st i I s or inherently unproductive 
onres. The main soil improvement due to enhanced biological activ
ity will be shown in improved soil physical conditions and iN an 
increased rate of nutrient. cycling via oranic matter. Although 
these effects have tnceived consideroole attention for temperate 
pastures, their significance mnter tropical pastures is far from 
c ear. 

ror eixaitmiple, earthwormis are commonly thioulht to be important 
under temperate pastures in improv ing aggregation and porosity 
(e.g. see Greenland, 1971). They are certainy more commnii under 
pasture tian croppel soils (Russell, 1973). Stockdill (1966) 
found higher pasturea yields afer earthworms were introduced, and 
Sears and Evans (1953) observed a correlation between productivity 
of pasture and weight of earthworms. Other animals too will af
fect soil pcrosity and microaggregation (Burges and Raw, 1967). 
Clarke and Russell (1977) cautioned that the effects of soil fauna 
in improving soil aggregation may be too slow to have a great ef
fect in short-term leys. However, earthworms are not as wide
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spread in the tropics as in temperate areas (Lee 1974) and somespecies at least are intolerant of very acid soil conditions (< pH4.5). Nevertheless, their imnortance or non-importance in thetropics, under permanent pastures in particular, w~arrants future 
study.


Termites and ants are important soil animals in the tropics,but there is little information on their role in decomposition oflitter under grass/legu;me pasture. 
 Lee and Wood (1971) pay close

attention to the agricultural significance of termites, includingtheir effects on organic matter decomiposition, availability of nutrients, and soil structure. Although they cite examples of desirable changes resulting from at least soine of these processes,they conclude that "ingeneral, 
their effects are deleterious (toplant growth) and may lead to suppression of species that are
favored as or, extreme cases, tofood, in denudatic. of pastures."There -_ ems no doubt that considerably more information isneeded on the role of soil animals under trop!cal pastures, particularly permanent pastures, before their significance in relation to soil improvement by legumes can be adequately assessed. 

SUMMARY AND CONCLUSIONS
 

The role of the legume in soil imnprovemnent lies in: 

(a) Increasing the N capital of the system, or the availability of N or both due to more rapid mineralization of organicforms which differ from those found in the absence of the legume. 

(b) Increasing the organic matter content of the soil which
affects a range of soil properties: (1) the OM acts as a store
for nutrients, which are held either in organic combination or atcharged surfaces; (2) in certain soils, 
 e.g. alfisols and ultisols soil physical conditions are improved. Bulk density is lowered, aggregation improved, 
and pore space, available water storage, and infiltration rate increased and susceptibility to erosionreduced; (3) increasing biological activity which 
affects a more
rapid cycling of nutrients in the organic pool, and contributes tothe improvement in aggregation and porosity. relativeThe importance of these effects will clearly vary from soil to soil. 

(c) Providing a more effective vegetative cover in thosesituations where growth of pasture or cover crop is restricted byN deficiency, thus reducing th-, (ivmunt of bare soil exposed to 
erosive forces.
 

(d) Effecting, indirectly, the soil because fertilizer nu
trients 
often added to achieve acceptable legume growth will
themselves lead to soil improvement. If N is deficient, the advantage of the legume is in rapid uptake of applied nutrients,
reducing losses due 
to leaching or sorption processes. If N is

adequate, competition between grass and legume may mean that 
it is
the pasture as a whole that fills this role. If particular spa
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cies or strains are able to use nutrients not accessible to other
 
plants, the mnount of generally available nutrients will be in
creased.
 

Grazing pressure will markedly modify all of the foregoing,
since heavier stocking will reduce plant cover and alter the ways

in which nutrients are cycled; the rate of release of nutrients 
via dung and urine will be more rapid, but the distribution of 
cycled nutrients will be much less uniform and losses (especially
 
of N) may be greater.
 

FUTURE RESEARCH NEEDS
 

We can state that further research aimed at a more complete
understanding of any land-use system will always be necessary,
though the benefits from such studies on already highly developed 
systems may be marginal. Tropical pastures cannot at present be 
regarded as highly developed systems, so benefits from a wide 
range of further research should be substantial; nevertheless, in
 
the following we have attempted to focus on those areas where we 
see the greatest deficiencies in need at the moment, with respect 
to soil improvement: 

(a) Further information is needed on the rate of organic 
matter build-up under the three legumes being considered and on 
their effect on the N nutrition of associated or subsequent crops.
Extend present Knowledge to more soil and climatic environments;
the relevant environmental information sh)uld be thoroughly docu
mented in reporting on such studies. 

(t) Further infor;iation is needed on the rates of nutrient 
cycling in pasture ecosystems particularly the rates of minerali
zation of N, ), and S, because organic matter accumulation is of 
limited benefit if recycling of elements is slow. Release of P 
Trom organic forms nay well be slower than release ef N and S 
(Greenland, 1971; Clarke and Russell, 1977). Hence there is a 
particular need for work on rates of P release, for long term 
immobilization of P in organic matter is obviously undersirable. 

(c) Better understanding of time role of ley farming in trop
ical agricultural systems, and in particular the significance of
 
legumes in short-term rotations, is nuL well understood. 

(d) Further investigate of whether there is a significant
increase in CEC in soils with low activity clays under long term 
pastures. 

(e) Better quantify changes in soil physical conditions un
der tropical pastures. Measurements of infiltration rate, and 
amounts of available water stored, are particularly relevant for 
for soils characterized by hard-setting surfaces, which shed high

intensity rain readily. Such soils are common in the semi-arid 
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tropics. It is here that improvement in soil physical conditions
 
is most desirable.
 

(f) Study in detail to clarify whether the legumes under 
consideration differ in the anounts of P they can extract either 
from soil reserves or, perhaps more importantly, from less soluble 
P fertilizers. Similar information is required for other nutri
ents too - particularly K and S. 

(g) 	Quantify data on the extent to which the return of nu
trients in grazed pastures is concentrated at sites favored by
animals. Clearly such concentrations do not represent soil im
provement in the pasture as a whole. 

(h) Study changes in biological activity, particularly under 
permanent pasture. [iphasizing the activities of termites, ants,
and earthworms but n)1 exclusively so. Correlations should be 
sought between biologicam activity and changes in soil physical
 
and chemical propertles.
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6 
Social and Economic
 
Considerations
 
D. G. Cameron 
R. L. Burt 

INTRODUCTION
 

Pastures are planted or not planted for many reasons; most 
are economic but social considerations are also important. Simi
larly, not all sown pastures are legume based and the reasons for 
this again vary. In the brigalow and gidgee lands o1 Queensland 
for example, the soils are quite fertile and no well adapted le
gumes are avjilable. On clearing, extensive pure grass pastures 
are planted. On the other hand, under intensive production sys
tems, grass/bay ni trogen pastures are often used to obtain maximum 
production per unit area. Generally, however, we are dealing with 
grass/legume pastures, the grass being sown or native. 

In a previous chapter (Section 1-6, 7) we have had two con
trasting examples of pasture development. in these areas legume
based ,.stures have been successfully developed and used to eco
nomicab!N ircrtase beef production. The incentives, methods, 
plants, ari, ;nanagement systems used were quite different. Each,
however, was appropriate to the climate, economic, ard social sys
tem of the areas involved. Had they not been so, the enterprises 
would almost certainly have failed. In our examples, the two ap
proaches are not irterchangeable even though the areas are geo
graphically, though not climatically, very close and are producing
for the same markets. 

These examples stress the need to have clear objectives when 
developing any tropical pasture enterprise. Many such projects
have failed because the objectives were not clearly seen, and in
correct species and development methods were used. Plants from 
dryland extensive systems will rarely suit an intensively managed 
area with higher rainfall. Similarly, the development techniques
from intensive areas do not suit extensive pastures in drier coun
try. The costs involved by these intensive techniques are beyond
those recoverable from a pasture in dry country where low stocking 
rates must be used. 

In this essay, we will briefly discuss soe of the social and 
economic considerations involved in pasture development. Most of 
the information and examples of necessity are from Australian si
tuations - this is understandable--the concept of improved pas
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tures in the tropics isrelatively new and many varieties suitable

for use in some areas have only recently become available. We
will, however, refer to work elsewhere and try to highlight some 
of the problems involved.
 

THE eURPOSE OF LEGUME-BASED PASTURES 

The purpose for which a pasture is to be used will play a ma
jor role in determining the type of pasture and the manner in
which it is developed and managed. The incentives for development
also play a role in determining the type of pasture planted.

Improvement in animal production may not the only orbe even
the main reason for sowing pastures. In Southern Australia sub
terranean clover and annual medic-based pastures are widely sown 
as a soil fertility bilding ley rotation with wheat. The species
involved are hard seeded annuals well suited to the task. The
seed is able to survive in the soil over cropping periods, and
subsequently regenerates the pasture. Because of the resultant
benefits to the following wheat crops, these pasture periods con
tinue to be used at times when livestock industries are depressed.

Somewhat similar conditions occur in many tropical andareas
the cropping systems there would benefit from legume based ley ro
tations. In Thailand Laos,and Uiversity of Queensland research
ers are studying, in cooperative programs, the introduction of
Stylosanthes #uianensis into upland rice areas. This can be done
without adversely affecting the yields of rice grain (Shelton and
Humphreys, 1972) especially if the stylo planting is delayed
slightly. The quantity and quality of the dry season grazing from
the pa'dy lands after the rice harvest is then improved, an impor
tanL feature in livestock production in that area. These techni
ques have been successful at both Na Pheng in t aos (Thomas and

Humphreys, 1970) and Khon Kaen in Thailand (Shelton and Humphreys,

1974). As well as providing an addition to the dry season forage

supply, upland rice areas so planted have had less weeds in the

following crop, less erosion and some possibilites of increased
 
soil fertility.


Pastures are aIlso often planted, especially by absentee land
 
owners, as a status symbol or as a means of reducing income tax
 
paynents rather than to directly improve the productivity of their

land. In these cases, people whose major income is from other
 
sources frequently use funds generated by tMe main income source 
to develop "model" farms; for prestige reasons, high muurlity pas
tures are demanded. 

The intensity of production aimed at and permitted by the
local environment will also determine the type of pasture planted.
In areas where only extensive production is possible large areas
have to be planted; time standards demanded both in the development
techniques and the resultant pastures will be much different from
those in areas where intensive development is possible. Not only
the climate and soils of the area but also the size of the proper
ties will at times determine whether extensive or intensive pas
ture development occurs.
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In extensive areas it costs substantial amounts just to pur
chase the seed and have it distributed with minimum fertilizer in
put. As a result, plants that do not require sophisticated seed
 
beds are necessary. Often, all that is involved is the aerial
 
seeding of legumes into the native grasses. At its lowest level, 
this may achieve little more than carryini the same number of 
stock on a better plane of nutrition. Productivity from such pas
ture species is not the only cons ideration; rather it is ease of 
establi shimeit and abliIity to natural ize into the dominant environ
merit and to improve the level of ntrit ion at critical times of 
the year.
 

A different situation may exist on small properties; where it
 
may he necessary to intensify the level of production to somewhere 
near its biological maxi'ini if the enterprise in to remain a via
ble econ nic proposition. Fully cleared land aridwell cultivated
 
seed irnds wi l1 be requi red and prodUostlvi ty, and persisterice under 
heavy grazing, rather than else of estan lishnent, will determine 
the pecies to be used. 

thu, the purpose ol tire pasture will clearly define tile type
,of P int Lo b uved, lh appropriate one nay not exist in cur

avdil cmme)rl Ier 1ntly le i al cultivars 'rut may armong those dis
r r i-.dur ing their selection 'or their particular nicies. As a 
ro n oilecti ,will need be vitl new,l, o i to re-evaluated the 

rr:.lauiiryioii-. inr mind.
 

;rnal, y th e irst equireinnit i- io determie whether in
prov'ed pa, tsrt4 dr nded ai ill and this decision is particular
ly relevanit !i -. ir .lv- prouict ion_ If areasis. extensive 

of land an, av. i le,, it is oh t- miMen econaonical to cortemiplate
 
nor i r c IiiiW- iof land; stock he carn , i. oin lore mF-o cair 

ried i in a ai '.w W ing 4pent. l,_velop'uent tier se. car
inn This 

also have n'Il 4 ; 0i> li n ves land
i rM n rWwhere owner
ship ih a mlajo n,-d % ',-h). In areas capable of high produc
tion on the othr hin d tWrr oral grazing i probably being ovor
 
stor Phero ii- main will tor highrer levels of
o_. need ho much 
dry matter pr-odition to live a viable enterprise. If these lev
el es to I)-ntr,_-llely higlh be to thereoe e thnr it mrayr rnecessary unit 

legime as pp Jisro-- '->t1 i rr sourc go directly to
t nitrogien irid 
pure gross psture fertilize witi bag nitrogrn. 

Sown pasi r." in TOrM f ivoreod -nituation' on lqrger properties 
eriable more effectiv contio1 f stock. By concentrating them on 
s;iol 1 oru closely managed areoas labor Costs are reduced, impor
tan in ni in wage nitua ions. Sirirlrly, '- less productive 
areas, only store ntly can loroa ly be turred ff. The estab
lishrient of mipsiti orta5 or looune based pasttres iiithese areas 
prlits the c(iir to ie finished to slaughter condition on the 
property. 

Pasture: can is he required fori oiler reasons, especially 
on larger proportiis. On these the unly plantings riray be in the 
bil paddock to rr-e tie bull go out each yer in good condi
tion, in the horse paiddock to reduce feed hills, or as a hospital
paddock, for sick or injured arnimals, to speed tireir recovery. 

Many other uses of pasture are also being contemrplated at 
present. In Antigua, in the Caribbean, waste sludge fron poultry 
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and pigs is spread onto a mixture of grasses, legumes, and sugar 
cane, and the feed for the animals concerned is fitted into a cut
and carry system. This helps to reduce the need to feed costly
imported concentrates in the dry season (Keoghan, pers. comm. 
1979). In Thailand, Verano stylo (Stylosanthes hamata) is sown
 
onto the roadsides and the resultant pastureage used to feed work
ing oxen. In other areas the pelleting of the excess wet season 
legume production for chicken feed is being considered. Such de
velopnents are new and their success or failure is dependent
complex socio-economic conditions. All, however, are dependent

on 

upon the provision of well adapted legumes capable of providing 
biologically fixed nitrogen.
 

INCENTIVES FOR PASTURE DEVELOPMENT
 

On properties that are sufficiently large to provide an ade
quate living for the landholider in the undeveloped or partially
developed stage there may be no great incentive to develop their 
productive potential further. if for community reasons, higher
levels of production are required from such land, then it may be 
necessary to use legislative processes to reduce property size and 
further stimulate pasture development and hence productivity. On 
large holdings, where the planting of improved pa.ture has not yet
become a matter of habit and the landholder is already making a
reasonable living, sown pastures represent an unknown higher risk 
factor which the grazier often prefers to avoid. Sown pastures
take on slowly in such areas. 

It is on smaller holdings, where the incent ive to fully util
ize a sown pasture technology is greatest. that such sowings ex
pand most rapidly. The major restraint here is often ability to 
borrow or generate the necessary finance to undertake the develop
merit and here the provisio of appropriate low interest public
funds can [e the greatest incentive to slpeeding development.

Not only do the landholders have to be convinced of tie prof
itability of pasture improvement before it will be widely accepted
in an area but it is also important that the people who service 
rural industries he convinced. This particularly applies to bank 
managers ana ocher sources of finance as stock andsuch station 
agents and directorates of major pastoral houses. 

All these factors mean that where an adequate technology for 
widespread pasture development has recently evolved it will not be 
widely taken up overnight. Adaptation will be quite a slow pro
cess gaining momentum only as confidence grows in its usefulness 
and profitability. It is important therefore that no mistakes are 
made in the development of tire technology and particularly that no 
premature releases of information to the landholders occur. 
Should the initial innovators suffer reverses due to faulty infor
mation or inadequately tested technology then the final develop
ment of larger areas of sown pasture will be seriously delayed.
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ORDERS OF DEVELOPMENT
 

Where landholdings are large there are several development
 
approaches that can be followed. That which often operated in
 
South Eastern Queensland was to first ensure that all sections of
 
the property wer_- Aud,;uotoly watered so that the livestock could
 
readily graze all available land. Secondly, it ensured that at
 
! as t bas ic fenc iim was erected to provi de scope for livestock
 
n,.3riagoeint arid reIible seyregation of differing classes of stock.
 
Whui these t.'ostages wre Complete the landholders then proceeded 
wiLh retiiuval ot urmectosrry timber speie's ar0d woody weeds, 1eav
irIgadequate timher for rihade ind ftfrie fenicing watr.rials, per
mittin,.] iich greaterO ative gr 3s prodl i10o0 rndtihurefore higher 
carryilni capJcity. It w,i,al) cui.,idered riecessary before Llbse
gnint pistii 'ri, 2Vilo[1I)t Wa atteilptLed. 

it i. nov; knoiii, howavor, tfat wlrer t imbeior is sparse drn of 
in opn savdrmiia typ it ay pos11iYlh to hoVe directly into a 
)t.I',t' dv. IOpHitlltlphirf g,' toe grasslands withjpid ig itoraI 

ilS) tW IlLi tr i thleIri rod i:d I tn1i nru uvP iv valu I Of feed pro
dtp_,-,j ;t (:,I I ilinet, lw o at leisi to narrow 11rc yap
c i] of yeir 


p,1 n, Ii(11fali1 II y fe d
 

lI1:_; I 0i iYL l:lL,l 

S I I l,,..dy .i, :ini<!-d I ?vcls of intensity ol land use will 
vjIr.' Il'Y dtrI)wfldV 1o, Ir io 1irrlate,Ii -o type, and property sizes. 

wi;
1y ,,'i11tit, fi iraI lvl of development Lie determined by tile 
,-l'1i' iv : t I itl v. leiit and tie expected returns inodi
fi . / ,,rio ii i1 fti'.or- hut it i" 1so important to corn
pin ti'e t ,ti v. r'i iriveolv" d this is o.rcialy so areas 
f err 4I, C, iti win r tnt' t-isk is less if l(arge areas are de

Viopt'd 1, i"V.i ,overall productivity thann', of if smaller 
a ,- ' iv,! ' ' p' . Irite0w,iv dtzvlopm,.it is costlyr,, irll l, 

i ,l y i vo !upo]l[)lIi2J ';o n' iit,,b' ni'vil ii] 2 d .'olln K d,: I 
' a ,t;1t Iit, i no trei t r to thl1 :r ilathpoint,e 


i llc(ii 

Kr ',iv~ y, iii i rit so
 
anl on h;til In" ,tiwkr aid l lh to dr'oijht. stresses(. 

a t niloy vi5l'}y, operated 
riir i) I oiL rd0so ',v c in lHie! 'r ra avaiible system 

[t;,ial~l) tF¢t¢% s itl,! t,) (dr'tliJlt,)!w fire . 

ill 'or at iL r I lI ll arfid(ioigtllh pnoll. clo rlitry tile larger
 
il Ci iii n 'Iladv3rita O ir , a) i frOtight. effects. There is
 
iofy te p spn ot isolate,! stor)- Oriolettnd of a
fall igljj 
Iarge pi optrty s, that stock ,ir bf. concentrated within the fa
vored Ira'. Fol lowirg toe storms is "nly pussilble wito smial ler 
holdqings by ll]jIJ esses !Iluch m~lorel'i i! it it pr-c aridis difficult 
to achi ovte. 

THE COSTS IN A PASTJRE SYSTEM 

The costs in a pasture system are diverse and can be consid
erable, especially when a heavy body of timber has to be removed
 

http:dtzvlopm,.it
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to plant the pasture. The basic costs are for seed and fertiliz
er, both purchase and spreading, land preparation, and further
 
fencing and watering.


Seed costs are a function of the anount produced per unit
 
area and its ease of harvesting, handling, and cleaning. They are
 
usually lessened as a c-.tivar becomes more widely used. At this
 
stage it is produced as a sideline on general grazing areas,

whereas in the early stages specialist seed producers handle its

production. The perfection required in the seed 
bed influences
 
its cost. Weed fre, fine, firm seed beds are expensive, but some
 
very productive plants di not readily tolerate shoddy, ill pre
pared seedbeds. On the other hand plants for axtensive pastures

need to naturalize from sparse initial establishments in a rudi
mentary seedbed. Simil irly seeding rate and so total seed cost is
 
a function of the estL lishment potential of the pasture compo
nents and the quality and density required in the seedling stand.
 

Fer ilizer costs revolve around both estahlishment and main
tenance applications 3nd the rates and types required. They are
 
essentially related to soil type but it isbeing found that Styl
santhes spp. can be grown with less than normal phosphatic fertil
izer applications.
 

The degree of initial land development is also an important

cost. It is much cheaper to establish p4ures on old crop land
 
or open grazing areas, providing there isno weed problem, than is

the case if the original timber has to be removed first. The size

and density of this timber also influences the development cost.
Uense stands of fine-stemmed timber can often be burnt as they lay 
on the ground following pulling. This is the case with brigalew
and gidgee, whereas in most eucalypt forests, it is necessary to 
burn the timber in windrows and to rework these periodically dur
ing burning to get complete burning of all sticks and logs.

The total area of pasture available at a given time and that
 
potentially available will often determine how an area is used.
 
Often little impact on productivity is seen until a min;mal area
 
per livestock unit is available. On the dairy farms of the near

north coast of southeast Queensland there appears to be a thresh
old area of about one hectare per cow before sown legume pastures

become effective and stable. The viny legumes, Siratro (Macrop
tilium atropurpureum) and Greenleaf desmodium (Desmodium intortum)
 
are unstabTe a-naTsusceptible to overgrazing in stress perios be
low this threshold.
 

The selected management system to be used also affects the 
cost of pastures. A sophisticated rotational grazing system re

rires much greater expenditure of fencing and watering than does 
,ne large set stocked paddock normally used under extensive sys
ems.
 

Distance from service centers and the quality of the trans
port system is also important. If seed and Fertilizer brought on
to the property and stock for market have to be transported long
distances over bad roads, substantial differences are made to 
profitabilities. Robinson and Sing (1975) calculated that in 
North Queensland, considering the then existing prices (1975) and
 
fertilizer recommendations for Townsville stylo (Stylosanthes hu
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mills) about 400 kinfrom the port of Cairns was the maximum likely
dTstpnce at which it would be profitable to develop P:vtures based 
on Townsville stylo. Upgrading the road system in the Cape York 
Peninsula area to "Beef Road" standard, i.e. the main roads to a 
sealed road, would extend this profitability to 700 km by road 
from Cairns, other costs remaining the same. This extra 300 km 
radius could have lead to more favorable development on an extra 
1/2 million km of land or an area twice as large as the United 
Kingdom. Reducing the amount of maintenance fertilizer by 25 per
cent with the then existing (1975) road system increased the lim
its of profitability from Cairns by 160 km to about 550 km.
 

FERTILIZER COSTS
 

On less fertile soils the major long term cost in the use of 
sown pastures can be the fertilizer costs. If we awe to ensure 
adequate legume and pasture growth and healthy animals which breed 
and grow well, there must be adequate levels of minerals in the 
ecosystem. This can be achieved in several ways. Fertilizer can 
be added to the soil and from there to the plants and animals, or 
the minerals can be provided directly to tie animals as supple
men t. 

In extensive situations it may be more economic to seek 
plants witn lower mineral requirements for growth, Stylosanthes
low phosphate requirements being an example, and supplement the 
animals with the deficient minerals. It might even be effective 
to have the plants operating at suboptimum levels over large areas 
than growing well over smaller areas. Most early fertilizer re
search was aimed at determining levelI, required for optimum
growth. Over recent years the mphasis las tended to be on low 
input fertilizer systems, but much has yet to be done before all 
the answers are known.
 

In Australia, at least, nitrogen is probably the most expen
sive nutrient to apply and is often the one most widely limiting 
pasture performance. We have seen how legumes can be used to pro
vide this nitrcyen and at the same time, themselves provide valua
ble animal feed. In very intensive production systems however, it 
may be necessary to go to a grass/bag nitrogen system to get maxi
mum animal product per unit area. 

That legumes can however, make a substantial contribution to 
the nitrogen supply in farming systems is illustrated by Donald 
(1960) 'ho estimated that sown pastures in southern Australia were 
addinu in the order of 1,000,000 tons of nitrogen per annum to the 
soil. By 1970 Williams and Andrew (1970) estimated this to be 
1,500,000 tons aue mainly to increased areas planted and worth, at 
this stage, $300,000,000 in equivalent nitrogen fertilizers. These
 
figures, and especially the value, would be substanti-lly expanded
 
with the steep increases of recent years in nitrogen fertilizer
 
prices.
 

There are ,many nitrogen deficient soils in the tropics. The
 
"cerrados" of South America represent 
one such type. These soils 
occupy an area of just under 2 mill ion km and to use them inten
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sively for ariculture would require applications of about 100 kg-
 -
nitrogen ha annum , requiring about 40 percent of the world's
 
current output of nitrogenous fertilizer (Dobereiner, 1978). It
 seems likely that adapted pasture legumes can be found for such
situations; some with yields over 15 t ha- 1
1 annum- . Clearly,

therefore, the search for 
adapted legumes and the relevant tech
nology to go with them is vitally important.


As with other fertilizers nitrogen fertilized grass pastures

may have a role to play at suboptimum levels of fertilizer appli
cation and as only part of an overall system. Teitzel et al.
(1974) advocated a stress .el ief system for the legume/grass pas
tures on the wet tropical coast of North Queensland in which one
 
quarter of the sown pasture area isstoloniferous grass/bag nitro
gen and the remainder legume/grass and the nitrogen is only ap
plied during winter/spring seasons and the grass areas used 
to

take extra grazing when legume growth is slow. 

CONCLUSIONS
 

It isdifficult to sensibly project finance into many tropi
cal sitJations because lack of understanding of all the implica
tions of such actions. The use of adapted pasture legumes in a 
farming system is one method of injecting biologically fixed nitrogen into that system. Such a nitrogen input can result in in
creased animal production and can be used to sustain crop growth.
Its monetary value can be extremely large.


It seems that such an approach would be of particular valueindeveloping countries; certainly once the relevant legumes have

been domesticated, it would produce a cheap, long lasting benefi
cial effect. It is, however, extremely difficult to transfertechnology from one area to another evenor to choose objectives
which are socially and economically acceptable by the recipient
 
area. In this section we have done little more than highlight

some of the more practical considerations inherent in pasture de
velopment.
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7 
A Multidisciplinary Approach
 
to Tropical Pasture Improvement
 
W. T. Williams 
R. L. Burt 

INTRODUCTION
 

In earlier sections of this publication, there are examples 
of how the provision of well adapted pasture plants can be of ma
jor agronomic and economic significance. Stylosanthes hamata cv. 
Verano is one such plant; its ability to grow and fix ni-trogen in 
dry tropical areas makes it possible to utilize huge areas of land
 
which were previously of very little value. Few people realize, 
however, that S. hamata had been introduced into Australia many 
years previously, in 1944. Tiis earlier introduction had excited
 
little interest, presumably because its performance had been un
satisfactory. With the benefit of hindsight, it is believed that
 
this failure was predictable. The plant concerned had been intro
duced from a subtropical zone and one in which it is likely to 
have been found on alkaline soils. It was tested on acid soils in
 
more tropical regions; almost certainly it would have failed to 
nodulate satisfactorily under such conditions.
 

This is one of numerous examples which can be quoted to il
lustrate the need for a multi-disciplinary approach to the ratio
nal utilization of genetic resources. Had researchers appreciated

the significance of the climatic ano edaphic origin of the plant 
concerned, interest in S. hamata could have been aroused over 30
 
years ago. The same is true for many other species. One may ap
preciate, however, that it is logistically impossible to investi
gate every aspect of every introduction. Even a relatively simple
operation, for instance the screening of collections for their 
rhizobial response patterns, would demand resources which are sim
ply not dvailable. Nor can it be expected that all relevant re
search will be carried out in one institute, or one country, or 
even at one time. Indeed there are many good reasons why this 
should not be so. Researchers are thus faced with a colossal dil
emma: the need to produce information which will allow persons at 
present unknown, in disciplines with which the individual may not 
be familiar, to cooperate and coordinate with others.
 

The solution is that adopted by the taxonomists and described 
by Fosberg (1972). The investigator must attempt to use the in
formation available to produce a biological framework on which in
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vestigators can 'hang' relevant information from elsewhere. In 
this way, all relevant info, iation can be coordinated dnd used to 
give a better understanding of the plants concerned. This body of 
knowledge can then sensibly be used to choose strategic areas of
 
research in which the limited resources available can be most 
gainfully employed.
 

Such an approach has two prerequisites. First, since the in
vestigator is interested in plants adapted to a wide range of cli
mates and soils, it is axiomatic that the initial data base refer 
to a wide spectrum of plant material. Such a base can only be ob
tained from the early stages of work with plant collections, be
fore the accessions which fail to impress the researcher in the 
area in question are shelved. One night refer to this as "genetic 
resource data". Secondly, one must ensure that the relevant in
formation is made available in some suitable format. 

The complete processing of any set of genetic resources data 
can involve any or all of six processes; of these six, three are 
(or should be) obligatory, and three are optional. The obligatory
 
processes are collection, organization, and storage; the optional
 
processes are publication, retrieval, and analysis. This chapter
 
is primarily concerned with analysis, sincee t is this aspect

which has been most neglected in the past and is yet essential for 
the provision of 'biological frameworks.' Moreover, computational

methods appropriate for the analysis of such data are mostly of 
recent origin and are still not widely known. Nevertheless, the
 
optional processes depend for their success on the satisfactory

completion of their obligatory forerunners, a brief consideration 
of which istherefore necessary.
 

THE OBLIGATORY PPACESSES
 

Collection
 

The collection of genetic resource data differs from that in 
the experimental sciences in that it is widely spread over space
and time, and usually involves a number of observers. Plant coi
lection in the field is largely confined to the accumulation of 
physical materials, such as seeds and soil samples, from which 
pertinent data must later be extracted. It is true that limited 
information concerning the distribution and morphology of plants 
and soils can, and should, be collected in situ; the morphological

and ag-onomic data which together are the heart of a useful data
 
bank must be obtained later, from observations in quarantine
 
glasshouses or field experiments. Mineral content of soils must
 
be determined in a laboratory, not necessarily that which has
 
sponsored the expedition; this is equally true of attributes of
 
specialized interest, such as rhizobial requirements of legumes,
 
or phytochemical data such as quinones, terpenes, or seed pro
teins. Information on disease resistance, if it is obtained at
 
all, is likely to appear much later, after an accession has been
 
widely grown. A particularly interesting case is that of cli
mate. Broad climatic information can be, and often is, obtained
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from published meteorological records prior to the expedition; but
 
most collecting areas are poorly supplied with weather-stations,
 
and the possibility of the existence of local unpublished records
 
must always be kept inmind.
 

Perhaps the most important feature of collection is that it 
should avoid bids. Collecting expeditions, involving as they do,
 
trained personnel and considerable expense, are nnt undertaken
 
lightly. A collector may himself only be interested in plants for
 
a specialized or restricted environment; but this does not absolve 
him from collecting material; and data which might be of value to 
others.
 

Organ iz at ions 

It is all too easy for the main mass of morphological
agronomic data to be held in one laboratory, and the more special
ized des-riptors to be recorded in one or more laboratories else
where. A worker new to the field may then he unaware that subsid
iary data sets exist. deall, all data concerning a single ac
cession should be together in one--lace. The world data banks for 
major crop plants already approach this ideal; but for forage 
plants the Situation is far less satisfactory, with many scattered 
and unorganized data sets. 

Early plant-col ectiri records were stored in manuscript. 
Manuscript tables, however, are easily lost or mislaid, difficult 
to retrieve, and with the passing of years may become indecipher
able. Edg-punched cards had a brief vogue, but the mechanical 
difficulties of handling them are so great that they are now sel
dam used. For a considerable time, therefore, center-punched 80
column cards were used, and many data banks still exist only in 
this form. Such cards, however, unless stored under very strin
gent conditions, are far from imrortal; a card misplaced or lost 
can be disastrous in retrieval or analysis. It seems likely, 
therefore, that storage in the future will be on magnetic tape, or 
disks, or such other storage media as may supersede even these. 
It is then essential that the data be fully documented; even the 
most carelully prepared magnetic tape is useless if the nature of 
tile data it carries is unknown. 

THE OPTIONAL PROC(ESSES 

Publ ication
 

If dita are not published in some form, a worker new to the 
field cannot know that they oxist, and they might as well ,not have 
been racorded. For small data sets conventional publication on 
paper is practicable, as has been done for the CSIRO Stylosanthes 
collection. For world-scale data sets this type of publication is 
hardly practicable, though it has been nearly achieved for major 
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crop plants such as 
Vigna. However, data storage on 
a medium such
as magnetic tape can be regarded as publication if copies of thetape can be made accessible to interested workers. All that isthen necessary is to 
ensure 
that the nature of 
the contents of
tape is published in conventional the 
forI SO that its existence is 

widely known.
 

Retrieval
 

We do not propose to withdeal retrieval here. Retrievalalways represents an attempt to obtain the answer to a specificquestion, a matter of immediate importance to the enquirer. Coinputational systems datafor base management and efficient retrieval have reached a high degree of efficiency, although difficultiesstill occur because of the existence of rival systems. 

AnalIys 

By 'manlysis' is theleant elucioation of some simpler structure or pattern in a large and visually intractable set of data.It is not concerned, as is retrieval, with the toanswer specificquestions; nor is it concerned, as is statistical analysis, with 
testing a specifc hypothesis. 
eses which might later 

Its purpose is to generate hypothbe ,meahle to or toquestion test, suggest specificwich it might b' profitable to answer. Its own answersare not unique; as MacKay (1969) has pointed out., no set of datapossesses an inherently unique pattern. There is only what he hascalled a pALtern-for-ani-agent, a pattern which is profitable for aparLicullr user. Fortunately, most workers in the field of genetic reso urc, have suhstaritially similar interests; as a result,so-called 'generl purposie' elucidatory programs have proved widely useful. TeInajor curreint difficulty concern ing such programsis that toe most powerful of tnem are still only practicablerelatively small data sets. Nny of them are coputationally 
for 
impracticate or proh ibitively expensive


access for more than a few hundred
ores however, with the ever-increa;ing speed of modern comput.rK, e iay reasonably 'xpectt that this restriction will gradu
ally be 1i10d. 

lhier e ir, t . A decade ago there were few
furtheodfficul. 


programs amywhere tnh
i wrld suitable for this type of work; nowthere rn ,.vraal, mOS whichof provide a number of alternativeoptions. 'n newcomer's main difficulty now is to choose, fromamong the many 'patterr analysis' approaches available to him,that method most likely to be useful in his specific case. In thesections which follow, we summarize the main options available andprovide examples illustrating the type of information they can 
provide. 
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THE METHODS OF ANALYSIS
 

The Basic Stratejes
 

one nay assiw- the existence of a data set representing a 
number at plant. acess ions (which in numerical works would be 
Cal II' 1 d 1 (1 u IU ' Ue t.t or ')perational taxonomic units') 
dtI ild )y nrlI or"e i)re s.ets i descriptors (often called ':ttrib
uteL ,' le lil]Ilyti,- I ipprrarh11 c the be reglarded as aepending 
0i ,; c Iiri: rit :rhutit exclus ive, since Imoreit al ly 


i,.
t.ii, Ou)nmily<J,, ',yIV ' ilir t For- a single set of descrip
tir, tt, first decislon is w.tr , tratuiy is to be normal or" 
inLrs . hi- - YOr, it it onl-siipier- yI i " 1 configuration 
- -trw ial.' 5', 90, ,-li K i i' . )ughi. tOi d,0.cril)tors do not appear
ill it rt, 11 t , h rltit III ftora it iay [) pos ible to explore 
t-, r. latii iirporfart'. ii idual in detining theI r d(-criptur 
e~ntigur at ilo bta i r r inv,,r , oi flysis isr s the data set 

ri - ftc t transpo e.! 11dh Ie c rif guiition so uglt is that of the 
d,',f-rilitor s liiis'l '. hui Jh i preseilt ntrioproblems. The 
wciitd dr i mifl rwr ',,r..surt to classification, which asis on wn~11 

"tr li1th- data ,t i.1 ,, uit ic , -)r tr f-t-ion, which aSSuIes 

it to beo cot iniloIIoIi i o1y * . II, 1l , hath iiiportaitTh is r i 


Itd Ii1111 itI " , i.1 r'e, iIr't u 'id- t.Liun.
n. rtrirr 

Iis 1i Cat ioil 

Ti 1 'it I 1 i i . r prp'. rali is equivalent to.s ',)wp,it.t:r 


po<;tijl.it l ii t ta, aretha, i <. 7 ci' which to 
i id,:itlfiedf i i l < b It must be realized4tici:-intly a,, p . 
11-d, , n it tile dat,i '," I. souita tially continuous, a classi
fic~ilctry stratogy will .iil- iit ih t )f 3 had job' and fittd the 

c:5k ilr p l] oil )ts thriI,it ct:. nlItaiy requiret i ore')v,"r, programls 
t! i,er to m heil( hr'. r of qroc1pS Ie expicts, andadvony t limtli 

s the hIIL L : it assessingt. il uilUIor 01 !i f . *, or ittwis1 for tire op
t nui num11ther of yiroui)i, ind olii lsui rrig that '-alldol dat a are Iot 
siubdivided, are h ip n1 I. ein huttp.aare not yet generally 
ava i able. 

CIa sif ic.Atiur I, ,II lo tuo, the obtained1t- iq r ,nd r sults de
pen'd lir /til th ili 11,1,ii a st ratgy tlployed than on the data 
tt,;'iselv ,s. G ,rt t-,iLic typic aI ly mixed attributeu s ,a tave 
types, whici 1i its 10, I utIl er jf iIter oaft ive programs available, 
f)'it eVii h-'r a v a I o t ) 

,tr ;t1, ji.'s 1 available, a detailed 
,
h,i<IcmS ion i wii t i eyond tle scojp(, of .his chapter. The main 

Jisdvartage i that prov ides inforiatioiy assi f icat iio is - no 
oililtra-group stiI't Jr--e.g., whet.her a (liven acrcession is cen
tral or p r a] ii its ir'oout--aid prcvides or illle,_ri it little no 
fo'rillatiin Colct relat iriship groups. Neverthel ess,1irngthe llionrg 
it is of ten a conven rent )tart inl paint and is still the onl y cort
putational ly pI 'ticahlosolt ion for very large dat.a sets.rac 


'Algoritlns- -A set of we] 1-defined rules for' the solut ion of a 
probl ei iina finite iitiber of steps. 

http:po<;tijl.it
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Ordination
 

There are now three main techniques of ordination. The first
 
is principal co-ordinate analysis (Gower, 1966) which assumes 
that
 
the data set could have been generated by the linear combination 
of a small number of underlying 'factors.' Unfortunately, genetic
 
resource data usually contain discontinuities or non-linear rela
tionships or both. The result is that the first 
few Gower vectors
 
extract only an unacceptably small proportion of the variance in
the data matrix. It has, therefore, largely been superseded by
the minirnum spann in tree (MST). This MST has the advantage that 
it p-ovides a visua sumiary of .1l tire individual accessions,
though it gives little or no indication as to where tire data are 
to he subdivided if this is considered desirable. Moreover, the
information it displays is Wiited. If we consider three acces
sions in linear sequence ol the tree A--B-C, the distances AB and 
1C are known, but AC is not, except by appeal to the original
inter-accession distance matrix. Again, methods of overcoing
this difficulty exist in the iiterature, but are computationally 
cumbersome and not easily available. Recently, therefore, a net
work technique has been devised, which uses both first and second,
and sometimes higher, nearest neighbors, this has the great ad
vantage that it displays a configuration consisting of islands of 
strongly-bonded continuous var-iat ion linked by weak thatbonds 
represent discontinuities.
 

A Coiiparative Example of 'Normal' Analysis. 

In this section the results from three types of analysis, all 
on the same ddLa s t, are preseuted iud colpared so as to show the 
value and limitations of each. The current data set comes from a 
set of SLylosanthes accessions, newly introduced from Brazil and
Venezuel a- Little was known about the accessions concerned, or
the specre fromm whicih they Came, aid even the taxonomic status of 
one was in doubt. The first requirement was to obtain a synoptic

view of the variation Iresent and of tire relationships anong the
various accessious. The reasnns fnr settinq these objectives have 
been detailed elsewhere (Burt et al., 1971). Included in these is 
the neeid to nominate duplicate--Wirodiuctions and to be able to
communicate to others ire 'type' of plant encountered (as shown by
Krull and drlaug (1970.), failure to carry out the latter negates
the value of pl ant introduction proyrams). Accordingly, the 
plant s were grown ir a spaced-p ant field experiment, togetherwith 'standard' access ions for comparat ive purposes, alui various


umorpholuyindal' and 'agronomic' characterisL ics 
 measured. The 
morphological information, readily available from pressed speci
mens, is not a usual requirement in this type of work and we shal1 
return to its value at a later stage. The resultant data set was 
then subjected to three types of analysis. 

The miininum spanni nq tree (MST). Tire results fromi the 
minimum spainnTinq tree ;IST) analysis are presented in Figure 7.1 
-(afterTert acFTTams, 1979). Here tile distance between neigh
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Figure 7.1. 	 Minimum spanning tree for Stylosanthes. (open circles, S. humilis; closed circles, S.
 
hamata; solid triangles, S. sp. aff hamata; solid squares, S. scabra; open squares, S.
 
viscosa; S, S. subsericea. Zones A to E are considered further in Figure 7.2. For
 
meaingi of '-a',
see text.)
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boring accessions 
is a measure of their overall morphologicalagronomic similarity. It is immediately obvious that the variousspecies tended to separate fron each other, even though no attempthad been made to include 'taxonomic' cnaracteristics in the analy
sis; indeed 'key' attributes, such as the length of the axis rudiment, were not included. The species, moreover, were arranged ina sequence which is biologically meaningful; we pass from the annual S. humilis to the weakly perennijl S. hamnata to the strongperen ialdoju7 
 inS. viscosa and S. scaS-ra. A-gronomically thisrepresents a trend Uoin plants witF no ab-lTity to stay green inthe dry season through to those which tend to do so. There are,
however, no strong discontinuities between the 
species, S. hamata
tending to overlap with S. humilis on one side and S. scabra onthe other. Whereas the -esuTts tend to support the taxononc delineations of the species, such distinctions are not as clear as one might wish. Nor can one accept that the high order distinction between S. hamata an(d S. humilis (placed in separate taxonomic subsections) is a sefu-gFde to the overall similarities andagronomic characteristics of the species. It is relevant to notehere that this may not be a typical situation. Where similar workhos been carried out with other genera (Burt and Williams, 1979)
there are clearer distinctions between the species.

ItLis now possible to 'hang: other information onto thisframework, and thii is illustrated primarily by reference to S.hamata. The S. hamata accessions marked 'a' on the figure are, as-ftaras is known,7iTT-diploid, form effective rhizobial associations only with bacteria from alkaline soils and were collectedfrom alkaline soils, usually in the Caribbean Islands. The onlyaccession so far studied is daylength neutral. The remaining S.hamata accessions were tetraploids, which tended to form effective
assoc-ations with rhizobia from both acid and alkaline soils andwhich were collected from acid soils. The one accession studied was a quantitative short-day plant. The two sets of accessions
differed in morphological and ajronomic characteristics; this will
be docuumented subsequently. We now have a much better 'picture'
of the plants concerned.
 

It is also of interest to consider the relationship between
S. hamata and its neighboring species. On the left (Figure 7.1)we Tind that S. hamata 'merges' into S. humi is, which is diploid,found on acid soils in sub-coastal Venezuela, accepts rhizobiafrom acid soils and is an obl igate short-day plant. It is plausible, therefore, that the tetraploid S. hamata, from coastal Venezuela, is a hybrid arisiny from Venzue-l-anS. humilis and Caribbean S. hamata (Date et al., 1979).
To the right of S. hamata is S. scabra (Figure 7.1). Thespecies are linked by a plant designated S. sp. aff. hamata. Thisplant is a woody perennial, very similar to S. scabra, and quiteunlike the herbaceous S. hamata; taxonomic identication has,however, placed it with the latter species. It is tetrapoid andoccurs in sub-coastal Bazil; S. hamata, probably introduced fromthe Caribbean, is found on the codst. Again the possibility ofhybridization cannot be discounted; certainly it occurs when pre.viously isolated species are brought together (see, for instance. 
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Verdcourt, 1970).

This approach has raised a hypothesis which merits genetical


investigation; it has aided the sensible selection of this objc.
tive and defined the material which should be used in such an ir.
vestigation. Moreover, from the results of isozyie 2 studies, it
 
would seem that this hypothesis iscorrect.
 

Network analysis. Another useful type of framework is that
 
provided by the netork analysis. In Figure 7.2 the collection
 
splits into 12 weakly linked groups (weak, intermediate and strong
linkages being shown by dotted, single and double lines, respec
tively). The general configuration of the collection has remained 
unaltered (compare Figure 7.1 with Figure 7.2) with S. humilis 
being linked through S. hamata to S. scabra and so on. TInmany 
cases the individual groups contain the same accessions, placed in 
the same order and with the same accession noted as being most 
similar (close spacing on the IST being equated with double bonds 
on the network). It is, i,owever, informative to consider briefly 
the differences in configuration and groupings between the analy
ses.
 

Most of the differences in groupings were small and would 
have little or no effect on the interpretation of the biology of 
the system. Orle of the major differences concerns the widely 
placed accession marked a' in group B of Figure 7.1. The network 
analysis places this in a separate group (IV of Figure 7.2) but 
even this major change simply re-emphasizes the distinctive nature 
of accession a'. Major changes in configuration are also primari
ly corcered with tire three accessions placed in the latter group 

our initial reaction is to distrust this grouping, largely 

because it contains three name( species. Examirination of the raw 
data, however, indicate, that the analysis has really drawn to our 
atLention marked similarities which we would normally overlook. 
The two tightly linked members of this group (placed close togeth
er on the MSF, in group F in Figure 7.1) consist of an accession 
of S. viscosa and one of S. scabra. They are quite different from 
other accessions of these species; the S. viscosa accession, is, 
for example, only slightly viscid, is late flowering and has rela
tively large ;eed, therefore resembling the S. scabra accession 
and, in 22 of the 29 non-numerical characteristics available for 
comparison, is identical. It is the remaining attributes, primar
ily those related to the very characteristic seed of S. viscosa, 
which tend to make on,, intuitively separate these two accessions, 
and places them in different species. The third member of the 
group, the accession of S. hamata labelled 'a', is rire weakly 
linked to themn than they are to each other. It shows many simi
larities with the diploid S. hamata accession of group V but dif
fers from them in minor morphological characteristics and in its 
late flowering habit and associated features such as late seeding; 
the latter characteristic causes it to resemble the S. scabra ac
cession. It is probably better placed with the otlier--,hamata 

lsozyme-an elect lphoretically distinct form of an enzyiie.
 
2
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Figure 7.2. 
 Network analysis of a Stylosanthes collection. 
 (1)pen circles, S. humilis; closed 
circles, S. hamata; solid triangles, S. sp. aff hamanta; solid squares, .scabra; open
squares, 
S. viscosa; S, S. subsericea. Weak,tT~mediate and strong bonds 
shown by

dashed, sTngTe and double lines respectively.)
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accessions, in the terminal position found on the MST.
 
The major changes in configuration are concerned with this 

trio of accession. In the MST their distinctive nature is recog
nized hy their terminal, isolated placement. In the network, how
ever, each individual of the group is used as a link to relevant 
species, S. hamata to S. hamata, S. scabra to S. scabra, and S. 
viscosa to- S. viscosa. This does not imply that the group per se 
is central as T--would on the iST. 

It is decided to refrain from interpreting the biological 
significance of the network; clearly it closely resembles that ob
tained from the MST. The choice of the method to be used obvious
1y depends upon the reeds and preferences of the user. Further 
refinem_-nts of these methodolugies are currently under investiga
tion, 

Classification. When classification is the first, or only,
method of analysis to he used, it isusually necessary to nominate 

ttao oumiber of groups o he olLained. For the current samplt tie 
choice was group S and tii, resultait hierarchy is presented in 
Figure 7.3. \liiough uch hierarchiesi re assmbled in an ascend
irig fash ion it is read Lheiiru In t.he top downwards as 

The first dic hotomy (I) separates all accessions of S. humil
is and all but one of the S. h rmata's from the perennial-species. 
From the associated ir oUram GROUPER we find that the former have 
higher dry umatter yields (mean values of 451 nd 165 g/plant for 
th two sides of the hiurarhy); are poo'ly persistent; have hair

i aflet s and noS with longer bePks (3.2 and 1.6 .7-1), etc. 
NeXt (i1)MoWr of the S. visr sa accessions are separated from the 
otler per,:nnialn; tne - ha_,i,-_amhara terist ically 'square' shaped 
seed, slirter maitn stems, stipule arid pods, and individual seeds 
of low weight (1.01 and .31 mg). Nw for (I1), all but one of 
the S. HiYity, Icession, are reioved; they flower at shorter day
lengths, t r ibristles, high nurlber of arisinternod i branches 
ing frolithe crown, etc. This proicess iS contilued, the agrornomic 
infor at ion reLiiforcito the rorphological. It is now possible to 
uti l ize such i nfrmtion to prv ide greral purpose descript iois 
of the coup, inldtihese carn er used to coivey informat ion to those 
inter.t- d i, li t I runfa il iar with, the :ol lection. Agronomic 
'ii de ofI by is interest here. Often however, one should not 
l,-lect morphoIn ical information; it can be equally important. 
In tylosanth , seed color, a characteristic of little interest 
tW ni t agro ,ii ts, is a valuable 'marker' characteristic for the 
olant breeder, and ie mist he made aware that it exists, in wiaich 
accession it. helongy and which characteristics are usually associ
ated with it; tter iharacteristics Nay be ,related to agronomic 
characters (hairy leaves iiay confer a 'lateral' resistance to 
insect-borne diseases) and ac. easily measured. Perhaps tihe best 
example to il us trdate the value of ior'phological data concerns the 
CUltivar Verario. Many initially rega,'ded thr is plant as simply a 
vigorous accession of S. humilis; subsequently it was placed with 
other accessions of S. hamata. It was an atypical member of this 
group, however, in thaf-t had elongate seeds, pale pods, and a 
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-	 _1 10 Group 

1 2 3 4 5 6 7 8 9 10Group No. 
All 4 AliI Sca 12 coo1 Vis 8 Vis I Sub I Ham 5 Ham 10 Ham I 
Sco 1 Sco9 HamI Hom4 Hum8 
Vis 2 Sa9 Vis I Hum 1 

6 10 12 3 8 1 6 5 10 9 

Figure 7.3. 	 Classificatory hierarchy of a Stylosanthes collection 
at the 8 and I0 group level. (aff, S. sp. aff hamata; 
ham, S. hamata; hum, S. humilis; sca, S. scabra; sub, 
S. su-UserTicea; vis, S7 vlscosa. Groups are numbered 
I to 10 and number and species content of each group
is shown. Dichotomies are numbered I to IX.) 

semi-erect iabit (BurL et al., 1971). Without tihe morphological
information it is quite posible that another member of this group 
woild have repla:ed this accession in sward trials, performed
poorly (as they did) and the potential of Verano would have gone 
unnot iced.
 

The groupings of the accessions closely resembled those ob
tained from the MST (the trio of th network group VI again being 
problematical). It was clear, howe, . that further divisi., was 
necessary and dichotomies VIII and IX were made (Figure 7.3). The
 
diploid S. hamata accessions were separated from the remainder(Group 7)and tile network group VI members from the morospecific 
group 3. Group 2 probably also warrants subdivision (it occurs in
 
two different zones on the MST). When used alone the absence of a
 
'stopping' rule can cause some problems as mentioned earlier. 
Another problem is associated with configuration; from the hiprar
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chy we cannot describe for instance, whether the S. viscosa acces
sions in group 5 and 6 are most like the predomThlantlyS. scabra 
accessions in groups 1 and 2 or those in 3 and 4. Nor can one 
determine the position of an accession within a group; it is not 
apparent, for instance, that one of the S. hamata accessions in
 
group 10 (Figure 7.3) is peripherally pla-ced--a'of Figures 7.1 
and 7.2). This seriously limits one's ability to biologically
interpret continuously varying plant collections. If, however,

this does not occur (evident from the MST or network analysis), 
then classification may still be appropriate.


Genetic resource data carl be analyzed and presented in such a 
way as to provide a useful, workable framework on which data from 
other sources can sensibly be arranged. 

THE USE OF DFRIVED UATA 

Although the basic date set may consist of accession x des
criptors, further information may exist which enables the acces
sions to be grouped in some way, and the configuration of the re
sulting groups then explored by any of the previous methods. A 
single example is presented here and the reader can visualize 
other circumstances in which such methods could be utilized. 

This example i.oconcerned with work stimulated by that des
cribed previously. It isbased on a collection of S. hamata which 
is believed to be representative of the species and the objective 
was to explore the relationships between populations from differ
ent geographical areas. As already seen, however, S. hamata is a
'wide' species, with some forms being iore similar to other species
than they are to each other. Where such species occurred in areas 
from which S. hamnata had been collected, therefore, repiesenta
tives of these species were incl'm'ed in our collection. To this 
were added 'off-types,' plants which had arisen in evaluation or 
seed production plots, in which S. hamata had been grown. The 
entire collection comprised some 226 accessions, 171 of S. hamata 
and 4 of S. sp. aff. hamata, 26 of S. humilis, 4 of S. su-bseF-rcea,
8 of S. s-ynpodialis, of a-i-oS. 1 of3 each S. calc and scabra,
S. mnexicana and 6 'off-types' (Fcluding one known S. hum-ilis x S. 
hFamata hybrid. IorphoIogical , agronomnic and taxonomic data were 
also recorded. 

It was first necessary to define the geographical areas which 
we wished to compare. Details of the procedure adopted are pre
sented elsewhere (Williams et al., 1980b); briefly it involved the
recognition of disjunct areas T-r S. hamata together with the wid
er floristic affinities noted by Howard (1973). Table 7.1 lists 
the areas 'ecognized and the species found in each; Figure 7.4a 
shows their location. The similarities between the plant popula
tions from these areas can now be investigated using a network 
analysis (Figure 7.4b.).


It is at once apparent that these areas have been split into 
4 groups and that these ire very largely geographically based 
(Figure 7.4a). Quite remarkably the Caribbean Islands have been 
divided into two zones, and each linked to eithe" coastal South 
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TABLE 7.1
 
The Origin of Stylosanthes Species Used in the Experiment
 

Origin 


1. Florida 


2. Bahamas 

3. Cuba 

4. Dominican Republic 


5. Puerto Rico 

6. Antigua 

7. Berbuda 

8. Nevis 

9. Guadeloupe 

10. 	 St. Lucia 

11. 	 Margarita 

12. 	 Curacao 

13. 	 Paraguana 


14. 	 Maracaiho 

15. 	 Baranquilia/Santa Marta 


16. 	 Panama/Costa Rica/Honduras/ 

Guatemala/Southern Mexico 


17. 	 Barinas/Barquisimeto/Calobozo 


18. 	 Eciador 

19. 	 Australian "off types" 

20. 	 Australia 

21. 	 The Yucatan Peninsula 


22. 	 Brazil 


23. 	 Villavicencio 


Species No.
 

S. hamata 23
 
-. calcicola 1
 
S. hamata 1
 
S. hamata 3
 
-.hamata 2
 
S. humilis 1
 
-.1Tam-l- 1
 
1. Fa1tia 57
 
S. hamata 10
 
S. hamata 15
 
-.hamata 2
 
S. hamata 3
 
-. -hanata 3
 
S. hamata 7
 
S. hamata 4
 
S. umilis 6
 
-. -iamata 15
 
S. hamata 17
 

. Ti11is 7
 
S. scabral 1
 

. exicana I
 
S. subsericea 4
 
S. hamata 4
 
S. humilis 2
 
S.ympodialis 8
 

6
 
S. humilis 2
 
S. calcicola 2
 
-.h iTTI-TT 7
 
-. hamata 3
 
'.s-p.aff. hamata 4
 
-.scabra 3
 
. humilis 1
 

'Introduced as S. hamata but resembles S. scabra (see p. 25 of 
Edye et al., 1974) and S. sp. aff. hamata described previously
(Burr and Williams, 1979). 
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America or southern U.S.A., in precisely the fashion (cf Howard,
 
1973). This would suagest, therefore, that variation within S.
 
hamata is geographically based.
 

This is,not invariably so; the strong linkages beiween areas
 
1/6 (Florida and Antigua) and 20/33 (representing S. humilis ac
cessions f'orn naturalized Australian populations and V7lavicen
cio) are somewhat unexpected. There are probably historical ex
planations for these links. Antigua, for instance, was the main
 
British naval base in the region for many years following its es
tablishment in the 17th century. Movement of troops, and presuma
bly horses and fodder, between Florida and Antigua almost certain
ly occurred when the latter was under British control (1763-1783)
 
or at a later date (1814) when British bares were established in
 
Florida.
 

This network proviJes an elegant visual representation of the
 
way in which variation is distributed within, primarily S. hamata.
 
It is useful in that it allows those interested in the species to 
conceive the position of the material in qhich they are interested 
relative to the whole. Agriculturalists in Florida would not be 
unduly surprised by the failure of Verano (from area 14) in this 
region but may be interested in accessions from Antigua; those in 
Australia, in which the area 14 accessions have proved to be well 
adapted, arid should clearly bias future testing towards accessions 
from area 15. Nor can one ignore the suggestion that the 'off
types' (area 13) have arisen from the related accessions from Bra
zil and Maracaibo. 

Inverse Analyses
 

For many years inverse analyses of data containing mixed at
tribute types, especially if these included rultistate nominals, 
were computationally intractable. The INVER algorithm of Lance 
and Williams (1979) now brings these within reach. Although in
verse classifications have proved useful in such diverse fields as 
terrestrial ecology and social medicine, they have as yet found no 
use with genetic resource data. However, an inverse "minimum 
spanning tree" provides the possibility of ascertaining what rela
tionships, if any, exist between morphological attributes and ag
ronomic attributes such as dry matter yields. 

Analyses of the grass genus Urochloa. To illustrate the ap
pl cation of this analytical method, we decided to work with in
formation from two experimnients concerned with the grass genus Uro
chloa. Suitable data from a leguminous genos are not read-l-y 
available at this time. Like the Stylosaothes collection, the 
Urochloa collection was thought to be agronniTFcally interesting 
but little or nothing was known about thc accessions concerned or 
variation among or within the constituent species. Accordingly, 
two series of experiments were carried out. In the first, the 
collection was grown as spaced plants and agronomic arid morpholog
cal data recorded; in the second, selected accessions were grown 
as small swards over a range. of environments and various agronomic 
features noted. 
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NORTH AMERICA
 

7
 
21 - 8 6 ' 

13 12 U 1 

SOUTH AMERICA 

Figure 7.4a. Geographical areas from which the collection was obtained. (Areas 19 and 20 in Austra
lia not illustrated. For meaning of Roman numerals, 
see text and FigurE 7.4b.)
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Figure 7.4b. 	 Network analysis of plant morphological data. 
(Areab are shown inFigure 7.4a. Roman numerals 
indicate regions nominated (see text). DaI_ 
lines, single 	 lines and double lines indiratr~ ieak, 
intermediary and strong bond strengths respeciv-
ly).
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Revults from the inverse MST analyses of the first data-set
 
are presented in Figure 7.5a (from Williams et al., 
 1980a). For

the sake of brevity, consideration is given o--ny those attributes
 
on, or near 
to, the main axis and the discussion is further limit
ed to their interrelationships with dry matter yield.


Yield labelled 1 in Figure 7.5a, is centrally placed in the

MST; nigh yield is therefore associated with high values for the
 
attribute groups, II,Il and IV and to 
a lesser extent with those
in V. Accessions with high values 
for Group I attributes are low
 
yielding (the latter, hairiness of leaf surface, leaf margin and
 
stem internodes and characteristic of the low yielding U. stoloni
fera accessions). Group IIattributes 
all relate to rl-izome/sto-

Tondevelopment and accessions which 
show high v~lues for these,

together with long stems (Il) are almost always from the species

U. mosambicensis and U. pullulans. The distinction between these

species is often not Taxonomc-alTy accepted. Group IV attributes

contain three which are coincident (two for regrowth after cutting

and one for tiller number) and this is a relationship isexpected.

The remaining attrioute in this group (number of flower heads) is

also of necessity at least partially dependent upon tiller number.

Finally, there are the Group V attributes. These are related to

'size', of leaves, stems, and inflorescence heads, and high values
 
of these almost invariably denote U. bolbodes.
 

It seems, therefore, that under spaced plant conditions, thehigh yield can be obtained in two ways: (a) in U. mosambicensis,
by selecting (or breeding) for rhizome development, long stems,
and high rates of regrowth; and (b) in U. bolbodes, by selecting

for 'big' ch3racteristics, again with hTgh regrowth ability. 
 It

is tempting to suggest that 
a combination of these characteristics

might produce an 
even more superior plant. Such accessions do, in

fact exist; one accession of U. bolbodes exhibited marked 
rhizome

development and one of U. pullulans possessed several of 
the large

size characteristics. -Both, however, were of very low persis
tence.
 

It isgenerally known that it isdifficult to 
select sensibly

both objectives and parents 
for a breeding program. At least part
of the problem occurs because little or nothing is known 
about

which characteristics tend to be relateo. It is plausible 
to be.

lieve that the type of results presented could help to alleviate
 
such difficulties.
 

In the second experiment, yield wds measured under 
regularly

cut sward conditions over a range of environments. Attribute 8,
termed the 'yield ratio' is a measure of the ability of an acces
sion to yield well over a range of environments. Such an ability

is often not predictable from performance rnder spaced plant 
con
ditions. The second analysis vas done 
to determine which attrib
utes, as measured under spaced plant conditions, are most likely

to predict success in the fi'd. The analysis was simnnly re-run
 
for a smaller set of plants and 
the yield ratio attribute was in
included inthe data set.
 

To a very large extent, the configuration of the MST, and the

positions of the various attributes remained unaltered. Only the

relevant part of the MST has therefore been presented (iigure
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Figure 7.5a. Inverse Urochloa tree.
 
(1. dry matter yield; 
2. regrowth two weeks after cutting; 
3. regrowth three weeks after cutting; 
4. tiller number/plant;
 
5. inflorescence number per plant; 
6. internode length; 
7. number of racernes in primary inflorescence; 
8. yield ratio.)
 

Figure 7.5b. Inverse Urochloa tree for reduced set. (Attribute
 
numibering as In Figure 7.5a.) 

7.5b).
 
It is apparent that yield ratio (8) is only poorly related to
 

yield under spaced plant conditions (1). It is much more closely 
related to internode length (6), the two regrowth characteristics
(2 and 3), raceme nuiber (7) and the number of flower heads/plant 

(5). In retrospect, this is re.isonable; the rates or'regrowth and 
internode length reflect the ability to add dry matter after defo
liation and the flowering characteristics would be related to seed 
production and ability of the accession to 'thicken up." Seed 
yielding ability should be measured in future spaced plant work. 

It would be logical to use the tactics employed here to coor
dinate research effort; an institute with an inlerest in a given 



276
 

genus could produce the basic morphological/agronomic data set and
 
another could utilize this, for example, to find characteristics
 
related to their measurements of disease resistance. If such an 
approach is to be successful, then the initial data set must be
sufficiently broad to cope with such a demand. Internode length
(6), a morphological attribute of little significance when one 
question was posed (factors related to yield--Figure 7.5a) was of 
major significance when the question was changed (factors related
 
to yield ratio--Figure 7.5b).
 

Multiple Attribute-Sets
 

it is in this situation that the true multi-disciplinary case 
occurs. For example, a set of Stylosanthes accessions may he 
characterized by norphological-agronomic information, by rhizobial 
responses, by the climate and/or soils of the place of origin, or 
by phyto-chemnical data such as seed proteins obtained from elec
trophoretic study. The problem is essentially canonical and is 
always inverse, in that what is required is some comparison of 
different attribute-sets over the same set of accessions. We can 
distinguish five possible approaches:
 

Simple comparison. The two sets are processed separately and

tire results compared, often visually; as an exaiple, compare Fig
ure 7.6 with Figure 7.4a. Figure 7.4a has beem discussed previ
ously; it is derived from morphological/agronomic information ob
tained from a set of Stylosanthes accessions and is used to ex
plore the relationship between various geographical areas. Figure
7.6 deals with the same plant collection and has the same aim in 
view, but utilizes isozymie banding patterns rather than morpholog
ical/agronomic data (Robinson et al., 1980).

The results obtained from-Thetwo analyses are in substantial 
agreemment. For example both separate the Caribbean Islands into 
two identical groups (I arid Il) and both show an unexpectedly
strong affiliation between Florida and Antigua (areas I and 6).
 
For some purposes at least, it may be possible to replace morpho
logical/agronomic measuremnents with the more simply obtained iso
zyne measrements. There dre, however, differences between the 
two sets of results: the putative hybrids (area 19) appear to be 
most similar to the S. hamata accessions fromi Maracaibo (area 14)
where isozyme data are used ut less so on the basis of morpholog
cal/agronomnic information. It is usually assumed that. isozyme
data more closely reflect the genetic structure of the plants than 
morphological infori ition, but further studies are warranted. 

Canonical cooroinate analysis. This, the most rigorous ap
proach, has occasionally been used (Williams et al., 1973); owing

to the difficulty of meeting the basic assu n-p-ti-s of principal
 
coordinate analysis, it is seldom successful.
 

Single-attribute superimposition. If one takes a set of ac
cessions defined by, e.g. cTT-imtic data, a principal coordinate

analysis of th" data is usually possible. The points on the re
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sulting graph strictly represent the areas from which the aqces
sions were collected but if they are labelled with their taxunomic 
names of the accessions, we are in effect regarding the taxonomic 
name as a single multistate nominal attribute, and superimposing 
this attribute on the principal coordinate analysis.
 

In the absence of a system of climatic classification suited 
to plant introduction purposes, this method was employed to ex
plore the relationshilps between the climates in wh ich plants rare 
collected and the species found and their performance in differ nt 
climates in Australia. The ord ;nation (Figure 7.7) revealed that 
the major variation between the sites was primarily in temperature
and rainfall (Vector I); high positive values were associated with 
high temperatures and low annual rainfall and high negative values 
with the low temperature and high annual rainfal I. The second 
vector (I) was assuciated with, at the positive end, high alti
tudes and relatively short growing seasons. The climates concern
ed were very varible; site 1 had a rean monthly maximum tempera
ture of 34%u, a iiinimur of 25°% and an annual rainfall of 387 mm; 
for site 2 thle equivalt-nt valln s were 29% and 12°C and 3969 il. 
For cnove0ienc0 , th c-limat ic Cort/inUlo ha; beenl arbitrarily di
vided into 4 zones (Figure 7.7). 

Somie species, such as . trruticusa (fromrm Africa) were found 
over a wide ranri, of climates. Other species appeared to tbe much 
more restricted in their distrrution, such as S. humilis to drier 
zoies and S. quianensis to wetter areas. Such ohservations would 
successfuly r edT tlitf. knowr adaptational patterns of these spe
cies when introduced elsewhere. It is, moreover, possible to be 
more specific. It is found, for instance, that tile legumes which 
have been ;iost succ:essful in the dry Zone B3climates (e.g. S. ha
mata cv. Verano) were collected from the semiarid environrierrts of 
Zone A urvironmuents; those successful in Zone C (where South John
stone is placed), where ability to grow into the cooler, drier 
season was sought, carrme from similar ernviroriments but ones which 
experienced :ooler, drier seasons. It appears, therefore, that 
the legumes are most agronomically desirable for a given area are 
likely to be found in sirilar but somewhat more stringent environ
merits. Nor is this relationship restricted to Stylossnthes (Burt, 
Reid, and Williams, 1975). 

lhis type of analysis does not require detailed informration 
aiout climates or plant performance arid seems to be a useful ap
proach incoordinating collecting and evaluating data. The infor

,nation could be used to select area for future plant collecting 
or in chouosing suitable evaluation sites for existing collections. 
The same method has been used to study plant distribution in rela

ion to soil mineral characteristics ard rhizobial response pat
terns in relation to species and climate. it is generally useful 
in cuordinating inforration from different disciplines. 

Classificatory superimposition. Assume that two data sets, A 
and B, represent the same set of accessions defined by two sets of 
descriptors. One can subject A to a hierarchical agglomerative 
classificat:on and then impose the hierarchy obtained from A on 
the data from B. The disposition of the attributes of B on the 
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Figure 7.6. Network analysis of a Stylosanthes collection based 
on isozyne handing patterns only. (For notation and
 
sylbols see Figure 7.4b and Table 7.1.) 

classification of A can then be examined by a 'diagnostic' program

such as GROUPER (Lance et al., 1968). Alternatively, becak e the
 
data from B have not been used in the classification of A, ojffer
ences between the B attributes at any level of the A fusion. can 
be tested statistically. Thi - approach is illustrated, as fol
lows: The classification was used to place Stylosanthes acces
sions into "morphological/agronomic groups"; the objective was to 
know if these groups tended to be found in certain climates or lo
cations. The 'B' attributes nominated, therefore, contained two 
locational attributes (I and 2, latitude and altitude), two for 
rainfall (3 and 8, length of wet season and total annual rainfall) 
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Figure 7.7. 	 Climatic ordination of a Stylosanthes collection. 
(Solid circles, S. guanensis; open circles, S. fru
ticosa; solid squaresS.hamata; open squares, -T 
sp. af hamata; solid t-ian- ,esS. humilis; open
triangles,---scabra. ) 
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and four (4 to 7) for maximum and minimum temperatures in the wet
 
and dry seasons. The results displayed (Figures 7.8a and 7.8b)

refer primarily to groups of S. guianensis (Figure 7.8a) and S.
 
scabra (Figure 7.8b) (Burt, 1976).


In S. uidnensis groups 5 and 6 are from higher latitudes,

lower r-Tnfals and lower temperature regimes than 7 and 8; 8 
comes from higher altitudes than 7, and 6 from areas with low 
night temperatures in the growing season (attribute 5). In S. 
scabra (Figure 7.8b) a more subtropical form (19) exists but th-Ts 
t--ie7rom relatively high rainfall areas. There were no differ
ences between tie climates from which groups 17 and 18 originated,
possibly because they were represented by few accessions and few
data were available for statistical comparison. Tile value of this 
information has been discussed elsewhere. We simply note here
 
that this method could be easily applied to other multi-attribute
 
sets.
 

Inverse networks or trees. This process here conso;idates

the attribute-sets, and obtains a single data-matrix defined by 
a
 
double or triple set of attributes. The relationships between the
 
latter can then be explored by any of the above methods. Two ex
3mples are presented. 

The first of these concerns a problem inherent inchemotaxo
nomic studiTes. Although it ispossible to measure differences be
tween plants, it isdifficult to envis,,e the significance of such 
differences; frequently chemotaxonomic data have been regarded as
 
secondary to otner info mation. 
 For this, and other reasons, it 
is desirable to relate such information to more readily observable 
features. One may attempt to do so for the morphological/agronorn
ic and isozytie data from the _tyosanthes collection described
 
previously
 

The approach adopted was simply to bulk tire two data-sets and
 
subject them to an inverse network analysis. The attributes were
 
grouped into 10 regions; some contained only morphologic 1 or iso
zyiie bands ard other contained mixtures of both. Examples of
 
these 3 types are presented in Figure 7.9 (taken from Robinson et
 
al., 	 1980).
 

The i irst reg ion (A) contained both types of attributes.
 
Beak/pod rat io (S6) was strongly linked to heal length ($3), and

both are strongly Iiliked with the presence of the isozyme band 25.
 
They are in turn linked to '€ presence of a shoulder on tile seed
 
(SI). lhe presence of a s 'der on the seed, a beak length of
 
less than 2 im or the presence of band 25 cal be used to separate

accessions of S. scabra, S. sp. aff. hamata, and S. sympodialis

from all buL three of the remraining accessons. These latter ac
cessions, one from sout.hern Brazil and two fromr Florida, have been

identified as S. hamata but are quite atypical 
 of this species.
They are from tl-e extr-emes of tile geographical range of this spe
cies and bear morphological resemblance to S. scabra. Their taxo
nomic provenance merits investigations.

The next region (B) contains only morphological attributes;
all are floral. included inthis region isF7, length of the axis 
rudiment, tle presence or absence of which is used to define tile 
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Figure 7.8a. Differences in the climatic backgrounds Figure 7.8b. 
 Differences in the climatic
 
of various forms of S. guianensis. backgrounds of various
 

forms of S. scabra.
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Figure 7.9. Inverse network analysis of a Stylosanthes collec
tion; both agronomic/rnorphological and isozyne band
ing patterns are included. (Contents of groups II 
and III are not illustrated.) 

(1) Centro sema vir ~inianium. Edaphically, this species seems 
to prefer hign available P levels (bond la). The foris contained 
in this COllcc t ion require a icng growing season (bond 1b) . Both 
suggest ions have been val idutied in field experiments (unpub. 
ddta).
 

(2) Aruch~is sp. Dominance was associated with high Ca levels 
in the so-l--bond 2a). Reference to the literature suggests that 
this is likely to he so; the genus is often deemed to have a high
Ca requiremtent and it is known (for other genera and species) that 



two subgenera within Stylosanthes. Accessions with a long axis 
rudiment, the presence or absewiT ot ,which is used to define the 
two subgenerd within Stylosant hes. Accessions with a long axis 
rudiment and long &fnlor-as-ei._,s (F4) are S. symlpodial is (from 
Ecuador) and the . hamaa accesn (excluding(, the two excep
tions noted previu(nly! f--H Faorida. 

Finally, tne- is rj h at (C) which contains only isozymu
 
bands. The acceq 4 , :, which Pxh ib it these bands come from a vari
ety of ,I 1 1 and species and show no consistency
geoqraphIA locat 
in agronlomic y m phltil _aractristics. At the present 
time presence of tit , hdld can only ne used to indicate genet ic 
variation of an urcoia- nt ature. 

This analysis has hoiped to select those band';, or groups of 
bands, that can be used to del inOato Certain spoc Iand species 
forms; it has helped to reinforce the distinct iol bet ween the two 
'od ' S. tali ta access ions firra F 1or ida and the reia i fr'oi 
that. .rpa.- t- hra, dorne lit t to consolidate tthe poni, -w of the 

,',ariuus floral attributes an key taxlno i Chartc Ct erisLi, .. 
The seconld e'aMPla 'it rnl a set of accessions v l. ed 

fro TiPrT I Ant uia (West in r-q) , Austral ia, and Colombia. For 
earl J 3It C0 1le til i , ,)i cou Id ni n1a ta the quanrltity of 
the Virioll tlilroul ' ftalrlun I inforllation onle l pocies 'rid _vide 
til I o 1 I n d 1 i/1t1al s. I n IIecess,a( y ito a c'i Lta i n wh ici of 
tWi envii l'onlentil factOrs wr !Mintt CIosaly -saciaLted with the 

lrl-prepnc, It qunlit ies of tre various specie (hBurt et al., 
1979b).
 

The ft1i',t sti ep i Itli it't the n'ep ? tIt inverse networks 
, ie 1y fill istit a t ,iiJt es (',l( ias) and( for tre 16 soil/ 

,li tan 'tribuit (Figure' / l u i I attr ibutes were tthens 1.1t). 
vr~IO , I and he f lor'I i ii r iOt- net'or. k coiputed; cross i -nk

<1gYO Nar imposed on t' h [r ' ic tilrk . h procedure was then 
repe t ad provid,- r, ,s link wi,'th i n, sil at tributes. Tihe 
florist I Int'w ll , ontal I l t i , . i't p )f ,,pec i es , I t a ii s of 
wh iich ar, i i' I' I l,' . I l i'' ly, I is characteristic of 
legume , I 1iai,1 ., - l1 ,Is lin dry tropical re
gions of nus'tra I, 11 1, if I-s frequertly found an clay 
s ilsi Ill tLh W p! h; ,contti il ,' fuanI ia l dry tropical 
enviroum n. ow ligr1-,l''jlI.i in I !I.E. 11i)r ; : I i It leg unies 
froll dr-ior part ot irazi I Clearly ttlt ' ,'tpin i r iologi
cally real illd couldI pr ovih 'iseful info mation. 

lie clim t ic," , it ribute atlso epIarat ,d into ,4akly link
,I groups, Gr1t)y A 'r lit w f teliperatlr) attributes, 
v-akly I okI to I 1 d t h. Gr upB ,, ain d tilr e a ttril)utes,
two- forl rainf& I parameLl'r> anid the thiird for s)ilI % per'cet; inl 
Lhes.._ nil'- hiqlh UiI I N was assOCiat,, 1 withl high M U In all nd long 

1 Iijll,1 
sori itu"i -'ll 1 1 1h'v,' s it exch/ai/g'b1'- Ca, Mg KId K and high 
levI. of - !0 o P; uh in ink! LO Ca. Such rlationships 
are 1ndic& 

Ciron li ni..q> etwen the two networks can now be used to 
suggest which t Iri

I eviromrental factors are most closely asso
ciated wiN the damlinance if the various species. The results 
from three specits are 11 ustrated. 

Il'roir 1 , iii Giroup Q, hiqh clay co trtts ire as
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Figure 7.10. 
 Network analysis of floristic and environmental information. (Gr..jps A, B, and C are 
for

environmental attributes 
and I to TV for floristic. 1. C. virginijnum; 2. Arachis spp;
3. Teramnus labialis; 4. Number of months receiving 85-90% of the 
 ean annual rainfal1;
5. extractable soil P (ppm); 6. soil 
Mg (me per 100 g); 7. exchangeable soil Ca (me/Og).
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high soil Ca levels stimulate the production of geocarpic seed and 
thus ensure survival under heavy grazing pressures. There were no 
strong linkages with any of the climatic attributes. 

(3) Teramnus labialis. This species was ost frequent when 
soil Mg leves .'re high (bund 3a) and where growing seisons were 
relatively long. Field studies have validated the lotter (unpub. 
data) hut tne relatiunship with Mg remains unexplored; circumstan
tial evidence, however, would siggest that it is real. 

It is logistically impossible to screen every accession or 
group of accessions for either mineral or climatic requirements. 
It is pm;,.;ible, howovar, that hypothesis generating analyses such 
as these can he ued to indicate where such studies are most like
ly to be profitabl,. 

CONCL (SION 

Throughout this discussion, the various authors have indi
cated, not only the value of existing legur2o cultivars, but also 
the velry real need to develop our genetic resources further. 
Should this hdppen, then an ad hOr mpproanTh In thpir cnllction, 
evilu it ion, and t il ization I- il-noevitably lead to inefficien
cirs, duplicat 1on of offort nd tWe 'shelving' of material, useful 
in areas other than tnlat in which it is held, will occur. This is 
AW1'i of a in iii re-jouile-

In tit 0.ention, tw rinilent has necessar ily stressed the 
rno for dit ii Iy 'in and lot + rdt ion and tnheir role in a hypo
tiO'W1> trneratino ii i. i i hypothi 4 hav, been generated 
in W,. fields of qerilt , plant ,onqraphy, microbiology, taxono
n" I i ruy; nav been In,I si.rii suniseqently valWilted. 
1W iy it, iay 5.1 po ni) l to highl ight strategic area; of re-

So ir-n I " L otll who '-.,i no to part ic pite in th oer Il irogr ai1. 
It iK a soi r iv n t Ilt r15,1 it thl inforiiation IS i, that 
whicii in uOsally tiined plant col lecting, intrdicton, and"M I i 
evalat ion proqra1-;, indeed mimch of it K reLrded 3n Itout ine." 
Like Krull and Horlauq I97 ) it is valid to sub it thmt "The naL
ur. l variabili in cullc tioN hns been ignored" and that "The 
mnajor hInrilo tW unrlocKing their secrets (plant collections) and 
uti 1 iin tLti, viiulble ciaracters (contained) has been the inves
tigatr" itnihiliLy to satisfactorily classify this variability". 
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Scientific Name Index 

Adernesia 223 Centrosena cont. 
Aescnynolnene 55, 223 haitiense 89 
Amnemus kerinesi 89 

quadrituherculatus 111 lobatum 89 
Upirci I icris 111 nacranthum 89 

AOldL'opo()Or gayanus 47, 91 nacrocarpum 71, 75, 91 
magnificum 91 

Botihriuch]na inculpta 47 pascuorun 70, 71, 72, 73, 
6rachiari, 74, 75, 83-86, 91 

briza tna 47 plumieri 71, 75, 89-90, 91, 
decumblens 30, 33, 41, 47, 183, 223 

79, 120, 163, 206 pubescens 30, 33, 41, 48, 
hu;11m /Y 69, 71, 72, 73, 74, dicola 64, 
uitica 29, 33, 41, 47, 79 75-82, 87, 89, 90, 91, 
ruzziens's 47 92, 120, 125, 183, 190, 

199, 201, 202, 206, 214, 
t juros ",_3 223, 234, 239 

5 , 223 rotundifolium 71, 73, 75 
rnucurlmi ,) 30, 48, 76 saggitatufn 71, 75 

Carnaval Iaschiedeanum 75 
Cassia 5 schottii 71 74, 88-89
 
Catrir'ii 'r ) venusurn 7j, 91 
Cenchrus vexillatum 74 

ciliaris 4/, 79, 37 virginianum 70, 71, 72, 74, 
s,2tigerus 47 75, 86-88, 91, 183, 223, 

Centrosoila 13, 55, 56, 61-68, 282, 284 
6!-96, 13-184, 169, 192, virginianum x brasilianuin 
193, 214, 221, 222, 223, 223
 
232, 23,'3 sp. aff. acutifoliun 71, 75 

acutifol i u 91 sp. aff. puhescens 30, 71, 
angustifol jul 71, 74, 75, 91 82-83, 90, 91 
arenarium 71, 73, 75 spp. 87 
bracteosum 7b Centrosema mosaic virus 90 
brasilianun 70, 71, 73, 74, Cercospora 78, 82 

75, 89, 91 Chapmannia 147 
capitatudi 91 Chloris gayana 47, 79 
grandiflorum 71, 74, 75, 91 Clitoria 69, 223 
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Codariocalyx 97, 100 Desmodium cont. 
gyroides 222 rensonji 125, 222 

CoIchicurn 172 rhytidophyllum 222 
Colletotrichun salicifolium 99, 100 

dematium f. truncata 169, 170 sandwicense 64, 98, 100, 102,
gloeosporioides 169, 170, J73 124-125, 126, 127, 214, 222 
spp. 78, 171 sericophyllum 100 

Corunilleae 97 tortuosum 28 
Cyamopsis 223 trifolium 101, 122, 125, 222 

triquetrum 11 
Dactyluct, inia a egypticurn 47 umbellaLum 101
 
Denarolubium 97, 98 urlcinatum 
 48, 98, 99, 100, 102,
Desmanthus 123 103-120, '1, 126, 128,

Desmodieae 9/ 133, 190, 191, 199, 200,

Desmodinma 97 202, ?U, P12, 714, 222,
 
Desmudium 18, 55, 56, (1-68, 97- 232, 239
 

140, 141, 183-184, 189, 203, Dicerma 97
 
221, 222, 2W3, 23?, 235, 238 0igitaria 

-
Ipr, 100, 1'7 decumbens 41, 7, 79, 81,

adscendem 9 , 1dl, 102, 125, 122, 2 7
 
13 smutsii 4/


SarbatLum 5 , 98, 99, 101, 102, lDolichos 70, 223
 
125, zx? ]ablah 214
 

Cd an it] Ilu r 1 ,li 1 nera 99
 
canum 98, 10O, 101, 102, 122

123. 1';, 183 Epilachna indiCa 78
 
cap itum 101 Erayrosti1
 
,uW alotLsl 101 curvul a 47
 
"lp tr ... superba 4/
1 P2? 

T(JK)lOW 98, 10, 222 Eucalyptus 111
 
Oistor um 9A, I'5, 183, 222 crebra 23
 

qyriJ 20. Fa)acean 147
 
het,'ocdrpon 9d, 101, 123-121,
 

iM2o, 1Ps, I1w, 22 GA1HMIt.1d 55, 223
 
heLeroclrpu.n 1h1 Glycine 70, 203, 223
 
het rolmyllun , QI 41, 98, Iui, wightii 41, 194, 200, 202,
 

103, .:u-1 , ,120, 126, 212, 214
 
128, Wv, YA2
 

lllrtull 99 Hllansl ia 99
 
intorLum 44, Q)i, HO1, 98, 100, itlllryira 97
 

102, 103-12u, 121, 122, ileteropuglon coltortus 23, 29,
 
I1S, 127, 103, 190, 198, 79
 
199, 212, 213, 214, 222, Hypdrr'henia 112, 121
 
232, 252 rufa 79, 31
 

leiocarpu 1 2b 
ovalifolium 56, 101, 123-124 Indigofera 223
 
painteri 100 spicata 199, 206
 
polycarpum 222 Inperata 29
 
polyneurum 125 Ischaemum indicum 79
 
pringlei 100
 
pulchellum 101 Lablab 223
 
purpureum 101 purpureus 212, 214
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Leguminosae 21 Rhizobium cont. 
Leptopius corrugatus 111 79, 80,82, 85, 87, 89, 92, 
Leucaena 224 122, 127, 128, 160, 161, 

leucocephala 125, 202 183-184, 208, 210, 211, 212, 
Lolium rigiduim 239 213, 215, 221-226 
Lotononis 203, 224 Rhizoctonia solani 78 
bainegii 48, 199, 200, 201, Rhynchosia 55, 223 

206, 212, 214 
Macrolptilium 55, 189, 190, 192, SAlotha 95 

193, 203, 214, 223 Sy,,a ia 223 
atropurpureulm 43, 80, 87, 105, Set.aria 118, 231 

110, 120, 19Y, M, 212, arrp 79, 87, Ii 
214, 234, 53,25, sPhcelata 47, 115 

lathyroides 43, 190, 19Y, 200, Sporodesmium bakeri 78 
202, 206, 21? Stizolobium 223 

Macrotyloma 223 Stylosanthea 147 
uniflorum 212, 2:4 Stylosanthes 13, 19, 55, 61-68, 

Medicay) 141-181, 183-184, 189, 190, 
saliva 142, 171, 190, 199, 192, 193, 199, 203, 214, 221, 

202, 212 223, ?24, 229, 232, 238, 259, 
truuculata 199 262, 263, 266, 257, 271, 276, 
spp. 199 277, 278, 279, 280, 282, 283 

'telanagrolnyza cerntrosematis 78 sect ion Stylosanthe% 147 
Meloidogyne 04 section Styposanthes 147 
Me]inis minuta, lord 29, 41, 47, angustifulia 145, i67 

19 biflora 145, 161 
linosa 55 bojeri 166, 16" 
,lucuna 223 bracteata 145, 168, 170 

calcicola 145, 161, 163, 
Ougeinia 99 183, 224, 269, 270 

capitata 56, 124, 143, i4b, 
Pachecoa 147 149, 164-166, 167, 168, 
Panicum 17u, 171, 173, 183, 192, 

coloratur 47, 79 224, 28 
maximum 29, 30, 33, 41, 47, cayennensis 145, 168 

79, 81, 82, 121 diarthra 141, 160, 280, 281 
I)api lionaceae 147 erecta 144, 145, 149, 167, 
,pum notatum 79 224 

Pecmisatum figueroae 14b, 148 
Jandustinumi 47, 79, 115 flavicans 168 
polystachyon 79 fruiticosa 48, 144, 145, 149, 
purpureu 417, 9, 203 166, 167, 183, 277, 279 

Periandra 69 gracilis 157 
Phalaris tub rsa 239 9uianensis 30, 33, 56, 64, 77, 
Poaseoleae 70 80, 105, 120, 142, 143, 
Phaseolus .dthyroides 190, 191 145, 146, 148, 119, 150, 
Phyllodium 97 152, 153, 154, 156-160, 
Podocarpium 99 162, 163, 167, 169, 170, 
Psoralea 223 172, 173, 183, 206, 222, 
Pueraria 213, 214 224, 239, 248, 277, 279, 
phaseoloides 30, 33, 55, 76 280, 281 

guianensis var. gracilis 157 
Rhizobium 21, 33, 55, 56, 78, 157, 159 
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Stylosanthes cont. 
guianensis var. guianensis 

157, 159 
guianensis var. intermedia 

142, 157, 192 
guianensis var. robusta 159 
guyanensis 157 
hamata 25, 26, 48, 64, 105, 

143, 145, 147, 148, 149, 
152, 153, 156, 160-162, 
163, 166, 167, 168, 172, 
174, 183, 192, 193, 222, 
224, 250, 257, 262, 264, 
265, 266, 267, 268, 269, 
270, 71, 276. 277, 279, 
NO, 283

hippocampoides 145, 169 
humilis 48, 56, 64, 105, 142, 

145, 147, 149, 150, 15p,
153, 154, 156. 161, 162, 
163, 166, 172, 173, 174, 
183, 189, 191, 192, 393, 
199, 201, 206, 210, 212, 
214, 252, 262, 264, 265, 
266, 27, 268, 270, 271, 
279 


humil is x hdmaata 269 
ingrata 145 
leiocarpa 145, 16H, 183 
macrocarpa 145, 168 
macrocephala 145 
macrosoma 145, 169 
mexicana 145, 149, 168, 269,

270 
montevidensis 145, 167, 169, 

183 
nervosa 145, 16 
pilosa 145 
psammophila 168 
scabra 48, 56, 141, 143, 145, 


147, 149, 152, 161, 162-

164, 166, 167, 168, 170,
 
174, 183, 192, 228, 262, 

264, 265, 266, 268, 269,
 
270, 279
 

Stylosanthes cont. 
sericeicepsT4S, 147, 168 
suborbicula 147 
subsericea 145, 149, 152, 156, 

161, 167, 168, 262, 266, 
268, 269, 270 

sundaica 142, 145, 147 
synpodialis 145, 146, 149, 

153, 154, 168, 183, 269, 
270, 280, 283 

tuberculata 145, 168 
viscosa 56, 145, 148, 149, 

150, 152, 166, 167, 183. 
192, 193, 262, 265, 266, 
267, 268, 269 

sp. a'f. hamata 145, 262, 264,
206, 268, 270, 279, 280 

spp. 145, 148, 238 

ladehagi 97 
Tephrosia 55, 223 
lerammn s 223
 

labiali . 284, 285
 
TetranychUs spp. 78, 82
 
Themeda 29
 

austral is 23
 
Thiobacillus 206, 207
 
Trifolium 224
 

repens 199, 200
 
reuppe Ilianumi 200
 
subterraneun 200
 
spp. 48, 109, 199
 

Urochloa 271, 275 
bolbodes 274 
mosambicensis 26, 47, 274 
pullulans 274 
stolonifera 274 

Vignd 70, 223, 260
 
unguiculata 202, 212
 

Zornia 55, 147, 223
 


