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Preface

Over the past four decades the geBigosanthe$ias received major focus across th
tropics as a means of improving ruminant production. This was favoured by the disc
of many “new” species which offered the required flexibility for growth in diver
agro-climatic situations. In constraint-free conditio®sylosanthesould potentially
produce up to 15 tons of dry matter with a crude-protein content ranging from 12 to 1
However, such ideal conditions are rare in the tropics. Variations in rainfall, humi
length of growing periods and soil fertility can affect the level of productivity and
usefulness o$tylosantheso the production systems.

In sub-Saharan Africa, natural resource-dependent ruminant livestock suffer
seasonal fluctuations of feed quality and quantity. Low nutritive quality-related gro
disorders predominate the problems encountered in raising livestock across a
ecological zones. As an attempt to improve livestock nutrition, the dgetiylosanthewas
introduced into many countries in West Africa, starting in the 18&90s.

Research in integratirtylosanthemto production systemsintensified in West Afric.
with the opening of ILCA’s subhumid zone research site in Kaduna, Nigeria in 1978.
genusStylosanthewas used as a source of good quality livestock feed and for its abilit
biologically fix Nitrogen to support intensification of cropping without prolonged fallo
and to regenerate soil fertility. Development of techniques to maximise the benef
integrating ofStylosanthemto crop-livestock systemstook a number of years of on-stat
and on-farm research. Meanwhile, several national efforts invadBtiyigsanthegere also
undertaken in the region.

Sub-Saharan African countries together carry approximédt®dy million tropical
livestock units. However, little effort is made to grow forages for the primary purpos
feeding livestock. Low-input agriculture and associated land degradation have be
major problems, threatening the future security of food and feed supplies in many c
countries.

To deal with these problems, the following questions have to be addressed:

Is there sufficient knowledge ddtylosantheso help alleviate these problems? Whe
more is needed for farmers in the region to benefit f&ayiosanthea

This workshop brought together scientists, particularly from the West Afric
countries, to share their experiences in the usetgbsanthesm the farming systems of
those countries. Scientists from other regions, within and outside Africa, made val
contributions and their participation turned the workshop away from being strictly V
African, was originally intended.

Several people contributed individually and collectively to organise this workst
The ILCA Team in Kaduna, Nigeria, worked many months under the able coordinatic
Dr G. Tarawali. The workshop could not have been possible without the generousfine
support of ILCA, and the workshop participants requested special acknowledgeme
ILCA for this support. A special word of thanks to Mr S. Adoutan, Publications Sect
for editing the French papers and translating the abstracts and to Miss Etalem Er
Highlands Programme, for secretarial support. As there were many francopl
participants, simultaneous English/French interpretation became necessary and w
to thank Mr. E. Achakobe and W.K. Akpawu for a good job done in this respect.

There are many who strive to bring about agricultural change in Africa particular
the crop-livestock production sector, which we believe is the keyto sustainable prodt



from the land resources at the disposal of the African farmer. Their task is not easy
is to them these proceedings are dedicated.

M.A. Mohamed-Saleem
ILCA, Addis Ababa, Ethiopia



Keynote address

Dr J. Maina

Project Manager, National Livestock Projects Division (NLPD)
PMB 2222, Kaduna, Nigeria

His Excellency the Governor of Kaduna State
The Honourable Minister for Agriculture
Honourable Commissioners

Invited guests, Distinguished Ladies and Gentlemen

It gives me great pleasure to be invited to give a keynote address to a gathering of sci
assembled to discuss a forage legume that is veryimportant for the livestock industry
country. It is also a significant step in the right direction by the International Livest
Centre for Africa (ILCA), the organiser of this workshop, to consider that the genu
Stylosanthemerits attention in farming systems of the West African subregion in gen
and in Nigeria in particular. ILCA is well known and its activities cut across rumin
production systems in Nigeria in the two important zones where it operates. We con
to have a good working relationship both in research and extension activities in thes
zones, namely the subhumid programme centred in Kaduna and the humid progran
Ibadan. The alley farming forage-development programme in the humid area:s
increased the dry season feed supply for ruminants in the southern parts of the cc
besides being a commendable venture towards crop-livestock integration an
enhancement of soil fertility. The extension package was developed about a decac
and it is serving a useful purpose for smallholder farmers with sheep and goats.

The introduction ofStylosanthegshrough the concept of fodder banks —
concentrated legume-based pasture to provide supplementary feed for ruminant:
playing a vitalrole in increasinglivestock production, especiallyin the subhumid zone. ¢
concentrate feeds like groundnut and cottonseed cake as supplements to ruminan
become scarce and expensive, farmers no longer provide these feeds to their livesto
it has become unprofitable to finish cattle with such feeds. However, animals allowe
graze stylo-based fodder banks daily for two or three hours obtained supplemental
protein equivalent to 1 kg/day of cottonseed cake.

Stylosare not newin Nigeria; asearlyasthe 1940s, theywere used as pasturesin
parts of the country. They are adapted to a wide range of tropical climates with ra
ranging from 900 to over 2000 erTStons have several useful characteristics:

1) They are relatively easy to establish, even on poor savannah soils since the\
relatively low requirements for soil nutrients, especially phosphorus. They are
capable of fixing atmospheric nitrogen for their own benefit and that of associ
grasses.

2) Most stylos do not require a special rhizobium inoculant because the cowpea val
used in the northern parts of the country provide a ready source of rhizobium i
soil.

1. Formore historical details see reviews by Agishi, pp. 275-285, and de Leeuwand Mohamed-Saleem, pp. 1



3) The introduced stylos in Nigeria survive well into the dry season. The perennial s
extend their greenness into the late dry season and provide valuable forac
livestock during this period, containing 7-9% crude protein.

Establishment

Stylos are established in Nigeria mainly i) as forage in mixed pastures; ii) in crop
systems and iii) as the main legume pament of fodder banks.

Stylos in mixed pastures and as “cut-and-carry” feed

The need to improve the nutritive value of native pastures was suggested many yea
since their productivity had declined due to overgrazing and lack of fertiliser applicati
Grazing trials on mixed stylo pasture were started in Zaria in the late 1960s.

Mixed pastures of stylos and grasses were also introduced in ranches and g
reserves and have been used for hay production. At the end of the rains, it is custom
livestock producers to make hay for dry-season feeding; the quality of hay improves:
legumes are included. In the subhumid zone hay-making starts around Septer
October, when dry-matter yields are high containing adequate crude protein. Care
be taken to wilt and dry the cut hay for a few hours before baling. Although leaf shatte
iscommon in Verano stylo/grass hay, animals consume the fallen leaves with relish. /
peak of the dry season a good-quality stylo/grass hay wouldNc®s10 per bundle.

Another area where stylos may have considerable importance in future
“cut-and-carry” systems. Some farmers have adopted this system in which forage lec
are cut dailyand fed to confined animals. Peri-urban dairy production systems envisa
development of efficient feeding of dairy cattle around urban centres aimed at supj
dairy products to the cities. A small area of concentrated legume fodder will be cultiv
to supplement a three- or four-cow unit. A forage legume like stylo is considered a p
candidate.

Stylos in crop production

Lack of fertilisers is a major constraint to crop production; they are expensive and ¢
unavailable, especially during the cropping season. Soils planted with stylos are ent
by the accumulation of nitrogen fixed in the root nodules, which gradually beco
available to the companion crops. Stylo can be undersown into existing grass sward
rotation with cereal crops (like maize, sorghum or millet) to increase available forag
livestock, whilst intercropping of cereal crops with stylo is also pos%ible.

Stylo in the fodder-bank system

Although other legumes have been tried, stylos remain the major legume in fodder-
systems. Earlier in the development of the fodder-bank package, Cook stylo was use
proved a highly productive forage vielding up to 6 t/ha of dry matter. Its ability to ren
green far into the dry season has been remarkable and the concept of fodde
development was built around this cultivar; it matures earlier than Schofield stylo
enabling it to drop its seeds before the annual savannah fires commence. The adv
of thisis that the fallen seeds repopulate stands faster than those sown with Schofiel
However, in the early 1980s Cook and Schofield stylo succumbed to anthracnose, a o
caused by the fungu@ollectotrichum gloeosporoidethe two cultivars are, therefore, nc
longer used in fodder banks.

2. Stylo in crop production in Nigeria is reviewed by Tarawali and Mohamed-Saleem (see pp. 183-192)



Since its inception in 1987, the NLPD project has established over 700 fodder &
under various credit schem&3.he rate of adoption has declined somewhat in recent ye
due to greater emphasis on cash crop production and logistical and financial constra
input delivery. However, a recent survey among agropastoralists ascertained cont
interest in fodder banks and an increase in adoption is anticipated once constraint:
been removed.

The fodder-bank innovation has been supported by our National Animal Rese
Advisory Committee and its technical committees. Therefore, the NLPD has spon:
four research projects aimed at further studying various aspects of stylo forage produ
- Multi-locational testing of fodder banks.

- Optimal utilisation of fodder banks for increasing the reproductive efficiency of Bui
cattle.

- Evaluation ofthe role of forage legumesin enhancing crop production and soil fer

- Adoption of rotational cropping within fodder banks by agropastoralists.

The last three projects are being executed by Nigerian scientists in collaboratior
Australian counterparts through support from the Australian Centre for Internati
Agricultural Research (ACIAR), Canberra. The Federal Ministry of Agriculture, Wa
Resources and Rural Development is sponsoring the first national workshop on f
seed production and utilisation which will be held in Novemt#92, immediately after
ILCA’s workshop onStylosanthes

While establishing fodder banks in various parts of the country, NLPD became a
of several constraints. They range from scarcity of land to the current economic harc
faced bymanyagropastoralists for which solutions are being sought at the appropriate
However, there are some which need mention at this gathering of scientists, in part
those from ILCA headquarters who beside being eminent scientists are also respa
for planning ILCA's policies on livestock research and development in Africa.

Whereas ILCA’s sites in Nigeria are located in the subhumid and humid zo
two-thirds of the 13 million cattle and over half of the 50 million sheep and goatsare f
in the semi-arid zone. Due to scarcity of grazing during the dry season pastoralis
compelled to drive their breeding herds to more southerly areas where they be
exposed to several disease risks causing reduced production. Itistherefore highlyde
to conduct more research in the Sudanian and Sahelzonesin Nigeria. Thisneed hasl
more pressing since some stylo species, while successful in the subhumid zone, fa
produce similar results further north. Out of several cultivars screened so far, only Ve
stylo has been recommended. This cultivar has a limited range of performance; in pe
the subhumid and in most of the semi-arid zone, it dries and sheds its leaves at the
the wet season.

On a more positive note, although the low-input oversowing strategy has often
met with failure, the reality is that stylo species have been spreading from research
and from established fodder banks into adjacent rangelands, showing their abil
colonise new habitats. | therefore believe that this workshibfowus on these problems
and offer solutions. Our farmers are eagerly awaiting alternative technology that the
can offer in revolutionising their farming enterprise.

| wish to conclude my address by paying tribute to the late Malam Haruna
uneducated farmer, who lived in Kurmin Biri, an ILCA case study area and who ma
great personal contribution to the fodder-bank concept. Malam Haruna was one
pastoralists whose cereal crop was undersown with stylo; because of sowing too ea
results were not very encouraging as there was excessive competition between his cr
the stylo. However, the farmer, instead of getting annoyed with the ILCA team (of w

3. See a detailed review by Ajileye et al, pp. 311-316.



| was a member), he fenced his farm and allowed his animals access during the peak
dry season, which worked very well. Although the farmer did not call it a fodder bank
ILCA team developed the farmer’s innovation into the fodder-bank concept. | reco
thisstoryand call the attention of this gathering of scientiststo the fact that illiterate far
may lack scientific knowledge, but often possess great wisdom derived from ag
traditions and the experiences accumulated during their life time. If such wisdom is ma
to modern knowledge, it may contribute substantially to progress.

Honourable Minister and State Commissioners, invited guests, ladies and gentle
thank you for your attention and | wish all of you fruitful deliberations and a safe jout
back to your respective destinations.



Section 1

The biology of Stylosanthes and
Its importance in West Africa
and Latin America



Revue des travaux de recherche, de
vulgarisation et d’utilisation effectués sur
Stylosanthes en Afrique de I'Ouest

B. Toutain, B. Peyre de Fabregues, G. Roberge,
A. Bigot et G. Rippstein

CIRAD-EMVT
10, rue Pierre Curie
94703- Maisons-Alfort Cedex (France)

Résumé

Depuis 35 ans, différentes espéceStdgdosanthesnt été introduites et testées poL
améliorer la valeur bromatologique des parcours naturels et pour créer des patl
artificiels dans les régions humides de I'Afrique de I'Ouest francoph8thdosanthes
guianensicv. Schofield a été dabord le centre dintérét de la plupart des essais ave
[égumineuses fourrageres. Ceux-ci ont porté sur le comportement et la mise au poi
techniques agronomiques de semis,ilifation, dentretien et de production semencier
l'évaluation des performances et la place de cette culture fourragére dans les syste
production animale. Des sérieuses difficultés ont limité l'utilisation de cette vari
notamment les dégats causés par l'anthracr@sketotrichum gleosporioideg)e puis 1978
et les bas prixdes produits d'origine animale. Dés lors, lintensification de I'élevage af
co(t et lintégration des éleveurs transhumants dans les régions a vocation agricole
appuyées sur la création de paturages associant la graminée pB@aarouen maximum
cv. C1l et la Iégumineuse fourragégylosanthehamatacv. Verano. Une nouvelle série
d’essais est actuellement en cours dans neuf pays d’Afrique pour étudier le comport:
de nouvelles especes de légumineuses dont plusieurs du §gtaosanthegprojet
RABAOC).

Enfin, des données sont présentées sur les rendemedt@akanthes guianensga
valeur fourragére, son ingestion et l'effet résiduel de sa culture sur lesrendements dt

A review of research, extension and utilization
studies on Stylosanthes in West Africa

Abstract

For 35 years, various species$tiylosanthes have been introduced and tested in the hu
zones of francophone West Africa to improve the nutritional value of natural ranges
to establish artificial pastures. Most experiments with fodder legumes first focused «
guianensis cv Schofield and covered plant behaviour, sowing techniques, manage
maintenance and seed production, performance evaluation and the importance
species in livestock production systems.

Use ofS. guianensiby farmers was restricted by major constraints, including attacks
anthracnose Colletotrichum gloeosporioidesjince 1978 and the low price of anime
products. Consequently, development of low cost intensified animal production
integration of transhumant pastoralists in crop areas were based on establishment of pa
associatingthe perennial graBainicum maximunav C1 and the fodder legurBgylosanthes



hamatacv Verano. A series of new trials is currently underway in nine African countrie:
the behaviour of new legume species, including se8gytisanthespp (WAFNET Project).

Finally, this paper presents data @& guianensists nutritive value and intake as wel
as its residual effect on the yield of a subsequent maize crop.

Introduction

La végétation des savanesde I'Afriqgue de 'Ouest est riche en espécesde lIégumil
herbacées. Mais paradoxalement, la contribution des légumineuses a la biomasse he
de ces savanes est trés faible, alors que celle des graminées est extrémement imp
La principale raison généralement avancée pour expliquer ce phénoméne est le p
fréquent des feux de brousse.

Les légumineuses fourragéres remplissent deux fonctions essentielles dai
paturages et les parcours, a savoir dune part elles équilibrent la ration alimentaire du
grace aleur richesse en matieres azotéeset en sels minérauxet d'autre part ellesam
la fertilité du sol en I'enrichissant en azote.

Les recherches agronomiques et zootechniques s’intéressent depuis longtem
avantages des cultures de légumineuses. En Afrique de 'Ouest, il y a plus de 35 al
des expérimentations d'envergure ont commencé sur des especes introduites. C'est
graminées pérennes que lesrecherches sur les plantes fourragéres ont été le plus a
mais des résultats importants ont également été obtenus sur légumineuses.

L'élevage a connu un grand essor a la suite des progrés en matiére de santé a
puis des efforts de sélection et damélioration génétique des animaux domestique
principales contraintes techniques sur lesquelles la recherche travaille tout spécial
aujourd’hui sont d'ordre alimentaire, notamment linsuffisance quantitative des ressol
fourragéres, lirrégularité saisonniére et interannuelle des productions des paturage
que la qualité nutritive médiocre des fourrages. Plusieurs especes du genre Stylos
figurent parmiles quelques espéces de légumineuses herbacées pérennes qui ont
les pratiques de I'élevage dans les régions humides et subhumides de I'Afrique occid
et centrale.

Schéma général des recherches sur  Stylosanthes

L'introduction des nouvelles espéces3tglosanthepour I'élevage a suivi le schéme
d'expérimentation classique, allant de la découverte de la ressource génétique a
jusqu’a sa vulgarisation.

Les prospections et les choixde nouvelles espéces et variétés et de nouveaux é
ont été effectués selon des critéres de qualité agronomique et fourragére dans des
du monde aux climats comparables a ceux de I'Afrique. Le mérite en revient &
organisations spécialisées de portée internationale, en particulier la Commonw
Scientific and Industrial Research Organization (CSIRO) en Australie et le Ce
Internacional de Agricultura Tropical (CIAT ) en Colombie. La diffusion de cesressou
génétiques fut assurée non seulement par ces centres mais aussi par d'autres org
ou centres internationaux tels que I'Organisation des Nations Unies pour laliment
et l'agriculture (FAO), le Conseil international des ressources phytogénétiques (IBF
et le Centre international pour I'élevage en Afrique (CIPEA). C’est du principal berc
desStylosanthes’est-a-dire TAmérique tropicale, que proviennent la plupart des lign
étudiées, mais les espéces africaines n'ont pas pour autant été totalement négligé
les essais.

Lintroduction des lignées et les essais de comportement et de multiplication on
conduits dans plusieurs centres d'expérimentation africains. Les principaux p



diintroduction et d'essais en Afrique francophone ont été le Centre ORST
d’Adiopodoumé en Basse-Céte d'lvoire, le centre de recherches zootechniques (CR
Minankro prés de Bouaké en Cdte d'lvoire centrale et l'lnstitut de recherc
zootechniques (IRZ) de Wakwa dans 'Adamaoua camerounais. Des écha
dinformations et de matériels ont eu lieu avec d'autres centres nationaux de rech
similaires situés dans d'autres régions tropicales. Par la suite, les sites d'expérimenta
sont multipliés dans de nombreuses régions, apportant des précisions sur l'adaptati
plantes testées aux spécificités locales.

Les protocoles d'essai ont compris et comprennent encore une série d'étapes
lintroduction a la vulgarisation, s'étalent sur une dizaine d'années (Roberge, 1976).

En ce qui concerne les actions de développement, la didiiténdes ressources
génétiques que constituent les variétés sélectionné&styitessanthesa entrainé une
adaptation et une évolution des pratiques d¢élevage et des systemes de productic
recherches sur l&tylosanthes’ont jamais été séparées des possibilités d'utilisation et
valorisation. En station, des essais réalisés avec des troupeaux ont permis de déf
pratiques susceptibles d'étre recommandées aux éleveurs et aux agriculteur:
chercheurs ont suivi de pres leurs applications en milieu réel afpodeoir évaluer
lintérét technico-économique de cesinnovations et d'orienter en conséquence les a
de développement.

Especes et variétés vulgarisables

Stylosanthes guianensis

Alors appelés. gracilis,S. guianensifut introduit a Adiopodoumé (Cote d’lvoire) en
1956 (Botton, 1957, 1958) a l'occasion d'un programme de recherche sur les [égumin
destinées a protéger les sols et a améliorer leur fertilité dans les plantations et les ct

En 1958, IEMVT (Institut d'élevage et de médecine vétérinaire des pays tropic:
introduisait cette espéce a Bouaké dans des essais de comportement de légum
fourragéres (Cadot, 1971). L'intérét de cette plante fut vite découvert et de nombr
expérimentations lui furent consacrées. Dés 1966, la récolte des semence
moissonneuse-batteuse était mise au point. La scarification des graines dans ut
polisseur a riz améliorait leur pouvoir germinatif. 1868, la vulgarisation fut entreprise
tandis que se poursuivaient des essais visant a perfectionner les itinéraires techniq

La production de semences s'est développée au CRZ, dans certains programi
développement et un projet de ferme semenciére a méme été lancé.

Au CamerounsS.guianensisest connu et tlisé depuis les années 50 et est mén
devenu spontané le long des routes. Malgré ses défauts, cette espéce a la réputatio
bien adaptée aux conditions climatiques et édaphigues de 'Adamaoua (Rippstein, :
Elle fut particulierement étudiée au CRZ de Wakwa et a donné lieu en particulier
nombreux essais d'alimentation des bovins. Les objectifs assignés a son emploi éta
complémentation de lalimentation des bovins en saison séche et 'amélioration
fertilité des sols et de la flore naturelle des parcours.

Au SénégalS. guianensifut dés 1966 l'une des premiéres [égumineuses fourragé
introduites a la ferme expérimentale de Sangalkham pres de Dakar. Sous ce clima
seulement 500 mm de pluies par an, la culture n'a pu se maintenir qu'avec lirrigatic
s’est révélée mal adaptée a cette région. En Casamance ou le climat est plus hum
essais ont donné de bonsrésultats mais l'espéce fut rapidement anéantie par l'anthr

Au Burkina FasoS.guianensidut essayé dans la région de Bobo Dioulasso a la st
de ses succés en Cote dlvoire. Il fut surtout utilisé en casiers irqiguésrégénérer la



fertilité des sols de rizieres. Un programme de production de semencesa méme été €
guelque temps par la FAO.

Au Niger, la culture de cette [égumineuse dansdes périmetresirriguésle longdu
a été préconisée dans les années 70 en association avec des essais de fert
phosphorique. La maitrise de lirrigation faisait partie des objectifs techniques car
espéece savere sensible aux immersions.

A partir de 1978, I'extension rapide de l'anthracnaBelletotrichum gleosporioidgs
a touché les différentes espécesStglosanthegt en particulier a beaucoup affecg&
guianensisdont le cultivar le plus répandu (cv. Schofield) s'est révélé particulierem
sensible a cette maladie. Les facultés d'adaptatiorStddssanthesnt alors été remises
en question et l'on a aussitdt cherché des légumineuses de substitution.

Stylosanthes hamata

Les premiers essais effectués sur cette espéce remontent aux années 70. F
cultiver, elle a rapidement attiré l'attention. On luia reproché cependant de se comg
en plante annuelle, ce qui a conduit a lui préf&eguianensjsplus productive et plus
persistante. Les dégats causés par lanthracnose sur cette derniére ont contr
réhabiliterS. hamataSa tolérance a cette maladie, son aptitude a s'associer auxgram
et sa résistance auxfeux de brousse lui ont conféré une importance toute nouvelle.

Actuellement en Coéte d'lvoire, sa capacité a persister en association avef
graminées pérennes comiPanicum maximurav. C1 en fait une espéce de choix pour
création de prairies permanentes.

Au Sénégals. hamatdut introduit au Sine-Saloum et en Haute-Casamance o
s'est révélé trés adapté. Il n'a cependant pas été vulgarisé, car il doit concurrencer le
(Vigna unguiculata qui lui est traditionnellement préféré et qui, comme plante a uss
multiples, est mieux intégré dans les systémes culturaux. C'est donc sur cette de
espéce que les efforts de recherche se poursuivent d&82is

Au Burkina Faso, des essais dintroduction de légumineuses fourragéres ¢
particulier de diverses especes et variétéStglmsanthesnt montré qué. guianensis, S.
hamataet S. scabrapoussaient bien en région soudano-sahélienne mais n'étaient
suffisamment pérennes pour étre vulgarisées (Klein, 1977). Des expérimenta
fourragéresde la FAO au Mali, au Burkina Faso et au Niger (sous climat sahélo-soudz
ont montré queStylosanthegpouvait étre utilisé pour l'amélioration des parcoul
moyennant des mesures strictes de gestion et des programmes de mise en défense
a vulgariser (Dalebroux, 1986).

Stylosanthes humilis

Encore appelée luzerne de TownsvlBehumilisest une espéce annuelle quia conr
un vif succes dans certaines régions semi-arides d’Australie mais n'a malheureuseme
montré en Afrique la méme capacité de dissémination que dans le Queensland
tentative damélioration des parcours dans la région de Ouagadougou (Burkina Fas
semis aérien fut conduite par des Australiens, mais n'eut aucun effet notable.

Stylosanthes fruticosa

Etudiée en raison de sa résistance a la sécheresse, cette espéce autochtone c
en Afrigue n'ajusqu’a présent pasdonné de résultats agronomiques suffisants pour jL
une vulgarisation.



Stylosanthes scabra

En dépit de sa résistance a la sécheresse et au broutage, cette espece, dont ¢
variétés sont résistantes a lanthracnose, est encore peu utilisée principalement en
de sa trop grande sensibilité aux feux de brousse.

Nouvelles introductions

Un nouveau programme d’introduction de plantes fourrageres tropicales
actuellement en cours. Le programme RABAOC (Réseau daliments du bétail d'’Afr
de 'Ouest et centrale) teste dans neuf pays d’Afrique occidentale et centrale du me
végétal proposé par le CIAT et par le CIPEA. Il a pour but d'identifier les plaésilole
valorisation de ces plantes pour lalimentation du bétail en zones humide et subhu
c'est-a-dire dans les régions d’Afrique recevant plus de 1 000 mm de pluies par an
situées au sud du 4paralléle nord. Dans ce cadre, plusieurs espéc8gtisanthesont
étudiées, les principaux critéres d'évaluation étant la facilité d'établissen
(comportement et acclimatation), la production de biomasse en saison hur
ladaptabilité a la saison séche (production de matiere séche et rythmeodesse aprés
coupe) et la capacité de production de semences.

Par ailleurs, la rapidité de couverture et les phases phénologigues sont observé
nombre des introductions actuellement a 'étude dans le cadre du programme RAB.
citons S. capitatacv. Capica (CIAT 10280)S. guianensisv. Pucallpa (CIAT 184)S.
guianensisvar. pauciflora (CIAT 10136),S. macrocephalav. Pioneiro (CIAT 1281)S.
hamata(CIAT 147),S. hamatayv. Verano (provenance CIPEA)®&tsympodiali§CIAT
1044).

Ilressort desrésultats préliminaires de deuxannées d’'observation que dansl'ens
des sites, les deuxintroductions les plus prometteuses éfaigmanensisv. Pucallpa et
S. hamatacv. Verano. La premiére s'est bien comportée en ce qui concerne la fa
d’établissement, la production de biomasse, la résistance a la saison seche et la pro
de semences. Elle est suivie de tres prés par la vap@iéiflora, qui ne produit
malheureusement guére de semences. Ces deux introductions se sont révélées j
relativement peu sensibles a l'anthracnose.

Quant &. hamatail a été trés bien noté pour laifdé d'établissement, la production
de biomasse en saison des pluies et la production de semences, mais il se comporte
une plante annuelle.

Les especeS. macrocephalatS. sympodialisemblent les moins prometteuses fau
dune bonne adaptation a la saison seche.

D’autres écotypes, ycompris d'origine africaine, seront prochainement introduits
les essais.

Résultats agronomiques

Mise au point des techniques culturales

La revue des publications et des rapports publiés au cours des années 60 et 70
limportance accordée aux études agronomiqueS.dgiianensipar rapport a celles des
autres légumineuses fourragéres. Des expérimentations trés diverses ont été effe
avec pour objectif de mettre au point les techniques de semis, de fumure, de déshe
de hauteur de coupe et de durée d'exploitation de cette espece. Elles ont été col
pour beaucoup en Cobte dlvoire (Roberdeal, 1978; Messager, 1984) et ont bénéfici
desrésultats acquis en République centrafricaine, a Madagascar, au Cameroli®qRio
Yonkeu et al, 1985) et au Sénégal. Des fiches techniques ont été produites dal
nombreux pays, ainsi que des monographies synthétisant les connaissancesl@¥ddru



Les techniques de culture proposées different selon les objectifs dinstallatio
d’exploitation de la Iégumineuse.

La production de semences a été bien maitrisée. En particulier, le déshe
chimique a été mis au point, proposant plusieurs formules. Le désherbage a égalem
proposé pour la mise en place de prairies et s'est avéré compétitif avec de si
gyrobroyages.

Rendements

Les chiffres de rendement sont nombreux et différent selon les conditions de cu
de climat et d’exploitation. Robergs al. (1976) rpportent a Tombokro, dans le centr
de la C6te d'lvoire (1 300 mm de pluies/an), des chiffres de 4,5 a 12,0 t de matiére
par hectare (tableaux 1 et 2) pour une culture pure en sec en fauche intégrale.

Tableau 1. Rendements d8&tylosanthes guianendis MS/ha) a Tombokro (Céte d'lvoire) sur so
gravillonnaire induré en profondeur

1"®année  2année 8année Moyenne
Sans fertilisation 7.4 6,5 4,5 6,1
Avec fertilisation (P, K, CaO, MgO) 10,5 11,2 7,2 9,6

Tableau 2. Rendements dgtylosanthes guianendis MS/ha) a Tombokro (Cote d'lvoire) sur so

profond
1" année 2année 8année Moyenne
Sans fertilisation 10,9 7,6 5,6 8,0
Avec fertilisation 12,0 10,7 7,7 10,1

La capacité de charge est en moyenne de 1,6 et 2,5 UBT/ha sur sol gravillor
respectivement sans et avec fertilisation contre 2,1 et 2,7 UBT/ha sur sol profond
chiffres sont en harmonie avec les résultats d'essais de charge réalisés a Bouaké (1
de pluies/an) en C6te d’lvoire, ou une charge de 1,8 téte/ha a été observée pour de
au paturage si8tylosantheson fertlisé, chiffre qui passait a 2,3 tétes avec un compléme
de graines de coton et de farine de riz. Par ailleurs, une charge de 2,9 tétes/he
enregistrée pour des taurins N'Dama et Baoulé en embouche de longue duré
StylosanthesEnfin, la charge était de 2,3 tétes/ha pour la finition de boeufs N'Dam:e
4 ans sur paturage @&ylosanthede 2 ans.

Avec irrigation, les rendements ont atteint a Tombokro 20 t de MS par hectar
premiére année, mais la culture pure ne peut étre maintenue plus de trois al
production de semences au cours d'un cycle annuel est en moyetdteade50 kg/ha. Le
rendement optimum semble cependant avoir été obtenu a Wakwa (Cameroun)
400 kg/ha (Rippstein, 1985).

Valeur fourragéere

Les espéces d8tylosanthesont fait I'objet de nombreuses analyses fourrager
(Riviere, 1978). Les résultats de lanalyse chimiqueSdeyuianensisont présentés au
tableau 3. Indépendante de la longueur du temps de repousse, la valeur four
demeure élevée pendant la saison séche.



Tableau 3. Résultats de 'analyse chimique du fourrageStidosanthes guianenss Cote d’lvoire

Temps de Matiere ProtéinesCellulose MAD UF/kg MAD/
repousse seche brutes brute Ca P Mg K (%) MS UF
(jours) ) ) (%) (% de MS)
28 20,40 18,97 2408 150 045 0,34 242 149 0,73 204
42 18,87 19,23 2519 1,37 044 033 2,64 151 0,73 207
56 19,16 16,60 27,18 1,45 0,36 0,26 2,62 125 0,70 179
70 19,96 16,15 2722 1,42 0,32 0,29 2,61 12,1 0,69 175

Des mesures dingestibilité ont été effectuées sur des bovins en Coéte d'
(Glattleider, 1976) et au Canmrn (Rippstein,1985) (tableau 4) et des travaux s
poursuivent actuellement & Bouaké sur la digéisébn vivo.

Tableau 4. Consommation moyenne d'ensilage et de foitglesanthepar de jeunes femelles zébu

Ensilage Foin
Age kg MS/ kg MS/100kg kg MS/ kg MS/100kg
(jours) tatelj PV/j tatelj PV /j
0-20 2.8 1,1 4.7 16
20— 40 3.1 12 51 18
40— 57 25 1,0 43 15
Moyenne 2,8 1,1 4,7 1,7

Etant donné que sa composition chimique est proche de celle de la ludedieago
sativa), il a été envisagé de cultivér. guianensipour la production de farine destinée
lalimentation des monogastriques. Les recherches ont montré que la plante entiére
trop riche en lignine. La farine de feuilles est plus riche que celle de la luzerne en ce
acides aminés, principalement la lysine, en oligo-éléments et en pigments carotén
mais plus pauvre en tryptophane et en phosphore. Il n'est guére recommandésde |'
pour lalimentation des voides alors qu'elle est tout a fait acceptapleur les porcs. Ce
projet de production de farine & guianensifut abandonné en raison du prix élevé c
cette farine, une situation imputable a la faible durée d’exploitation de la prairie en fa
et au faible rendement en feuilles pappart a la production d'une luzerniére (Dalibarc
1981).

Effets sur la fertilité du sol

Un essai comparatif de plantes fourragéres a été conduit a Tombokro (Céte d’l\
pendant trois ans sur quatre graminées.@uianensid.a production était intégralement
fauchée et sortie du champ. Deux régimes de fertilisation étaient appliqués: soi
fertilisation destinée a compenser approximativement les exportations minérales (F
pas de fertilisation (O). Aprés ces trois ans, du mais a été semé avec (F) ou sa
fertilisation. Les résultats sont résumés au tableau 5 (moyenne de quatre essais).

Ces résultats montrent que les rendements en mais étaient plus élevés lors
engrais étaient appliqués sur les cultures fourragéres précédentes plutét que sur
lui-méme. Par ailleurs, les graminées sont un moins bon précédent culturel g
[égumineuse. Celle-cia apporté au sol une quantité d'azote estimé&@hétel50 kg/ha.



Tableau 5. Rendements en mais (t’ha a 15% dhumidité) apres trois ans de cultures fourrageé

Tombokro
Fertilisation des plantes fourrageres oui oui oui non
Fertilisation du mais oui oui oui non Moyenne
Précédent:
Panicum maximum 4,09 2,43 2,62 1,12 2,57
Pennisetum purpureum 4,96 3,75 3,45 1,42 3,40
Brachiaria mutica 4,78 3,68 2,87 1,06 3,10
Melinis minutiflora 511 4,45 2,19 0,71 3,11
Moyenne graminées 4,74 3,58 2,79 1,08 3,08
Stylosanthes guianensis 6,22 5,30 3,57 1,84 4,23
Différence en valeur 1,48 1,72 0,78 0,76 1,15
Différence en % (+ 31) (+ 48) (+ 28) (+ 70) (+ 37)

Par contre les teneurs du mais en phosphore et en potasse étaient faibles apres tc
plantes (Roberge, 1976).

Stylosanthes et intensification fourragere

Les premiers objectifs furent d’enrichir la flore des paturages naturels et d'amél
la jachére traditionnelle en la raccourcissant. Par la suite, la mise en place de culture:
entrait dans des systemes plus intensifs d'affouragement. L'évolution des prat
délevage s'est appuyée en partie sur lemploi de cette [égumineuse.

Les essais d'amélioration de la flore des paturages ont souvent été décevants c
persistants.

Les dispositifs de recherche en station se sont orientés rapidement vers des sy
délevage intensifiés avec recours a des prairies permanentes ou temporaires
d'espéces fourrageres sélectionnées. D'abord ce furent des associations gram
[égumineuses, pulStylosanthesn culture pure.

Desessais de complémentation de saison seche pour desbovinsontdonné desr
intéressants (Rippstein, 1985).

Néanmoins, on a identifié plusieurs difficultés d'utilisation. D'abord, I'établissems
par semis est difficile en raison des exigences de la préparation du sol. Les premiéres
de la végétation sont lentes et les graminées comme les adventices peuvent étol
légumineuse. Il faut alors l'aider par un passage rapide du troupeau ou par un gyrobr
Par ailleurs, l'association avec une graminée est trés difficile a maintenir et la gestiol
étre rigoureuse car la plante résiste mal au surpaturage. L'exploitation doit interveni
les 45 a 60 jours en saison des pluies. Un temps de repos de plus de 100 jours est |
Exploitée en fauche, la légumineuse doit étre coupée chaque fois un peu plus haut
base des tiges se lignifie. La pérennité ne dépasse guére trois ans. Il convient égaler
noter queStylosanthes guianensis résiste pas au feu alors @idamataégénere a partir
de ses semences apreés le passage du feu. Enfin, étant donné que I8tgosdrthesst
de qualité médiocre car les feuilles se séparent des tiges, ces [égumineuses convi
mieux a des réserves sur pied.

L'amélioration des savanes et la constitution de prairies artificiellessa\giganensis
ont perdu beaucoup de leur intérét depuis les dégats dus a l'anthracnose. Tant
nouvelles variétés résistantes a cette maladie n'auront pas été trouvé&dgloleanthes
auront peu davenir dans les zones humides.



Jusqu’ici, les techniques ont rarement dépassé les limites des stations de rect
Aux difficultés techniques d'établissement, de gestion et de pérennité déja citées s
la concurrence des sous-produits agricoles, notamment ceux de la culture du cotol
faciles a utiliser, plus efficaces et moins chers.

Les modeles dintensification fourragere actuellement vulgarisés en milieu pa
sont basés sur des systémes choisis en raison de leur capacité de tolérance des el
gestion, comme le surpéaturage et les feux. Dans le nord de la Céte d'lvoire, ils vis
mieux promouvoir lintégration des éleveurs transhumants dans les terroirs agricole
vue de lutter contre les problémes sociaux liés aux dégats des troupeaux sur les cL
Cessystémes comprennent des paturages asseai@notim maximurav. C1 efS. hamata
cv. Verano. Ces surfaces représentent un niveau dintensification intermédiaire a
limité et sont destinées a maintenir les animaux parqués pendant toute la saisc
cultures, cest-a-dire jusqu’en décembre (Dulieu et César, 1989).

Conclusion

Malgré les qualités destylosanthepar rapport a la plupart des autres légumineus
les éleveurs des régions d’Afrique de 'Ouest ne disposent pas de variétés suffisar
faciles a semer, persistantes, résistantes au feu, économiques et de bonne quali
généraliser l'utilisation de cette culture fourragére. La recherche d'espéces plus ad:
parait plus que jamais nécessaire.

D’autre part, le recours aux cultures fourragéres dépend beaucoup des pri
produits d'origine animale et de leur capacité de promouvoir lintensification de
production.

Enfin, des progrés doivent étre réalisés dans l'organisation des productions agr
et animales au niveau des terroirs en vue de tirer le meilleur parti possible des ava
des légumineuses fourrageres.
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Abstract

To improve livestock productivity in sub-Saharan Africa sustainable solutions to sea:
deficienciesin feed availability and quality are required. Traditionally, livestock rearing
been the specialised vocation of nomadic and transhumant pastoralists and therefc
a longtime, technological changesin livestock and feed production management stra
have been targeted at this group. During the last two decades nomadic pastoralist
been settling in large numbers for several reasons and for a long time settled pastc
were not considered a potential target group for improving livestock productivit)
sub-Saharan Africa. When ILCA started work in the subhumid zone of Nigeria in 19¢
saw an opportunity to complement national research by introducing improver
interventions among sedentarised agropastoralists.

Settled pastoralists take up cropping on a regular basis and part of their ava
resources are diverted from livestock to cropping activities. During the last two dec
the number of arable farmers investing in livestock has also increased. These trends
an emergence of more strongly integrated crop-livestock systems across sub-S:
Africa which may eventually help cope with the need for greater agricultural output.

To overcome feed deficiencies, various forages, inclu8itygpsanthesyere found
promising. However, until recently none of the species were adopted by the far
because there is no tradition of growing forages in West Africa. Hence, there had
closer interaction with the producers to biotechnically and socioculturally tailor forage
the prevailing farming systems. This required a multidisciplinary team to address
complex issues of species compatibility, competition, rotational sequences
management for developing forage—crop associations. These were the main focus of
feed development research and the ge3tylsantheprovided the principal germplasm
for on-station and on-farm research. Major findings by ILCA from this work during
past decade are summarised in the papers presented at this workshop.

Utilisation du Stylosanthes dans la mise en valeur des
parcours: synthese des travaux du CIPEA au Nigéria

Résumé

L'amélioration de la productivité du bétail en Afrique subsaharienne passe parla |
au point de solutions viables aux problemes des pénuries alimentaires saisonniéres €
qualité médiocre des aliments du bétail. Etant donné que I'élevage a traditionnelleme
la vocation exclusive des éleveurs nomades et transhumants, ces demiers furent p
longtemps les seuls groupes cibles des innovations technologiques en matiére de ges
cheptel et de production alimentaire. Au cours des vingt demiéres années, de non
éleveurs nomades se sont sédentarisés et ce, pour plusieurs raisons; cependant,



longtemps, ils n'ont jamais été associés aux actions visant a promouvoir le développem
I'élevage en Afrique subsaharienne. Lorsqu’en 1987 le CIPEA commencga ses travau;
la zone subhumide du Nigéria, le Centre inclut ces agropasteurs sédentarisés dans sest
élargissant ainsi le champ de la recherche sur I'élevage au Nigéria.

L es éleveurs sédentarisés pratiqguent régulierement l'agriculture et détoumnent une |
de leurs ressources de I'élevage pour les consacrer aux activités agricoles. De méme, le r
de paysans quiinvestissent dans I'élevage a également augmenté au cours des vingt d
années. Ces tendances sont les signes précurseurs de I'émergence, partout en .
subsaharienne, de systémes mixtes plus profondément intégrés, lesquels pourraient pe
enfin d'augmenter la production agricole dans la région.

Certaines espéces fourrageres prometteuses, dont certaines appartiennent au
Stylosanthespourraient aider a résoudre le probléeme des pénuries daliments du bé
Jusqu’a une date récente cependant, elles n’étaient toujoussipgsées parles paysans dan
la mesure ou, partradition, les plantes fourrageres ne sont pas cultivées en Afrique de I'C
Par conséquent, il faudra créer en étroite collaboration avec les producteurs les condi
biotechniques et socio-culturelles nécessaires pour les introduire dans les systemes agre
la région. Cela suppose la mise en place d'une équipe de recherche pluridisciplinaire
étudier des probléemes complexes, y compris en ce qui conceme la compatibilité
concurrence entre especes, la séquence des rotations et la gestion des diverses espéc
de déterminer des associations appropriées entre les plantes fourragéres et les cultures
ainsi d'ailleurs que I'on peut résumer les objectifs des recherches effectuées par le CIPI
station et en milieu paysan sur les aliments du bétail, recherches basées sur du m
génétque ds&tylosanthed. es principaux résultats enregistrés dans ce domaine au cours
dix demiéres années sont résumés dans diverses communications présentées au
séminaire.

Introduction

It is estimated that there are 14 million cattle and 56 million small ruminants in Nig
(RIM, 1992). Despite this, the cost of imports of milk and meat products int@treny

has reached such high levels that a ban on their importation was recently imp
Ruminant livestock are mainly kept by a single tribe, the FulBe, whose way of life ral
from nomadism to permanent settlement. The majority are semi-settled and concen
in the drier north where the length of growing period is less than 180 days. In this zon
seasons are harsh and long and, as the tsetse fly recedes, herds are taken south f
and fodder. However, the last decades have witnessed an increasing trend in the sett
of pastoralists in the subhumid zone (defined by a growing period of 180-270 day:
rainfall of 900-1500 mm). Several factors such as the recent droughts, effective f
control and increased cultivation have favoured this process of pastoral sedentarisa

Natural pastures provide the cheapest source of nutrients for ruminants, but f
meet the nutritional needs of livestock throughout the year. Herbage growth follow:
rainfall pattern and it is predominantly made up of low-quality grasses (Figure 1). Like\
crude-protein content in the herbage is sufficient for maintenance and production d
only three to four monthsin a year. By the end of the dry season, body-weight losses
to 10-20% are common. This nutritional stress is associated with reproductive wa:
deaths and prolonged calving intervals in traditionally managed herds.

Large responses to feed supplementation have been reported in researcher-m:
trials of various national institutions and were confirmed by ILCA. In some ca:
supplementation with concentrates increased the calving rate to 77% compared witt
in unsupplemented herds (Synd®80). Although a few resourceful pastoralists wer
supplementing their stock with concentrates (like groundnut and cottonseed cake)
time that ILCA started in Nigeria, feed supplementation with agro-industrial by-prodt



Figure 1. Generalised productivity andtilisation pattem of natural herbage at Kachia Grazin
Reserve.
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is no longer practised due to a 600% price increase and shortages. Thus, the comg
for crop residues, which are of better quality than the natural herbage, has intensifie
crop residue grazing explains why pastoralists prefer to settle in close proximityto cro
communities. Settled pastoralists and agropastoralists, therefore, became the targe
of ILCA.

Research approach and programme

Previous attempts to increase rangeland productivity using conventional techniques
control, prescribed burning, rotational grazing) were unsuccessful because the rang
are communally grazed and indiscriminately burnt. On-station trials have provids
considerable amount of information on the use of forages, particularly of legumes at
crop—forage intercropping. ILCA's first attempt at increasing rangeland product
started in 1980 and involved undersowing the sorghum crops of selected farmers with
(S. guianensisv Schofield and Cook arfsl hamatav Verano). From these on-farm trial:
it was observed that:

- there was no additional cost to undersowing forages as all costs (land preparatic

were borne bythe crop

- forage intercropping conflicted with the weeding practices required for the crop
- fencing was essential to protect the sown legume pastures from itinerant herds.

From these observations ILCA concluded that the techniques used to integrate f
production with food crops were inadequate, even though the intercropping of cerea
grain legumes was common practice in the area. There was ample evidence
agropastoralists were preparedto invest in growing forage cropsand manage these p
provided they were adequately protected to ensure exclusive use by the owner’s he

ILCA’s first-year experience identified the need to increase feed resourcesin a
farming systems and fallow lands. Different levels of researcher-managed/execute



farmer-managed/executed trials were pursued, providing feedback for further on-st
trials (see also Tarawali and Mohamed-Saleem, pp. 183-192).

Improvement of fodder in the arable crop farming systems

The main hypotheses were that forage legumes could be grown in association witt
crops without lowering grain yields and without the need for additional inputs. Vari
techniques for incorporating forage legumes (mainly Verano and Cook stylo)
compatible cereal-forage crop mixtures were assessed.

Undersowing of cereal crops

The optimal sowing time of forage legumes in cereal crops was found to be critica
differed for each cultivar. Sowing Verano stylo three weeks or Cook stylo six weeks:
crop planting caused minimal grain-yield loss and increased the quality of the overall fc
(Tarawali and Mohamed-Saleem, Table 3, p. 189). When both were planted on the
day, a loss of 0.23 and 0.40 kg of grain for the local and improved sorghum, respec
was observed for every kilogram of dry matter (DM) produced from stylo. WF
undersowing is a simple method, the cropped area of individual households is sma
therefore the technique is suitable only for farmers who keep a few animals.

Simultaneous sowing of cereal and legumes

Lower-yielding or slower-growing forage species can be sown with crops without lowe
grain yields and thus avoid the extra labour required when sowing is done later. Su
legumes areCentrosema pascuorurfcentro), Alysicarpus vaginalisand Macroptilium
lathyroideqphaseybean). Unfortunately, seed supply of these species has been inads
for large-scale on-farm testing.

Alternative crop geometry

The main intercropped mixtures in ILCA’s study zone consist of sorghum and soyt
Thus, technigues to incorporate stylo into a sorghum/soybean crop mixture
developed; stylo was planted in several geometric arrangements with sorghum and so
Traditionally, sorghum and soybean are planted in single rows on ridges. Inter-row s
of stylo with two rows of sorghum and one of soybean on alternate ridges produce
highest yields of grain and fodder per land unit, while sorghum stand density remaine
same as in the traditional system.

Fodder improvement in the fallow lands

To supplement the communal grazing, agropastoralists were encouraged to fence ¢
and sow stylo. Land preparation was done by kraaling the herd, and scarified seed
broadcast thereafter. When necessary, the herd was also used for weed control by
before and after stylo sowing. The area was protected from burning by peripheralfire ti
To allow legume yield to accumulate, grazing was deferred until the beginning of the
season. This unit of fenced pasture was calledider bank

Initially, there was a spontaneous response from agropastoralists to establish f
banks. Although designed for cattle, many small farmers established mini- fodder ban
small ruminants (Ikwuegbu et al, pp. 167-174). Subsequently, researchers and fe
assessed different techniques for management fodder banks to suit the resourc
requirements of individual farmers. Because of the promising adoption of fodder b:
the concept has been extended widely by the National Livestock Project Unit (NLI
with credit facilities apported by the World Bank (ieye et al, pp311-316).



Legume-based cropping

To retain pure stands of legumes in fodder banks is difficult, as nitrophilous grasses ir
due to accumulation of biologically fixed nitrogen in the soil. To maintain legu
dominance, the surplus nitrogen has to be taken up by periodic cereal cropping. Be
of land tenure traditions, pastoralists are dependent on the farmers for accessto cro
Thus the direct benefits accruing to cropping from the planted forages could enco
farmers to release their fallow land to pastoralists for short-term fodder banks. Asa r
the crop-livestock enterprises of individual households of the arable farmers
pastoralists could become more spatially integrated.

Research was therefore directed at comparing the input of sown legumes with t|
natural pastures and fallows on subsequent grain production. Trials, with maize as tt
crop, were conducted after growing stylo for different periods of time. Yields of m:
grown on previous stylo plots were comparable to yields of maize fertilised @120
kg N/ha (Tarawali and Mohamed-Saleem, Figure 1, pp. 186-188). These benefits to
were confirmed at various sites across different agro-ecological zones and found t
with management practices. They lasted up to two years and were due to improve
physical properties, especially lower bulk density and higher water-holding cap:
(Tening et al, pp. 113-122).

Subsequently, the search for low-input techniques to grow food crops within e:
lished forage pastures, became an important research priority. As labour in agrope
households allows cultivation of onlyd:1.5 ha per season, a two to three year rotati
within a four-ha fodder bank was envisaged. Farmersfound that stylo pastureswere di
to cultivate and required more labour. This prompted studies on tillage methods. To
cereal crops into existing sown legume pastures three techniques were tried:

Sequential cropping

This technigue requires complete control of growth of legumes during the crop phase,
by application of herbicide, hand-weeding or by cutting and carrying the weeded hel
to feed livestock. The pasture is allowed to regrow towards the end of the season
technique requires sufficient seed reservesin the soil for the rapid regeneration of the

Relay cropping

This involves the suppression of herbage growth up to a specific point after which the
is allowed to grow with the crop.

Intersod transplanting

The cereal crop is raised in nurseries and transplanted later in the pasture. This
selection of vigorous crop stands and growing cereal and fodder crops simultaneousl
technigue may be desirable in dry years or when the growing season is short due to
rainfall.

Technology refinement

Problems arose when feed improvement technologies were transferred to farmer:
following examplesillustrate how perception offteologies by farmersinfluenced ILCA'’s
research.

Fodder-bank establishment

The recommendation for seed-bed preparation by intensive overnight kraaling of an
for a number of nights was not generally accepted. Although adopters complied
objected to grazing earlyin the rainy season for fear of worm infections being passed
the cattle through the accumulated dung. Earlygrazingis necessaryto prevent fast-gt



grasses and herbs smothering the slow-growing legumes; therefore, alternative me
for fodder-bank establishment were required.

Nutrient and water-management trials

Responses to P-féliser differed and some farmers were gipainted with their fodder
yields. This prompted a detailed study of soil nutrients and moisture use by legun
different soil types. For example, a preliminary study using a nutrient-omission techr
identified serious Cu-deficiencies in ferric Luvisols, the correction of which was neces
for higher productivity, particularlywhere only marginal soils are left for fodder product
(Tening et al, pp. 113-122).

Legume screening

As the fodder-bank concept spread to different ecozones, the attributes of stylo
guestioned. At the same time, Cook and Schofield stylo became susceptible to anthra
while the risk of relying only on Verano stylo became apparent. Therefore in 19¢
screening programme was started and up to 400 newlineswere recorded by 1985. A
search to identify more disease-tolerant and adaptable species was undertal
collaboration with Centro Internacional de Agricultura Tropical (CIAT), Commonwes
Scientific and Industrial Research Organization (CSIRO) and national instituti
Among the stylo lines CIAT 136 and 184 were identified as very tolerant to anthraci
while being highly productiveCassia rotundifolia, Centrosema pascuonand Lablab
purpureus for drier zones andentrosema acutifoliunfor wetter zones were found
promising (Tarawali et al, pp. 81-95). Therefore, with the assistance of a comme
grower, seed production of these cultivars was encouraged.

Nodulation

While Stylosanthes capitat@roved very promising in terms of growth, quality an
persistence, it did not nodulate with the indigenous cowpea type rhizobia. Therefore
Ahmadu Bello University was brought in to address this problem (Tening et al, pp.
122).

Wet-season grazing of fodder banks

In areas where the cropping intensity is high, livestock suffered from feed constrair
both the wet and the dry season, making the year-round use of fodder banks an imp
issue (Mani et al, pp. 155-165; de Leeuw, pp. 325-334; Agishi, pp. 275-285; lkwueg
al, pp. 167-174).

Conclusion

Large and small ruminant livestock are important in most smallholder production sys
of sub-Saharan Africa. However, wherever they are and whatever role they play se
inadequacy of feed, in terms of both quantity and quality, remains a common constrai
improved livestock productivity.

When livestock producers settle, the opportunity of moving livestock to unoccu|
savannah rangelands decreases and more cropping becomes an important part of tl
ILCA’s feed-improvement techniques have been targeted at settled agropas
smallholder systems. Improvement of feed quality and quantity has been the major
and the genuStylosanthedias been used for this purpose. This paper summarises
research philosophyand programme, frt8#8, when ILCA started work in the subhumi
zone of Nigeria, up to 1985-86. Details of various research activities were presente
report by von Kaufmann et al (1986). Research advances made after 1986 to im
livestock feed usin§tylosantheare reported in these proceedings.



References

von Kaufmann R, Chater Sand Blench R (eds). 1986stock systems research in Nigeria’s subhum
zoneProceedings ofthe Second ILCA/NAPRI Symposium held in Kaduna, Nigeria, 29 Oct
— 2 November 1984. ILCA (International Livestock Centre for Africa), Addis Ababa, Ethiof

484 pp.

RIM (Resource Inventory and Management). 1888erian livestock resources. Volume 1: Executi\
summary and atlasRIM, Jardine House, St. Helier, Jersey, UK.

Synge B. 1980Factors limiting cattle ppductivity in highland areas of NigeridReport for CTVM
(Centre for Tropical Veterinary Medicine), Easter Bush, Midlothian, Scotland, UK.



Evaluation of Stylosanthes for selected farming
systems of tropical America

J.W. Miles, R.J. Thomas, C.E. Lascano,! M.J. Fisher? R. Vera?
and J.I. Sanz?

Centro Internacional de Agricultura Tropical (CIAT)
Apartado Aere®713/Cali
ITT Dialcom ID 57:CG1301
Cali, Colombia

Abstract

The performance dbtylosanthespp as an animal feed or as a ley crop is described \
results from both experiment station and on-farm research. UBlofanthespp in the
American tropics is essentially confined to extensive grazing systems, including oversc
into native range, in improved grass/legume associations, or aslegume banksto supp
either native range or improved, pure grass pastStglesanthes also being successfully
integrated in crop/pasture production systems. The most important attributes of succ
Stylosanthesultivars, used as pasture or ley in tropical America are resistance to dis
high seed yield and adaptation to infertile soils.

Evaluation du Stylosanthes dans quelgues systemes
agraires en Amérigue tropicale

Résumé

Les résultats de l'évaluation, en station et en milieu réel, de diverses espéc
Stylosanthesitilisées comme source d’aliment du bétail ou dans les jachéres sont prés:
En Amérique tropicaleStylosanthegst essentiellement utilisé dans les systemes de parc
extensifs. Il est semé sur parcours naturel, associé avec des graminées ou utilisé de
banques de légumineuse pour complémenter le fourrage des parcours naturels ©
paturages améliorés de graminées pugislosanthegst en outre intégré avec succes dal
des systemes de production agricole et fourragére. L es principales qualités de ses cultiv
plus utilisés en Amérique tropicale dans les paturages ou les jachéres sont la résistan
maladies, une excellente production de semences et une bonne adaptation aux sols

Introduction

Successful use @tylosanthespp as a supplement to native range or as a componel
sown grass/legume pastures is relatively recent in tropical America. Before 1970, att
to use commerciabtylosanthespp cultivars selected in Australia generally resulted
failure due to the severe susceptibility of these genotypes to anthracnose disease (
by Colletotrichum gloeosporioides In the early 1970s CIAT (Centro Internacional d
Agricultura Tropical) began to acquire and screen large collectiorStyddsanthes

1. Tropical Forages Program, CIAT, Apartado Aéreo 6713, Cali, Colombia.
2. Savanas Program, CIAT, Apartado Aéreo 6713, Cali, Colombia.



germplasm. This hasresulted in the identification of genotypes with sufficient anthrac
resistance to persist where the disease is prevalent.

Use ofStylosanthespp in tropical America is essentially limited to extensive grazi
systemsStylosanthelnes have been tested in diverse grazing systemsincluding overso
into native savannah, supplementation of native savannah or improved grass pastul
protein banks and in improved pastures in association with introduced grasses.

The effect ofStylosantheon animal performance and soil fertility is bein
documented. Results are now available both from on-station and from on-farm rese
Four Stylosanthegultivars have been released in tropical America (CIAT, 1991) ¢
significant adoption has been documented (Ferguson et al, 1989).

This present paper summarises results of experiment station and on-farm expe!
with Stylosantheas animal feed and as a fallow crop in tropical America, and consic
some ofthe attributesrequired of a succe &ffylbsanthesultivar for different production
systems.

Supplement to native savannah

Oversown legume

Improved forage legumes, includifgylosanthespp, are not commonly utilised in tropica
America to supplement native range. However, two experimental situations wi
Stylosanthesvas sown in native savannah have been documented at the Carirnr
Research Station in the eastern plains of Colombia. WB&yplesanthegapitata was
oversown into native savannah in strips at a rate of 1500 or Zzsﬁﬂlegume per animal
and grazed continuously, no effect of the legume on animal liveweight gain was det
(Hoyos, 1987). This was attributed to the extremely loapprtion of legume on offer
(<1%) in the grazed savannah. The low proportioB8.ofapitatain the forage on offer
was probably due t8. capitata’'shigh palatability relative to the native savannah speci
resulting in theStylosanthebeing grazed out.

In a separate trial established at Carimagua to assess the consumption and pers
of a range of legumes sown in native savannah under periodic mob gf@zioganthes
guianensisvar pauciflora (CIAT 2031) formed as much as 37% of the forage on off
(CIAT, 1991).S. guianensisias among the most productive of the 10 legumes include
the trial. However, consumption of tise guianensia/as very low and constituted only 9%
ofthe diet (measured in the extrusa of oesophageal-fistulated steers) evenin the dry:
despite its large contribution to the forage on offer. Given the low palatability of the n:
range grasses, persistence of an associated legume in grazed savannah may depen
legume also being of low palatability.

Protein banks

Supplementing native range with legume or protein banks offers the prospect of
intensive management ofthe legume allowing better persistence of a palatable legum
asS. capitata In a study conducted at Carimadbiaapitataprotein banks were used tc
supplement native savannah pastures (Schneichell®88a; 1988b). In this trial grazing
animals were given free access to the banks throughout the year. Legume consur
reached 50% of the diet during the dry season. Protein intake was higher during tt
season than during the rainy season (0.44 vs 0.31 kg/animal/day). However, a
performance was poorer during the dry season than during the rainy season (0.27
kg/animal/day). This suggested that digestible energy, rather than nitrogen, was lin
animal performance on native range, particularly during the dry season. This conclus
supported by a subsequent comparison of a pure legume protein Baatkaria



phaseoloidéswith an energy bank consisting éindropogon gayanuandS. capitata
(Lascano and Plazas, 1990). Animals grazing native savamupghiesented with the
energy bank performed better than those grazing unsupplemented native savanne
vs 117 kg/animallyear) or those grazing native savanmahlesmented with a protein bank
(157 vs 113 kg/animallyear). While the use of legume banks might be feasible in |
intensive animal production systems, management of these banks is difficult in the
extensive systems generally encountered in the tropical American savannahs. Acc
the banks must be controlled to avoid overgrazing and consequent loss of the legum
accumulation of nitrogen in pure legume banks quickly leads to weed invasion a
resulting degradation of the protein bank (Schneichel et al, 1988a). A further disadva
is that most of the nitrogen fixed by the legume in a protein bank is unavailable to the
pasture.

Stylosanthes guianensiar pauciflora protein banks were compared witleucaena
leucocephalan the Brazilian Cerrados (Zoby et 8990). Six per cent of the area of nativ
range was sown with legume. Legumes were oversown in a@igazd satival.) crop
following clearing and fertilisation on an acid (pH = 4.8) low fertility, dark red Latos
Stylosanthebanks received only half the lime (1.6 vs 3.2 t/ha) and single superphosg
(0.5vs 1.0 t/ha) as tHeeucaenaanks. The experimental area (native range plus legu
bank) was subdivided and grazed rotationally.

Over a period of 532 days, daily weight gain of heifers was higher with the legume
supplement than on pure native savannal®4@.or 0.404 vs 0.226 kg/animal f&.
guianensiorL. leucocephaldanks vs native savannah, respectively). Performance in
dryseason was better on theguianensighan on thé . leucocephalessupplemented range
(0.107 vs -0.045 kg/animal, respectively). Better performance of animals gr&zin
guianensidanks in the dry season was attributed to its better retention of green leaf
drought tolerance @&. guianensig/as, in turn, attributed to its inherently better toleran
to acid soil, resulting in deeper rooting and greater access to soil moisturd. the
leucocephala

The authors conclude that the use of small areas of legume bank planted with r
supplement native Cerrados range can make a net contribution to the production ¢
of one tonne of rice ar2B3 kg of additional animal liveweight gain over two years, relati
to the use of unsupplemented native range (Zoby £980). The authors do not mentiot
degradation of the legume banks, probably owing to the more intensive manage
(including controlled access to the banks) than in $hecapitatabanks used in the
Colombian Llanos. Better performance of Sigguianensibanks in Brazil may also be, in
part, due to the inherently lower palatability®fguianensisar paucifloracompared with
S. capitata

Supplement to improved grass pasture

Improved grass— Stylosanthes pastures

The widest experience wit8tylosanthespp in tropical America is as a component «
improved grass—legume pastures. Animal performance, grazing selectivity and ft
quality of A. gayanukS. capitatapastures have been well documented for the Colomb
Llanos, both on-station (Bonhert et #885; Bonhert et al1986; Lascano and Thomas
1990) and on-farm (Vera and Sere, 1990). Weight gains exceeding 200 kg/animallyea
been recorded (Thomaset al, 1987). However, theuatofS. capitatan forage-on-offer
tends to decrease over time. Sifgecapitatais essentially a biennial, its presence in tt
pasture depends upon seedling recruitment which is not reliableAingayanugasture
due to strong competition from the established grass (Rojas and Lascano, 1991).



Experience witls. capitatan improved grass/legume pastures on commercial ranc
in the Colombian Llanos confirms the significant contributionSo€apitatato animal
performance compared with pure grass pastures. On one farm where heifersfgra
gayanus/S. capitatpastures, they reached their breeding weight of 300 kg in 24 mor
whereastheyrequired nearly 40 months on pure savannah pastures (Vera and Sere
The proportion of. capitatan old (9—11 yearsh. gayanusased pastures appearsto k
associated with soil texture, with a higher legume content on sandy soils (CIAT, 19
Economic analysis of thesB. capitatabased pasture systems shows they are via
(Thomas et al, 1987).

Between 1986 and 1988 over 14 tSofcapitataseed was produced and about 3000 |
of A. gayanus/S. capitag@astures were planted in the Colombian Llanos (Ferguson e
1989).

S. guianensigv Pucallpa (CIAT 184) was one cponent of a legume “cocktail”
(including Desmodium heterocarpoavalifolium, Centrosema acutifoliupnCentrosema
pubescenandCentrosema macrocarpuntested inBrachiarna decumbenbased pastures
in on-farm trials in the Peruvian humid tropics (Locker, 1992). While it is impossible
attribute the 5-17% increase in milk production with legumes exclusivelyto anyone spe
it is likely thatS. guianensisvas largely responsibles. guianensisstablished more rapidly
and at least initially was the dominant legume in these pastdrgsianensisontent in
the pastures over time was influenced by management. On two farms where pe
burning of the pastures was practi€djuianensisontent remained high (approximatel
30% of forage on offer) while the contribution G&ntrosemaspp andD. heterocarpon
ovalifoliumdeclined (CIAT, 1991 pp. 20-58). Where burning was not practised the con
of S. guianensislecreased to less than 20% following two years of grazing. The hic
content ofS. guianensiwith burning was associated with greater recruitment of new pla
from seed rather than greater survival of older plants.

In another set of on-farm trials in the Caqueta Department in ColoBaiehiaria-
based pastures were sown with a legume cocktail contafhirggianensiev Pucallpa,
Arachis pintoj D. heterocarporovalifolium and severaCentrosemapp.S. guianensisas
a dominant component of these pastures following establishment, b&tylesanthes
content has decreased over time. Appareithuianensis not persistent under grazing
in this humid forest ecosystem, although it does have a role in animal performance
the nitrogen economy of the pastures in the early stages of pasture development.

A large grazing trial was established at the CPAC experimental station near Br
in 1987 (G. G. Leite, 199Qynpublished). A. gayanuswas planted with a mixture of
Stylosanthespp Stylosanthes macrocephal@. capitata S. guianensivar pauciflorg).
While the content of all threStylosanthespecies decreased over tirfe guianensisas
the most persistent, representing 88% of the contribution of all legumes after three
of grazing. While severe weight losses occurred during the dry season oA. gay@anus
pastures, animals maintained or even gained weight o8tjfesanthedased pastures (G.
G. Leite, 1992unpublished).

More recent experimental work at Carimagua has documented the positive effe
S. capitataon the yield and nitrogen content of the associated @ esshiariadictyoneura
during the pasture-establishment period, even before the initiation of gra:
B. dictyoneuran association witls. capitataon a sandy soilhad 32% greater above-grou
biomass (2.62 vs 1.99 t/ha) and 50% more nitrogen (2.12 vs 1.41 g?‘m tkan the pure
grass. This remarkably rapid nitrogen transfer from legume to grass was par
attributable to the large amounts of legume litter accumulated during the dry se
(Thomas et al, 1993).



Protein banks

Owing to the difficulty commonly encountered in maintaining adequate species balar
grazed grass/legume associations, the use of legumes in pure blocks to suppl
improved, pure grass pastures has been suggested (Zoby et al, unpul@isheshnthes
has been tested in protein banks to supplemfengayanuspastures in the Brazilian
Cerrados (Zoby et al, unpublished). A significant, though small effect & tigeianensis
bank was detected (9% improvement in live weight during a 33-month grazing perio

Soil-fertility improvement

The development of new, acid-soil-tolerant, blast-resistant rice cultivars in troy
America (Leal et al, 1991; Sarkarung and Zeigler, 1989) has opened a range o
production system options which include pasture-rice rotations, and the establishm:
pasture species simultaneously with a rice crop on newly opened land. Btiiesanthes
is adapted, it inevitably becomes a component of these systems. AttribGtgednthes
spp in terms of their compatibility with crop—pasture rotation systems are currently u
investigation.

Pasture-crop rotation

Early experimentation has shown that rice established following a pasture yields mor
responds less to fdliser than rice sown in newly opened savannah. However, ir
comparison between rice sown following a péregayanuspasture or 8. gayanus/S.

capitatapasture, no effect of the legume was detected either for rice yield or for resp
to fertiliser nitrogen applied to the rice crop due to the very low percentage (< 2%
legume in the oldA. gayanus/S. capitatpastures. A similar comparison of rice yield
following 10 years oB. decumbenalone oB. decumbens/P. phaseoloigesstures showed
a marked effect of the legume on subsequent rice yields where no fertiliser nitroge
applied to the rice crop (2.2 vs 1.0 t/ha). For productive @adstanthepastures with

good legume content a similar response is expected.

Establishment with rice

A. gayanusandS. capitatawere successfully established when sown simultaneously v
rice in newly opened savannah. SowingdofjayanusandS. capitatawith a rice crop had
no detrimental effect on rice grain yield. At rice harvest, 1.8 or 0.4 t/ha of above-grc
biomass was measured fér. gayanusor S. capitata respectively, and grazing wa
commenced shortly following the rice harvest.

Pasture reclamation

DegradedB. decumbengastures have been successfully recuperated with a rice «
undersown with a mixture @&. capitateandC. acutifolium.Ten months after rice harves
B. decumbenpastures without legumes had only about one-third of the total forage
offer as pasturesreclaimed with rice and undersown legume (2.1 vs 7.8 t/ha total dry m:
Furthermore, nearly one-third of the total DM on offer in the Biréecumbengastures
was weedy species whereas weeds constituted only 6.4% of the DM on offer
decumbenpasturesrecuperated with legume. The data available do not permit asses
of the relative contribution of the two legumes to the improved productivity of 1
reclaimed pastures.

The effect ofStylosanthespp on subsequent crop performance in pasture/c
rotations will dependipon the rates of nitrogen fixation by the legume, and subseqt
recycling via litter production. Nitrogen fixation rates fBtylosanthespp have been



measured at the Carimagua Research Station in experimental, pure-legume plots (C
et al, 1989). At relatively high rates of P and K ifesdtion (80 and 70 kg/ha, respectively)
nitrogen fixation ranged from 69 kg/ha f8r capitatato 86 kg/ha folS. guianensjsand to
129 kg/ha forS. macrocephalaSubstantially lower rates of fixation were recorded whe
P and K fertiliser was not used (22, 49, or 25 kg/haSocapitata, S. guianensisr S.
macrocephalarespectively).

In grass/legume swards receiving 20 kg/ha P and K or 60 kg/ha P é@hddgijtata
fixed between 18 and 26 kg N/t legume dry matter (DM) and derived over 85% ¢
nitrogen from fixation (Thomas and Asakawa, 1993).

Litter production, nitrogen content and decomposition rates have been estimate
a range of forage species, includiigcapitataandS. guianensi§Thomas and Asakawa,
1993).S. capitatawas found to have a veryrapid rate of decomposition relative to the o
legumes (or grasses), and so was calculated to be able to supplyto the d03&1566 of
the nitrogen requirements of a pasture with 8.5to 1.7 t DM production/year. Estimate
the other legumes, includir® guianensjsvere much lower, mainly owing to their muct
slower rates of decomposition. The rapid decompositio®. ahpitatditter is apparently
associated with its low lignin content, low C:N ratio and high nitrogen concentration.

Attributes associated with successful adaptation
of Stylosanthes

This review of experiences witBtylosanthespp in tropical America permits at least
tentative assessment of the attributes determining the performance of present or
Stylosanthespp cultivarsin diverse grazed pasture systemsin the region. Perhaps the
outstanding general attribute of tBéylosanthespp commonly used in tropical Americe
is excellent adaptation to edaphic stress. BdtiguianensiandS. capitataperform well
on low pH, high aluminium soils with minimal application of fertilis&. capitatais
particularly well-adapted to lighter textured soils, an attribute identified only ai
extensive on-farm testin&. guianensisar pauciflora has outstanding drought toleranc
and is consistently among the highest yielding forage legumes in small-plot, clipping
harvested during the dry season.

Stylosanthespp are easily and reliably established from seed in extensive, low-ir
systems where other legumes, suclCastrosemdail (Locker, 1992; Nada et al, 1992).
Thisis apparently related to good seedling vigour in spite of small seed size. Small see
assures adequate soil-seed contact even where seed is surface broadcast. As Nad
points out, the commercially released or promising forage legumes developed by C
Tropical Pastures Program have been selected on attributes such as high forage vyit
adaptation to savannah ecosystems, rather than for ease of establishment. Perhaj
attention ought to be given to developing simple methodologies for assessing ec
establishment.

Tolerance ofS. guianensito periodic burning was found to be critical to the succe
of S. guianensim on-farm trials conducted in the humid tropics of Peru (Locker, 199
Response to burning has also been investigat&d aapitata(Alejo et al, 1988; Chavez,
1988). In extensive systems, pastures are often intentionallyburned to remove accum
dead vegetation, to control diseases (Lenné, 1982) or insects (Jiménez, 1978) and to
weeds; accidental fire is a permanent threat. The abili§tgbsanthespp to recover
following an intentional or accidental fire, either from plant survival or seedli
recruitment, assures continued legume presence in the pasture.

Tolerance to grazing istylosanthespp is intermediate among promising tropic:
forage legume specieStylosanthespp generally persist better under grazing than t
trailing, twining legumes such d3sentrosemaspp orP. phaseoloidesHowever, when



adapted strongly stoloniferous legumes, suclb aketerocarporovalifolium or Arachis
pintoi, are even more tolerant as their growing points are better protected.

The greatest limitation to the use $tfylosanthes tropical America is due to biotic
stresses, particularly anthracnose disease (Irwin et al, 198&jtylasanthespp are native
to the American tropics, they are subject to attack by a diverse range of endemic patt
and insect pests (Lenné and Calderdn, 1984). Resistance to these biotic stresses dc
in natural germplasm (Miles and Lenné, 1984). Tessitytpsanthegermplasm accessions
in their tropical American centres of origin, where pathogen diversity is supposed t
greatest, is an ideal way of identifying durable host-plant resistance (Lenné et al, 1
Given the pathogenic diversity of the anthracnose pathogen, use of genet
heterogeneouStylosanthesultivars has been suggested (Miles and Lenné, 1984). -
commercialS. capitatacv Capica released in Colombia, is a mixture of five germpla
accessions (Thomas et al, 1987).

High seed yield is an important attribute for any successful forage plant, both in t
of its impact on the cost of commercial seed and on soil seed reserves for newrecru
in a grazed pasture. MadStylosanthespp have a high seed yield potential, e.g. 620 to 17
kg/ha recorded for a range ®tylosanthespecies by Hopkinson and Walker (1984). Whil
uneven seed maturity limits harvestable seed yield, this can be overcome by deve
efficient methods of recovering seed from the soil surface (Hopkinson and Walker, 1
Inherently low seed vyield, attributable to shy flowering and low seed set, has be
limitation for someS. guianensigenotypes, particularly in the botanical varipayciflora
(Sumberg and Miles, 1982). In some instances insects can severely defplesanthes
seed yield (CIAT, 1991).

As increasing use is made of integrated pasture and crop production sys
additional attributes of a component forage legume become important. Of parti
interest are properties such as the amount of nitrogen fixed and the recycling poten
the litter, which influence the availability of nutrients over time in complex product
systems including crops and pastures. The relevance and importance of these attribu
being investigated and simple methods of assessing species and genotype differen
being developed.

Stylosanthess only one of several genera under intensive investigation to deve
successful forage legumes for tropical America. As genotypes tolerant or resistant 1
endemic biotic stresses are found or bred, the special attributes of this genus ass
continued use in the diverse production systems of tropical America.
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Abstract

The taxonomy oStylosanthesa tropical legume genus, has long been disputed due
lack of stable morphological characters. As this genus is of considerable agror
importance, accurate species identification is essential for further improvemer
domesticated cultivars.

An analysis of restriction fragment length polymorphismsin chloroplast and ribosc
DNA has been used to determine evolutionary relationships between 18 taxa from
sections in the genus.

Probes covering 85% of the chloroplast genome revealed 147 shared fragment
were used in a cladistic analysis. Twelve equally parsimonious trees were produced,
the “Branch & Bound” method of PAUP (Phylogenetic Analysis Using Parsimony) v
Fitch parsimony. The strict consensus tree had a consistency index of 0.49 and a ler
299 steps.

Relationships described by the tree fit well with what little is already known about
genus and its evolution.

Taxon-specific chloroplast and ribosomal DNA fragments have been identifie
molecular markers. They will be used to provide a greater understanding ofaherax
of Stylosantheand to identify parents of the polyploid species.

Analyse moléculaire de la diversité génétique et
relations évolutives au sein du genre  Stylosanthes
(Aubl.) Sw.

Résumé

L a taxonomie d8tylosanthesjn genre de légumineuse tropicale, a toujours fait I'obj
de controverses en raison de l'absence de caractéres morphologiques stables. Etant
limportance agronomique de ce genre, il est indispensable de l'identifier avec précision
de pouvoir améliorer ses variétés cultivées.

Une analyse des polymorphismes de restriction de 'ADN des chloroplastes e
ribosomes a été utilisée pour déterminer les relations évolutives entre 18 taxums de:
sections du genBtylosanthes.

La preuve a été faite sur 85% du génome des chloroplastes que 147 d’entre eux a
des fragments communs utilisés dans une analyse cladistique. Douze arbres éga



parsimonieux ont été produits en utilisant la méthode des ‘branches et des liens"de la F
(analyse phylogénique de parsimonie) avec la parsimonie de Fitch. L 'arbre de consensu
avait un indice de cohérence de 0,49 et comportait 299 niveaux.

L es relations mises en évidence par cet arbre étaient en harmonie avec les rares d«
disponibles sur ce genre et son évolution. Des fragments spécifiques de TADN du chlorc
et des ribosomes @tylosanthesnt été identifiés comme marqueurs moléculaires. lls ser
utilisés pour mieux connaitre sa taxonomie et pour identifier les parents des es
polyploides.

Introduction

The genustylosanthegAeschynomeae, Papilionoideae) was first described by Swart
1788 with just two specieS, procumbensndS. viscosalt has since grown to include some
30-40 species located in temperate, tropical and subtropical regions of South Am
Africa, Asia and Australia (tMannetje, 1984). The major centre of diversity for the ge
is South America (Stace, 1982).

The genus is split into two sections by the presence and absence of an axis ruc
and one or two inner bracteoles (Kirkbride and Garcia de Kirkbride, 1987). Sec
Stylosantheis thought to be the more primitive as it contains only diploid species. Sec
Styposanthesontains both diploid and polyploid species and has a more widesp
distribution. Polyploid SectiorStyposanthespecies are suggested to be derived
hybridisation between diploid species from both sections (Stace and Cameron, 1984

Considerable confusion exists over species divisions and relationsi@pddeanthes
due to the high degree of plasticity of major morphological characters both within
between species. Two opposing theories for classifying species in the genus have
further confusion. tMannetje (1984) based his classification on aspects of pptatagy,
e.g. length and degree of curvature of the pod beak, while Ferreira and Costa (
focused on characters such as leaflet venation, growth habit and number of va
bundles. The confusion creates problems for plant breeders as accurate sj
identification is essential in an agronomically important group of plants, suct
Stylosanthego ensure the selection of new species for domestication and for transf
desirable features from wild species to those already domesticated.

Studies which have attempted to resolve the taxonomic probleé®tgdasanthebave
utilised classical mgrhological techniques (tMannetjg977; Battistin and Martins, 1987),
numerical analysis (tMannetje, 196 Rhizobiumaffinities (tMannetje, 1969; Date and
Norris, 1979), seed-protein patterns (Robinson and Megarrity, 1975; Hussain et al, 1
morphological and agronomic (M.A.) characters (Burt etlF1), cytological studies
(Cameron, 1967), crossing experiments (Sumberg and Miles, 1982) and isozyme pa
(Stace and Cameron, 1984). These studies tended to involve relatively few spec
accessions ditylosantheand were not intended as full taxonomic investigations.

DNA analysis has been used increasingly to resolve taxonomic problems in diffe
genera over recent years, with chloroplast and ribosomal DNA being of particular int
(Palmer, 1987; Jorgensen and Cluster, 1988). The chloroplast genome is a small ¢
molecule of approximately 150 kilobase pairs (kbp), its structure is well understood &
is usually maternally inherited (Palmer, 1985; Harris and Ingram, 1991). The slow ra
evolutionary change in chloroplast DNA (cp DNA) means little intraspecific variatiol
expected and makes it an ideal molecule for cladistic analysis (Palmer et al, 1988).

Chloroplast DNA analyses have been used to elucidate evolutionary relationsh
a variety of genera. e.@.offea(Berthou et al1983);Brassica(Palmer et al, 1983a),
Triticum (Tsunewaki and Ogihara, 198R)Jinum (Coates and Cullig,987),0ryza(Dally
and Second, 1990) aimtbrdeum(Doebleyet al, 1992). Evolutionaryrelationshipsin high



taxonomic levels have also been considered using this molecule, e.g. Asteraceae (
et al, 1990); and the loss of the inverted repeat in omgpgof genera in the Pédipnoideae
(Lavin et al, 1990).

The structure of nuclear ribosomal DNA (rDNA) is also well documented (Jorger
and Cluster, 1988). The features that make rDNA ideal for use as a biosystematic n
are that: (i) it is present in the genome in high copy number, which means that it c:
detected even in small amounts of DNA; (ii) different regions evolve at different re
thus different taxonomic levels can be looked at with one gene sequence (Jorgens:
Cluster, 1988). Ribosomal DNA sequences have been used in a number of stuc
elucidate phylogenetic relationships at the generic level,Lasianthus (Sytsma and
Schaal, 1985). Ribosomal DNA markers are also used in the production of taxon-sp
markers (e.g. Doyle and Beachy, 1985; Soltis and Soltis, 1989) and the screening of ar
hybrids (Rajora and Dancik, 1992).

The study reported here is a preliminary investigation of species divisions
evolutionary relationships in both sections of Stylosanthes based on an analy
restriction fragment length polymorphisms (RFLPs) in chloroplast DNA. The study
also attempted to resolve taxon-specific molecular markersfromcpDNA and rDNA. T
will be used for identification of unknown taxa and to identify parents of the polypl
species.

Materials and methods

Plant material

Seeds supplied by the germplasm banks listed (Table 1) were scarified and germina
damp filter paper at 28°C. Seedlings were transferred to pots containing a mixtu
Ericaceous compost and gravel (1:1) and grown under controlled conditions ( i.8C28
day/night) with a photoperiod of 16 hours. Leaveswere harvested when plantswere a
four months old, destarched by leaving in the fridge overnight and stored at -20°C
required. Material selected for the phylogenetic analysis encompassed both sections
genus. One accession from each taxon was assayed, except in theSQasesabfaandsS.
capitata where several accessions were included to investigate intraspecific cpDNA
rDNA variation.

DNA extraction and molecular techniques

Intact, total DNA was extracted from leaf tissue according to the method of Whitten
and Schaal (1991), with the following modifications; samples were incubated at |
instead of 37C and extracted only once with dichloromethane. Samples were purifies
caesium chloride gradients containing 0.75 g/ml caesium chloride and 200 g/ml ethi
bromide and centrifuged overnight aP@0at 50 000 rpm (Maniatis et al, 1982). DNA (50
ng aliqguots) was digested with six units of the following 11 restriction endonuclee
(tetranucleotide cutters) Haelll, Hinfl, (hexanucleotide cutters) EcoRI, Bglll, Hind
Bscl, Apal, Sacl, EcoRV, BamHlI, Dral (purchased from GIBCO BRL and NBL). DN
fragments were separated using 1.0% (6-bp cutters) and 1.5% agarose gels (4-bp c
and an SEB buffer (0.04M Tris-HCI pH 7.85, 0.02M sodium acetate, 1ImM EDTA-N:
The gelwasrun at a constant current of 60 mA overnight and then blotted on to Amet
Hybond-N nylon membrane. Filters were irradiated with UV light for four minutes &
then baked at 8 for two hours to permanently bind the DNA.

Filters were probed in turn with a library of probes comprising 85% ofthe mungk
chloroplast genome (Palmer et al, 1983b). Probeswere radio-labelled bythe random|
method (Feinberg and Vogelstein, 1983) using alﬁﬁadCTP (3000Ci/mM, 10Ci). A
prehybridisation treatment of the membranes with sonicated calf thymus DNA (10 ¢



Table 1. Stylosanthetaxa included in the initial survey. The origins of material and germplasm ba
from which it was obtained are listed.

Taxon Accession Section Origin Supplier
S. guianensigar vulgaris 2335 Stylosanthes (2x) Brazil CENARGEN
S. giuanensisar
microcephala 3674 Stylosanthes (2x) Brazil CENARGEN

S. guianensisar pauciflora 8098 Stylosanthes (2x) Brazil CENARGEN
S. humilis 2375 Stylosanthes (2x) Brazil CENARGEN
S. grandifolia 2308 Stylosanthes (2x) Brazil CENARGEN
S. leiocarpa 4392 Stylosanthes (2x) Brazil CENARGEN
S. hispida 2209 Stylosanthes (2x) Brazil CENARGEN
S. montevidensis 78490 Stylosanthes (2x) Argentina CSIRO
S. viscosa 50223 Stylosanthes (2x) Texas, USA CSIRO
S. gracilis 8359 Stylosanthes (2x) Brazil CENARGEN
S. angustifolia 2275 Stylosanthes (2x) Brazil CENARGEN
S. fruticosa 75151 Stylosanthes (4x) Nigeria CSIRO
S. calcicola 73525 Stylosanthes (2x) Curacao CSIRO
S. sympodialis 65961 Stylosanthes (4x) Ecuador CSIRO
S. scabra 3639 ,8297  Stylosanthes (4x)

6829, 8122

8343, 6805

8207, 8170

6815, 8392, 8081 Brazil CENARGEN
S. macrocephala 8107 Stylosanthes (2x) Brazil CENARGEN
S. hamata 49080 Stylosanthes (2x) Colombia CSIRO

3777, 3805

8106, 6792, 4294
S. capitata 7011, 6770 Stylosantls€4x) Brazil CENARGEN

CENARGEN: Centro Nacional de Recursos Geneticos of the Brasiian EMBRAPA (Empresa Brasileirz
Pesquisa Agropecuaria)

CSIRO: Commonwealth Scientific and Industrial Research Organisation AccessitirssabraandS. capitata
marked with & were used in the PAUP analysis. Remaining accessions were surveyed to give a
indication of intraspecific variation of copDNA and rDNA (see text).

Figures in brackets in the column headed ‘Section’ indicate the ploidy levels of the species (2n=2
2n= 4x= 40).

in Buffer Il (0.6M NaCl, 10mM PIPES pH 6.8, ImM EDTA pH 8.5, 10x Modifie
Denhardt’s) was conducted over sixhours at 65°C before hybridisation took place ovel
in Buffer Il at the same temperature. Filters were washed as described by PEBS® (
then laid down for autoradiography at -70°C.

Filters were also probed with a nuclear ribosomal DNA fragment from wheat D
(pTA71, a 9.1 kb fragment, cloned into an EcoRI site of pUC19; Gerlach and Bedbt
1979). The pTA71-probed filters were washed as described by Harris and Ingram (1

Analysis of chloroplast DNA data

DNA fragments were used as characters in a phylogenetic analysis. Presence and a
of shared fragments were scored and the data set analysed by PAUP (Phylogenetic A
Using Parsimony, version 3.0s; Swofford, 1991). The «Branch amwed@®»> approach was
used with Fitch Parsimony (Swofford and Olsen, 1990). Mung bean was used as an arl
outgroup in the analysis, so that trees could be rooted.



Results

Stylosanthes DNA was successfully digested with the majority of the restriction enzymes
used. The enzymes Apal, Sacl and Dral did not cut reliably and produced fully digested
fragments for only some of the DNA's used; however, the fragments produced by these
enzymeswere still included in the analysis.

Chloroplast DNA data

The mung bean cpDNA probes hybridised with the StylosanthesDNA on the membranes
to reveal regriction fragment length polymorphisms (RFLPs) such asthose illustrated in
Figures 1a and 1b. The relative amount of RFLP variation detected with each probe is
showninFigure 2. Probe M B3, fromthe small single copy region of the chloroplast genome,
wasfound to reveal the most polymorphism.

Figurela. Stylosanthes chloroplast DNA digested with Bscl and probed with MB3. Arrows indicate
the fragments used in the phylogenetic analysis. This variation is produced by a singe site
mutation and the smaller fragment produced by the extra site is missing. A second site
mutation in lane 5 istaxon-specific and not included in the phylogenetic analysis. From |eft
to right: mung bean outgroup, S. capitata, S. scabra, S. montevidensis, S. guianensis var
microcephala, S. macrocephala, S. viscosa, S. angustifolia, S. leiocarpa, S. gracilis, S.
calcicola, S. humulis, S. sympodialis, S. hamata, S. hispida, S. fruticosa, S. grandifolia; S.
guianensisvar vulgaris, S. guianensis var pauciflora.
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Figure1lb. Stylosanthes chloropast DNA digested with HinDI 11 and probed with MB3. A sitemutation
provided the variation used in the analysis (arrows). The smaller fragment has comigrated
with the 1.5 Kb fragment further down. From left to right: S. guianensis var pauciflora, S.
guianensis var vulgaris, S. grandifolia S. fruticosa, S. hispida, S. hamata, S. sympodialis,
S humilis, S.calcicola, S. gracilis, S. leiocarpa, S. angustifolia, S. viscosa, S. macrocephal a,
S. guianensis var microcephala, S. montevidensis, S. scabra, S. capitata, mung bean
outgroup.
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Thelevel of intragpecifc variation in Stylosanthes capitata and S. scabra was examined
(Figure 3). Stylosanthescapitata showed no cpDNA variation amongthe several individuals
of asingle accession analysed and no between accession variation wasevident either. Seven
of the eight S. scabra accessions analysed exhibited uniform banding patterns, however,
one differed by a single mutation.

Phylogenetic analyss of the cpDNA data was conducted using fragments shared by
two or more (but not all) taxa. Those fragmentsthat were unique to a taxon or shared by
all taxa were omitted from the analysis. A total of 147 shared fragments were generated
from 66 probe/enzyme combinations. Presence and absence of fragments were scored as
character statesand the data set wasprocessed by the programme PAU P, usingthe* Branch
and Bound” method and Fitch parsimony. This method of parsimony allows direct
transformation from one character state to any other. It assumes that changesin either
direction are equally probable and thusallowstreesto be rooted at any point with no change
in length (Swofford and Olsen, 1990).

Twelve equally parsmonioustreeswere produced and a strict consensustree of these
isshown in Figure 4. The consensustree had a consistency index of 0.49 and a length of
299 steps. It wasrooted using mung bean asthe outgroup.



Figure 2. Relative variation detected by the different mung bean clones in the chloroplast DN
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Stylosanthegppearsto be monophyletic, i.e. it is derived from a single ancestral ta
The S. guianensisomplex and related species are clearly separated from the rest c
genus and appear to represent a basal group.

Stylosanthes fruticosa, S. hamata, S. viscosa, S. seati& calcicolacluster together
in one clade, whilé&s. hispida, S. sympodialis, S. humilis, S. leiocampdS. angustifolia
form anotherStylosanthes capita@ndS. macrocephalalid not cluster with other specie:
but remained isolated at the base of the tree.

Taxon-specific coDNA patterns and fragments from selected probe/enz
combinations are listed in Table 2, with some of these patterns illustrated in Figure ¢

Ribosomal DNA data

Figure 5illustrates some of the results produced by reprobing the membranes with p’
Bands produced as a result of partial digestion revealed considerable repeat |
variation between taxa. The number of repeat lengths per individual also varied. Ther
little variation between taxa for other rDNA bands produced by complete digestion o
DNA and representing the different coding regions of the rDNA sequence.



Figure 3. Intraspecific variation for cloraplast DNA digested with EcoRI and probed with MB2. There
wasasingelength mutationin oneaccession of S. Scabra(arrow), but no variation wasevident
in S. capitata.
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A between- and within-accessional investigation similar to that for coDNA showed
variation for repeat length both between and within accessions (not shown). All other
bands, were uniform.

A phenetic clustering analysis using the rDNA data did not resolve differences
between taxa as, despite extensive repeat length variation, the banding patterns were too
similar. Thisanalysisinvolved comparison of taxafor all bands present to produce genetic
distancesasdescribed by Nei (1987) and was conducted using the programme RESTSITE
(Miller, 1991). A phenogram produced by UPGMA (unweighted pair group method using



Figure 4. Evolutionary relationships derived fS8tylosanthefom chloroplast DNA data using PAUP.
This tree is the strict consensus of twelve equally parsimonious trees from one analysis
the ‘Branch & Bound”approach and Fitch Parsimony. The tree has a consistency inde
0.49 and is 299 steps in length.

S. guianenisis
var paucifiora

S. grandifolia

S. guianenisis
var vlgaris

S. montevidensis

S. gracilis

S. guianenisis
var microcephala

S. fruticosa

S hamata

S. viscosa

S. scabra

S. calcicola

S, hispida

S. synpodialis

S. humilis

S. leiocarpa

S. angustifolia

S. capitata

S. macrocephala

Mung bean

arithmetic averages) of the genetic distances clustered all species, Skgepanthes
grandiflora, together (results not shown).

Taxon-specific rDNA fragments and patterns were identified and are listed in Tak
with some of these patternsiillustrated in Figure 6.



Table 2.

bands. Unique pattems are illustrated in Figure 6.

Taxon-specific fragments identified as possible species markers. Markers consist of eitl
the presence of single unique bands, (ii) a unique banding pattem or (iii) the absence of

Unique Whole Absent
Probe/Enzyme bands pattern  fragments
Taxon combination (Kb) unigue (Kb) (Kb)
S. hispida MB3/Bscl 2.6 - 4.6
MB3/EcoRl 24 - -
MB3/EcoRV - + -
MB2/EcoRl 2.3. - -
MB11 & 12/Bscl 59 - -
MB1/Bglll - + —
S. hamata MB5&7/Haelll 3.8 - 3.0
MB5&7/Bscl 25,17 - 3.9
MB3/Bam HI 5.2 - -
MB3/EcoRV - + -
MB9/BamH]| 3.3 - -
S. guianensisar vulgaris MB11&12/EcoRV 3.0 - -
MB1/EcorV 0.7 - -
MB3/EcoRV - + -
S. fruticosa pTA71l/EcoRV 2.9 - -
MB3/EcoRV - + -
S. grandifolia MB3/Hinfl 1.6 - -
pTAZ1/Haelll 1.06 - -
S. angustifolia pTA71l/Haelll - - 1.03
pTA71/Apal 2.1 - -
MB5&7/HinDlIII - - 6.5
MBI/Bglll - + -
MB3/EcoRV - + -
S. sympodialis pTA71l/BamHI 2.0 - -
pTA71/Apal 2.7 - -
MB3/EcoRV - + -
S. humilis pTA71/BamHI 1.9 - -
MB3/EcoRV - + -
S. leiocampa pTA71l/BamHI 2.2 - -
MB1/Bglll - + -
MB3/EcoRV - + -
S. montevidensis pTA71/BamHI 3.0 - -
MB9/EcoRl 4.0 - -
S. calcicola MB3/EcoRl - - 3.6
MB3/EcoRV - - -
MB1/BamHI 5.2 - -
S. capitata MB5&7/Sacl 11.0 - -
MB1/Bglll - + -
S. gracilis MB3/EcoRV - + -
S. viscosa MB3/EcoRV - + -
S. macrocephala MB3/EcoRYV - + -
S. scabra MB3/EcoRV — + —




Figure5. Stylosanthesribosomal DNA digested with Sacl and probed with pTA71. Notethe variation
for repeat length between and within individuals (arrows) . From left to right: S. guianensisvar
pauciflora, S. guianensis var vulgaris, S. grandifolia, S. fruticosa, S. hispida, S. hamata, S.
sympodialis, S. humilis, S. calcicola, S. gracilis, S. leiocarpa, S. angustifolia, S. viscosa, S.
macrocephala, S. guianensis var microcephala, S. montevidensis, S. scabra, S. capitata,
mung bean outgroup.
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Discussion

Phylogenetic analysis

The phylogenetic tree produced by PAUP from the chloroplast DNA fragment data
generally corresponds well with known species divisons and evolutionary relationships
within this genus. The tree can be subdivided into four clustersfor ease of discussion; (i)
the Stylosanthes guianensis complex and related species, (ii) the S. fruticosa — S. calcicola
cluster, (iii) the S. hispida— S. angustifolia cluster and (iv) S. capitata and S. macrocephala.

The S. guianensis complex and related species

The cluster which comprises the Stylosanthes guianensis complex and its related species
(namely, S. gacilis, S. grandifolia and S. montevidensis) is clearly separate from the rest of
the genus. It appears to have split away early in the evolutionary history of Stylosanthes
and may be itsbasal group.



Figure 6. Taxon-specific banding pattems identified as markers.

A. Chloroplast DNA digested with Bglll and probed with MB1.
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B. Chloroplast DNA digested with EcoRV and probed with MB3.
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Stylosanthes guianengthe most widely distributed speciesin the genus (tManne
1977) and consists of a number of varieties. The confusion and controversyover the n
of these varieties was compounded by the revision of Mohlenbd®&k} that combined
all taxa into vamguianensisand vardissitiflora despite their wide geographic distributiol
(tMannetje, 1969). Thiswork haslong since been rejected but therdllatisagreements
between the two opposing theories for naming the complex (Table 3).

Table 3. The two opposing theories for naming of taxa inShguianensisomplex (after tMannetje,

1984).
tMannetje Ferreira and Costa
S. guianensis var vulgaris
var guianensis S. guianensiar canescens

var microcephala

var gracilis S. gracilis
var intermedia S. campestris, S. hippocampoides
var robusta S. grandifolia, S. aurea
var marginata S. acuminata
var longiseta S. longiseta

var dissitiflora

From the present phylogenetic analysis it appears $iydsanthes guianensiar
microcephalais the oldest member of the compl8xylosanthes guianensiar pauciflora
is of most recent origin witB. grandifolia,andS. guianensigar vulgarisis intermediate.

Stylosanthes grandiflorandS. gracilis have been changed to vasbustaandgracilis,
respectively, bytMannetje (1984) because of theirphological similarities. This analysis
supports a close relationship between these two taxa and. tfidanensisomplex, but
this may not be enough to warrant a change to the variety&ylsanthes montevidensis
which clusters in the same clade, is known to be related t@&thgluanensicomplex
(tMannetje, 1977). Vogel describe8. guianensisar intermediaas a variety ofS.
montevidensisn 1838 and Mohlenbrock, transferredl guianensisar rostrata to S.
montevidensim 1957 (tMannetje, 1977). There has been no suggestion, as yet, to re
S. montevidenst® another subspecies in th@ianensicomplex.

Seed fronBStylosanthes campestasadS. acuminatdave recently been acquired fron
CIAT. As tMannetje considers that these should also be changed to subspeSies
guianensisfuture RFLP analyses will determine how they fit with existing data.

Recent work by Kazan, Manners and Cameron (personal communication; CS
Cunningham Laboratoryd06 Carmody Road, St. Lucia, Queensland 4076, Austral
involving analysis of random amplified polymorphic DNA produced by the polymer
chain reaction (PCR), has looked at tB/losanthes guianensiomplex. Their study
showed that the degree of differentiation between the subspecies was similar to that
between other speciesin the genus and theyhave concluded that the taxa should be
as different species, thus supporting the divisions made by Ferreira andX2@Seb@sed
on morphological characters.

The S. fruticosa — S. calcicolaluster

The species in this cluster, nam8lylosanthes fruticosa, S. hamata, S. viscosa, S. sc:
andS. calcicolahave been grouped together by other workers considering various as
of phenetics within the genus (tMannetje, 1969; Burt et al, 1971; Robinson and Mega
1975).



Stylosanthes fruticosahe African species @tylosanthess morphologically similar
to S. scabraa predominantly South American species. tMannetje (1984) has argued
based on morphology alone these two species cannot be clearly distinguished and
be considered as the same. Present data sugge§. tinaticosais the oldest member of
this cluster and th&8. scabreevolved at a later date. Although there is some relations
between them (they cluster in the same part of the tree), it is not a close one. As th
taxa are not sister to each other, these data suggest that merging them into one sp
guestionable.

Based on morphological characters, tMannet]®60) has gruped Stylosanthes
hamataandS. humiligs sister taxa witls. viscosathe next most closely related specie
Datareported here indicate no close relationship bet®ebkumilisand diploidS. hamata
but indicate thaB. viscosandS. hamataare sister taxa.

It has been suggested titylosanthes scab@andS. hamataare closely related and
hybrids formed from crosses between them have some fertility (3282), However, the
widely differing ADH patterns obtained for both species (Stace and Cameron, 1
suggest that this interpretation should be treated with caution.

Results from work based on numerical pattern analysis of morphological
agronomic (M.A.) characters gro@tylosanthes scabendS. viscosaogether (Burt et al,
1971) and gpport the relationship described by current data. A seed protein ane
performed by Robinson and Megarrity (19750 gpsS. calcicolawith S. hamatandS.
viscosawhich also supports the relationships described in this report.

The S. hispida — S. angustifolialuster

Stylosanthes sympodialigas resolved as a sister taxon &rhumilisi.e. they are linked
tightlytogether in this cluster (Figure 2), and are thus closely rel&tédspidagroups with
these two species arftl leiocarpaclusters closely witls. angustifolia There has been
nothing noted on relationships between these species in existing taxonomic analyse
validity of other data in the present tree indicatesthat these relationships are also sign
but further work (expanding the data set) will have to be done to confirm them.

S. capitataand S. macrocephala

t'Mannetje has suggested ti&tylosanthes macrocephaadsS. capitataare closelyrelated
(Lewis, 1987) as they are nmirologically similar. The two species are considerat
different in this analysis and, based on this molecular data, are not closely related 1
other species in the genus.

Although DNA analysis is a powerful tool in studies of this sort it must be remembe
that it does not provide the final answer to all taxonomic problems. It is merely anc
source of characters to be considered alongside the many others. The low le
intraspecific variation resolved means that selecting one accession to represent a tax
be unsatisfactory. Further expansion of the number of accessions per taxon in the
will be necessary.

Species markers

At this stage in the study it is possible to distinguish most taxa by either rDNA or cpLC
fragments from particular probe/enzyme combinations. Markers consist of the preser
unigue bands, the absence of bands that are present in all other taxa and the occl
of a complete banding pattern that is not present in any other taxa for that probe/er
combination. Continued expansion of the data set is required in order to confirm t
markers as taxon-specific.

Molecular markers of this sort are necessaryin an agronomicallyimportant genus
Stylosanthesyith high levels of morphological variation for the identification of unknov



taxa. The markers will be further used to identify parents of the polyploid speciesin Se
Styposanthed-or example, it has been suggested Biglosanthes viscosa one of the
parents oB. scabrg Stace and Cameron, 1984). Analysis of molecular marki# estiver
confirm or reject this.

Determination of the mode of plastid transmission will be essential in the identifica
of hybrid parents. Kazan, Manners and Cameron (personal communication) have
evidence to suggest that inheritanceStylosanthess maternal. This information will be
useful in determining the maternal and paternal parents of the hybrids. The technic
PCR-RAPDs (Random Amplified Polymorphic DNA) is currently being developed in t
lab to further the development of taxon-specific markers. Kazan, Manners and Can
(personal communication) are already making good progress with this techniqu
producing RAPD markers to be used in future plant breeding programmes.

Conclusions

This preliminary study of chloroplast DNA and ribosomal DNA variatio®iglosanthes
is the first such use of this molecular approach to consider evolutionary relations
species divisions within the genus. The few relations already described, mostly
morphological analyses, support the results found in this study and indicate the valic
this molecular approach as a tool for taxonomic analysis at the species level. It is |
that this form of RFLP analysis will be of use in achieving a greater understanding of s
classification in this difficult genus, where species are morphologically very similar.

To summarise results from the phylogenetic analysis,Styosanthes guianensis
complex and its related species are clearly distinct from the rest of the §é¢ylosanthes
fruticosa, S. hamata, S. viscosa, S. scalidS. calcicoladform one cluster whilss. hispida,
S. sympodialis, S. humilis, S. leiocarpad S. angustifoliaform another.Stylosanthes
capitataandS. macrocephalare not closely related to any other species.

Taxon-specific markers have been identified. These will be of use in the identifice
of parents of the polyploid species and the naming of unknown taxa. They will als
helpful in future plant breeding programmes.
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Genetic resources of Stylosanthes species
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Abstract

The genusStylosanthesontains about 30 species of which most are native to South
Central America, except f@. erectandS. fruticosavhich are native to Africa. The sever
major species that have been used as livestock feed have been widely collected an
germplasm stored in genebanks. Currently ILCA, CIAT and CSIRO hold about ¢
distinct accessions @tylosanthespecies in their genebanks. The available germpla
shows considerable variability in adaptation to agro-ecological zones and soil pH.
germplasm is available free of charge for use in forage research and develor
programmes, but only about 25% has been screened for adaptability as an animal 1
West Africa. Several accessions have been identified as promising and have
incorporated into fodder banks for protein supplementation of livestock feeds. The
considerable potential for further selection and use of this valuable germplasm as
sustainable crop-livestock systems in sub-Saharan Africa.

Ressources génetiques des especes
de Stylosanthes

Résumé

Le genreStylosanthescomprend plus de 30 espéces pour la plupart originail
d’Amérigue du Sud et d’Amérique centrale exceptéerectaet S. fruticosa qui sont
originaires d’Afrique. Une vaste collection de matériel génétique des sept principales es
utilisées dans l'alimentation du bétail est conservée dans des banques de génes. A
CIPEA, le CIAT et le CSIRO détiennent aujourd’hui quelgue 4 000 acquisition:
Stylosanthe<Ce matériel génétique adapté a de nombreuses zones agro-écologiques e
pH du sol extétmement variés peut étre obtenu gratuitement pour des programm
recherche-développement agrostologique. 25% de ce matériel a été évalué danslalimer
du bétail en Afrique de I'Ouest. Plusieurs acquisitions identifiées comme prometteuses
introduites dans des banques fourragéres comme source de complément protéiq
aliments du bétail. Beaucoup reste encore a faire en matiere de sélection et d'utilisation
précieux matériel pour promouvoir des systémes mixtes durables en Afriqgue subsahari

Introduction

Stylosanthess an important forage legume that has been widely used for livestock f
The genus contains about 30 species, but most research programmes have conce
on a fairly narrow range of germplasm and species. Most species are native to Sou
Central America, including the Caribbean, exceptSofruticosaandS. erectawhich have
their centre of origin in Africa. Interest Btylosantheswvhich began about 70 years agc
was stimulated by the speci€s humilisand S. guianensisiue to their adaptability to
drought and low fertility acid soils and their persistence in pastures.



The use ofStylosanthess a forage legume in Africa increased in the 1960s wt
several newimproved cultivars, developed in Australia, were introduced into West Af
The germplasm used to develop these cultivars came from a very narrow genetic bas
example, the germplasm used to devefoguianensisultivar Schofield originally came
from one accession collected in Brazil. To widen the genetic base of the breeding ma
the Centro Internacional Agricultura Tropical (CIAT) commenced collection a
evaluation in 1972 (Schultze-Kraft et al, 1984).

Early research in West Africa was based on the cultiva& bfimata, S. guianensic
andS. humiligo select material with improved feed quality during the dry season (Ag
and de Leeuw, 1986). As new germplasm became available, additional accession:
introduced and evaluated. However, Sigguianensisultivars Cook and Schofield arsl
hamatacultivar Verano have remained the most widely used germplasm in the regio

These early cultivars proved susceptible to anthracnose and additional germplas
evaluated to identify accessions with resistance to this major disease. Research at
has focused on the identification of anthracnose tolerant access®nguidnensjsome
accessions which showed a degree of tolerance were identified. These were introduc
testingin the International Livestock Centre for Africa (ILCA) subhumid zone progran
in Kaduna in 1987 and &lbugh all but two accessions showed symptoms, several were
to maintain growth (Mohamed-Saleem and Adeoti, 1989).

Available germplasm for selection

A wide pool of germplasm is essential for characterisation, evaluation and selectic
accessions showing adaptation to disease and environment. Early collec
(Schultze-Kraft et al, 1984) focused mainly 8n guianensiand S. scabrawith fewer
accessions @. hamatandS. humilisCollectionsin 1986 by the Commonwealth Scientif
and Industrial Research Organization (CSIRO) in collaboration with CIAT and v
additional funds from ILCA concentrated 8nhamatan Colombia and Venezuela. ILCA
has also collected®. fruticosain Africa. Currently major germplasm collections o
Stylosanthesre held by two International Agricultural Research Centres working v
tropical forages, CIAT and ILCA, and by one national institute, CSIRO (Table 1). Th
collections cover a wide range of species within the genus, although the largest num
accessions are from those species of interest as livestock feed.

Storage and dissemination

The seeds held in the genebanks of these three centres are stored in suitable
conditions to maintain their viability and are available for distribution to scientists wist
to utilise them. The germplasm at ILCA is stored in the active collection. Seeds are
to about 5% moisture content, sealed in laminated aluminium foil packets and stor
temperatures of 8°C. CIAT maintains its germplasm in medium-term storage u
conditions of 50% relative humidity and 5-8°C. However, much of their germplasm is
being stored under long-term conditions of 5-7% moisture content at between —1
—20°C (Schultze-Kraft and Toledo, 1990). The CSIRO collection is maintainec
medium-term storage under conditions of 25% relative humidity at 5°C at Samfort
addition, seeds are stored in the long-term store in Canberra at low moisture conten
—20°C (Wlliams, 1990).

Considerable duplication of accessions exists between ILCA, CIAT and CSIRO
it is estimated that over 4000 distinct accessions are held among them. Duplicati
accessions isimportant to avoid loss of germplasm and also to ensure adequate distr
of material for utilisation.



Table 1. Collections ofStylosanthesit CIAT, CSIRO and ILCA.
Number of accessions stored

Species CIAT CSIRO ILCA
S. acuminata 3 7

S. angustifolia 31 2

S. aurea 1 2

S. biflora 6 3

S. bracteata 1 3

S. campestris 1 22

S. calcicola 14 122 1
S. capitata 304 49
S. cayennensis 1

S. erecta 2

S. fruticosa 55 176 201
S. grandifolia 4 13

S. guianensis 1528 552 224
S. hamata 160 485 285
S. humilis 219 188 40
S. ingrata 10 1
S. leiocampa 41 25 2
S. macrocarpa 1 5
S. macrocephala 111 108 42
S. mexicana 1 16 2
S. montevidensis 8 14 1
S. pilosa 13 10

S. scabra 745 382 164
S.sp 35 36 3
S. subsericea 3

S. sympodialis 9 14

S. viscosa 265 109 107
Total 3561 2300 1127

The ILCA genebank distributes small quantities of seeds free of charge to fo
research and development workers for evaluation and utilisation 28@@iccessions from
allmajor species have been distributed in response to 59 requests from national agric
research systems (NARS) in West Africa. In addition, over 700 accessions have
distributed to ILCA zonal research programmes in the region for evaluation of agron
potential, nutritional quality and adaptability for use as animal feeds (Table 2).

Ecological adaptation and variation

Of the 30 species held in genebanks, only seven have been widely evaluated and u
The accessions collected come from several countries in their centres of origin ar
adapted to a wide range of environmental conditions and agro-ecological zones (Tal
The environmental adaptation of these accessions will determine the areas in whicl
can be used. The major information used in selecting accessions for evaluation in diff
agroclimatic zones is rainfall, temperature (altitude) and soil pH (Table 4). Soil pH
are only available for a limited number of accessions. However, most germplasir
collected from the low pH and high aluminium soils with low organic matter and fert
found in much of Central and South America.



Table 2. Number of accessions of the major species evaluated in ILCA zonal research programr

West Africa.
Semi-arid  Semi-arid
Species (Niger) (Mali) Subhumid Humid Total
S. capitata 0 6 10 0 16
S. fruticosa 11 0 18 2 31
S. guianensis 6 12 145 6 169
S. hamata 3 8 447 2 460
S. humilis 0 5 9 0 14
S. macrocephala 0 1 3 0 4
S. scabra 0 5 18 8 31
S. viscosa 0 0 0 2 2

Table 3. Numberof accessions of major specieStgibsanthesollected in agro-ecological zones anc
stored in the ILCA and CIAT genebanks.

Agro-ecological zone

. Semi- Sub
Species Arid? arid2 humi®® Humid4 Unknown  Total
S. capitata 1 32 86 70 119 308
S. fruticosa, 2 55 78 2 84 221
S. guianensis 0 46 380 675 444 1545
S. hamata 68 127 76 25 125 421
S. humilis 3 22 64 66 72 227
S. scabra 12 154 257 223 135 781
S. viscosa 4 48 125 60 38 275

* IncludesS. gracilis

1. Arid zone: growing period < 75 days, < 500 mm rainfall per annum.

2. Semi-arid zone: growing period 75-180 days, 500 to 1000 mm rainfall per annum.

3. Subhumid zone: growing period 180-270 days, 1000 to 1500 mm rainfall per annum.
4. Humid zone: growing period > 270 days, > 1500 mm rainfall per annum.

Table 4. Range of rainfall, altitude and soil pH of the collections of m8jglosanthespecies in the
ILCA and CIAT genebanks.

Rainfall Altitude

Species (mm) (m) Soil pH

S. capitata 190-2150 50-1220 4.3-6.2
S. fruticosa 382-1580 10-2080 4.5-8.0
S. guianensis 635-9050 5-2000 45-5.8
S. hamata 310-2500 2-1600 5.4-8.5
S. humilis 410-4030 10-1000 5.1-5.3
S. scabra 400-2890 5-1660 4.0-5.8
S. viscosa 230-3200 5-1200 4.0-6.5

* IncludessS. gracilis



S. capitata, S. viscosand S. humilishave been collected mainly from Brazil an
Venezuela over a wide range of climatic conditions at lower altitudes in semi-arid to h
areasS. humilisshows high survival over a long dry season due to being a heavy see
annual species. The three species are well adapted to extremely acid soils witt
aluminium content.S. capitatais well adapted to dry, sandy acid soils and plants may
to nodulate on more alkaline sois. humilisis very susceptible to anthracnose, But
capitatais more resistant and several highly resistant accessions have been selectec

S. guianensjswhich includesS. gracilisfollowing the classification of tMannetje
(1984), andS. scabracollections were made in Brazil, Colombia and Venezuela, mo:
from lowto middle altitudesin subhumid to humid regions. Some accessiBngudnensis
have been collected from altitudes as high as 2000 m in the Andes of Colombia. The:
species are represented in genebanks by large numbers of accessions and have bee
evaluated and used to develop a considerable number of important commercial cul
Cook, Schofield, Graham and Endeavour cultivars were developedfrgmanensisar
guianensis whilst Oxley cultivar was developed from veatermedia Seca and Fitzroy
cultivars were selected froB. scabrg(Skerman et al, 1988).

S. hamataccurs mostlyin coastal regions around the Caribbean and major colle
missions have focused on Antigua, Colombia and Venezuela. It is a lowland specie
very few samples have been collected above 500 m. This is the most drought-re:
species ofStylosanthesind germplasm has been found growing in areas with an an
rainfall as low as 300 mm in Venezuela. It also shows tolerance to anthracnose.

S. fruticosais the only major African species &tylosantheshat has been widely
collected. Most of the germplasm at ILCA comes from the middle altitude semi-arid
subhumid areas of Ethiopia. The species has not been widely evaluated, mainly due
susceptibility to anthracnose, ladtugh germplasm at ILCA was characterised by Hakiza
al (1988). This species is very drought-tolerant and is being evaluated by ILCA for u
livestock feed in semi-arid areas of West Africa, although its out-crossing nature m
maintenance of distinct accessions difficult.

Initial evaluation in ILCA zonal programmes

Most of the initial evaluation by ILCA zonal programmes has been done in the subh
and semi-arid areas. ILCA began evaluating germplas8itydsanthesn 1982 usingS.
guianensis, S. capitatandS. macrocephalat Kaduna in the subhumid zone of Nigeri
Yields of over seven tonnes total dry matter were recorded for three access®Bns
guianensisand over four tonnes for one accession eaéh afacrocephalandsS. capitata
(Mohamed-Saleem and Otsyina, 1984). From these reSultmianensidooked very
promising and a wider range of germplasm of this 8ndamatavas introduced in 1985.
Despite these promising yields, anthracnose was identified as a major constraint to tl
of S. guianensiin the subhumid zone and over 130 accessions were then screene
resistance to this important disease (ILCA, 1988). A further 15 accessions, that had
identified as showing some resistance to the disease by CIAT, were introduced in 19¢
tested in this programme.

Screeningin the semi-arid zone began in 1986 in Maliwith a limited range of acces
of the majorStylosanthespecies.S. hamatawvas identified as a useful species for fodd
banks in semi-arid areas and had a significant effect on the grain yield of the subse
crop (ILCA, 1990). This was followed by screening a representative number of acces
of S. fruticosafrom the ILCA genebank and some germplasm collected locally in 198
Niger. The results from these studies indicated hafruticosacould be successfully
intercropped with ntlet (ILCA, 1992).



Future opportunities

Only about 25% of the available biodiversity within the species stored in the genebar
ILCA and at CIAT has been evaluated in West Africa. There is obviously the possibili
study more of the existing germplasm to identify superior accessions for developme
animal feeds. However, insufficient seeds of manyaccessions stored in genebanks he
a major constraint to the evaluation and subsequent use of germplasm (Lazier, 19¢
addition, there isa need to collect germplasm from the centres of origin to further bro
the genetic base and seek specific traits such asresistance to anthracnose or otherim
diseases or pests.

There is also the opportunity to incorporate new germplasm from other species
the farming system in the area. Most of the work on fodder banks has ref®damata
which is well adapted to the region. However, species diversification in fodder ban
essential to prevent widescale losses of forage due to disease. There is also the opp«
to select promising germplasm for incorporation into other farming systems in West Af
Smallholder dairy production is gaining more importance in the regiorStylasanthes
species could be considered for use as high protein forage for dairy animals.
incorporation ofStylosanthesould also contribute to soil fertility as part of a sustainak
crop-livestock farming system.
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Screening Stylosanthes in Latin America:
The CIAT-RIEPT experience

R. Schultze-Krafft and G. Keller-Grein

Centro Internacional de Agricultura Tropical (CIAT),
Apartado Aéreo 6713,Cali, Colombia

Abstract

A large collection of more than 3500 accessons of Stylosanthes germplasm has been
asembled at CIAT. A considerable proporion was screened, in co-operation with the
regiond research sygsem RIEPT, in thesubhumid savannah egion ard the humid tropics
of Latin Americafor adaptation to the prevaili ng acid, low-fertili ty soils and for resigance
to anthr@&nose.

In both theisohyperthermic and isothermic savannats (the Llanos in Colombia and
Venezuela ard the Cerados in Brazil, respectively), S. capitata and S. guianensis var
pauciflora are thebest adapted to thesoil and they exhibit the highest disease tolerance.
In Colombia, S. capitata cv Capica was released and S. quianensis cv Bandeirante was
released in Brazil. Another acid-soil adapted gecies isS. macrocephala (cv Pioneiro) in
Brazil. However, it flowerstoo early and isnot sufficiently persistent. In the humid tropics,
some anthranose-tolerant lines within the “common” forms of S. guianensis were
identified; in Peru S. guianensis CIAT 184 was released as cv Pucallpa. Screening of the
large collections of S. scabra and S. viscosa has not resulted in the identification of
accessonswith aufficient diseaseand insect tolerance.

Evaluation du Stylosanthes en Amerique latine:
I'expérience conjointe CIAT-RIEPT

Résumé

L eCIAT dé&tient unevaste mllection de matériel génétiqgue de Stylosanthes comprenant
plusde 3 500acquisitions. Une lonne partiede cematériel a été galuée en oopéation avec
le RIEPT, une ingtitution régonale de recherche. Effedué dans la savane sibhumide et les
régions tropicales humides d’Amérique latine, ceprogramme éait dediné a é&aluer
I'adaptation de Stylosanthes aux s0ls acides muvres fréquents dans s régons et la
résstance a I’anthracnose.

Que ce sit dans lasavane iohypethermique —lesL lanosde Colombie etdu Venezuela
— oudansla savaneisothermique — les Carados du Brésil, S. capitata etS. guianensisvar.
paucifloraont démontréuneplusgrandeadaptationauxsolsacideset unemeilleurerésigance
a I'anthracnose. Aind, S. capitata cv. Capica etS. guianensis cv. Bandeirante ont &é
vulgarisésrespetivement en Colombie etau Brésil. Quant a S. macrocephda (cv. Pioneiro),
il était également adgpté aux sols acides au Brésil mais fleurissait précocement et éait peu
persistant. Dans les régons tropicales humides, certaines lignées résistantes a I'anthracnose
ont éé identifiéesparmi les variétés“courantes de S. guianensis;, au Pérou, I'acquisition
CIAT 184de S. guiarenss a éé vulgarisée sus forme de ov. Pucallpa. Enfin, I'évaluation

1. Present address Universitét Hohenheim (380), P.O. Box 700562 D-7000Stuttgart 70, Germany.



d'une vaste collection d®&. scabrat deS. viscosar'a permis d’identifier aucune acquisition
suffisamment résistante aux maladies et aux insectes pour susciter de l'intérét.

Introduction

Stylosanthesesearch in Latin America has a history of about 50 years and concent
initially on Brazil. The first published work dates back to the comprehensive forage ¢
investigations in the (now) Rio de Janeiro State (Otero, 1952). Later, significant work
done by the Instituto de Pesquisas IRI (the former IBEC Research Institute) at M
Sao Paulo State. It led to the development of a comm@&tgialsantheguianensisultivar
(IR1 1022) in the 1960s (Shock et al, 1979). In other Latin Americamuies, earlier
Stylosanthesesearch was essentially limited to including one or two Australian line:
cultivarsin general legume evaluation, e.g. in the 1950s in Colombia (Crowder et al, 1
It is interesting to note that some of this early work referred to key topics that |
dominated Latin AmericaBtylosanthesesearch from the 1970s, i.e. anthracnose (Ote
1952) and germplasm collection (Hymowitz, 1971; Shock et al, 1979).

From 1972, research @tylosanthehas been a major component of the work at tl
Centro Internacional de Agricultura Tropical (CIAT), Colombia, within the objective
its Beef Production Program (later renamed Tropical Pastures Program) to de
low-input, legume-based pasture technology for acid, infertile soil regions of the low
tropics in Latin America. From the verybeginning, anthracnose was identified asthe r
constraint toStylosanthepotential, and the necessity to build up a lagglosanthes
germplasm base was recognised. This led to comprehensive germplasm collection m
throughout Latin America fromi973 and to the corrpending screening and evaluatior
work.

In 1979, the International Tropical Pastures Evaluation Network (R?I)E,F\’ms
created as a cooperative research and communication system covering most
American countries. The regional trials system of this network is closely connected
CIAT’s germplasm evaluation at major screening sites (Toledo et al, 1989). There
essentially alStylosanthedevelopments during the past 15 yearsin Latin America are
result of cooperative CIAT-RIEPT research endeavours.

Species distribution and germplasm collection

Stylosanthesas a wide distribution in Latin America. Almost all species originate in 1
New World; only four out of the 35-40 recognised species are native to A¥iaadcta,
S. fruticosaandS. suborbiculataand Asia 6. fruticosaandS. sundaica(Williams et al,
1984). The major species diversity can berfd in Brazil and the majo8. guianensis
variability is found in Colombia.

Activities to collect Stylosantheggermplasm began in the late 1940s and we
undertaken mainly by Australian scientists during the 1960s and early 1970s. In 1¢
period of intensive germplasm collection throughout Latin America was initiated by C|
and collaborating national research organisations (Schultze-Kraft et al, 1984a). Asa |
CIAT now holds a very large and diverSgylosanthesollection with a total of 3500—-4000
accessions representing 29 distinct species (Table 1).

This collection is the world’s largest germplasm collection of a tropical forage legt
in terms of number of accessions. In other major germplasm centres such as the Aus
Tropical Forage Genetic Resource Centre (ATFGRC) of the Commonwealth Scie
and Industrial Research Organisation (CSIRO), Brisbane, Australia, and the Interna
Livestock Centre for Africa (ILCA), Addis Ababa, Ethiopia, the numbeStglosanthes

2. RIEPT = Red Internacional de Evaluaciéon de Pastos Tropicales.



Table 1. Stylosanthegemplasm in the CIAT collection, 30 September 1992.

No. of accessions

Species Multiplied
Registered Conserved for distribution
S. acuminata 3 3 1
S. angustifolia 34 31 15
S. aurea 1 1 0
S. biflora 7 6 0
S. bracteata 5 1 0
S. calcicola 14 14 13
S. campestris 1 1 1
S. capitata 331 304 304
S. cayennensis 1 1 1
S. erecta 2 2 1
S. fruticosa 68 55 13
S. gracilis 139 132 87
S. grandiflora 5 4 3
S. guianensis 1583 1400 1019
S. hamata 183 161 121
S. hippocampoides 3 0 0
S. humilis 271 217 161
S. leiocampa 42 41 32
S. linearifolia 1 0 0
S. macrocama 1 0 0
S. macrocephala 132 127 127
S. mexicana 1 1 1
S. montevidensis 13 8 6
S. pilosa 18 16 12
S. ruellioides 1 1 0
S. scabra 790 746 633
S. subsericea 6 3 3
S. sympodialis 10 9 9
S. viscosa 278 266 207
S. spp (unidentified) 87 34 33
Total 4031 3585 2803

accessionstop those ofall other tropical forage genera (B. Pengellyand J. Hanson, pe
communication).

In Table 1 the large numbers of accessionS.iguianensis, S. scabra, S. capitata,
viscosaandS. humilisare noteworthy. Within these species, the germplasm collections
are now available seem to adequately represent the known geographical distributior
an example, in Figure 1, the natural distribution and original germplasm collection sit
S. viscosare presented.

Figures in Table 1, however, also suggest that the large total number of acce:
concentrates mainly on only 11 species with more than 20 accessions each. In 14 ¢
less than five accessions are conserved. Finally, out of the $iyléB8anthespecies that
are presently recognised (tMannetje, 1984; Ferreira and Costa, 1979), 25% are no
represented in the CIAT collection. Consequently, during the past 1538#osanthes
evaluation in Latin America was based only on a limited range of species but on very|
intraspecific collections.



Figure 1. Natural distribution ofStylosanthesiscosaand locations of collection sites of germplasn
accessions in the CIAT collection.

100°wW 890°W «Pw 40°w

20°N

Source: Keller-Grein and Schultze-Kraft (1992).

Evaluation strategies and evaluation environments

The major components of the strategy to evaluate and scre@tyhsanthesollection
were:

1. Centralised characterisation, seed increase and preliminary evaluation (Categ
of all new germplasm at CIAT-Quilichao, a research station close to the C
headquarters in Colombia. Plant characterisation and preliminary evaluation inc
a variable number of parameters ranging from growth habit to plant earliness
sometimes even to relative acceptability by cattle.

2. Agronomic evaluation of whole or core collections under exposure
environment-specific stresses (Category 2) at screening sites representing the
major agroclimatic zones of tropical America:

. ICA3Research Centre at Carimagua, Colombia: Tropical isohyperthermic savar
(Llanog in northern South America;

3. ICA = Instituto Colombiano Agropecuario.



.  EMBRAPA-CPAC Research Centre at Planaltina, Brazil: Tropical isotherr
savannahs(errado$ in Brazil;

. INIPA-IVITA ® Research Centre at Pucallpa, Peru: Colonisation zones in the L
American humid tropics.

All these research sites are characterised by fairly high rainfall but severe dry sez
and by very acid and highly aluminium-saturated, infertile Oxisols and Ultisols (Table

At these sitesStylosanthegermplasm was screened mainly for adaptation to soil e
biotic stresses and for dry-season performance. Selected accessions were then teste
the regional trials network of RIEPT which extends throughout Latin America ove
variable number of several dozen sites, from almost 23°N in Cuba to 27°S in sou
Paraguay (Toledo et al, 1989).

Such multi-locational testing of germplasm essentially consisted of adaptation
(Regional Trials A) and seasonal productivity trials (Regional Trials B). In the adapta
trials, evaluation of a relatively large number of entries is performed based on si
observations. The seasonal productivity trials have fewer entries and plant performa
assessed based on measurements and yield samplings. Evaluation methodolog
uniform throughout the network and results are pooled in a centralised RIEPT data
for subsequent multilocational analyses.

After agronomic evaluation and screening for tolerance to environment-spe
stresses, production-system specific research was performed with seddyitesdnthes
germplasm. This research consisted essentially of sward-productivity and leg
persistence trials witBtylosanthdgrass mixtures (Category 3, Regional Trials C) and,
a later stage, animal-production experiments on selected stylo/grass pastures (Cate
Regional Trials D) (see Miles et al, pp. 27-35). At all evaluation stages researct
accompanied by efforts to produce seed of the best-performing accessions.

Main biotic constraints

During the agronomic-evaluation stages and the subsequent production-system s|
research and seed production, several biotic constraints in the form of diseases anc
pests were identified fd8tylosanthegermplasm. The major constraints are anthracno
rhizoctonia foliar blight, stem borer and bud worm.

Anthracnose

(Colletotrichum gloeosporioidgsThis fungal disease is, throughout all agroclimatic zon
of the Latin American tropics, the major limiting biotic factor inStflosanthespecies.
However, significant ecosystem differences due to physiological races ofthe pathoger
been identified (Lenné, 1985). An important example is the difference betw
anthracnose resistancefcapitatan the Colombia lanosand in the Brazilia€erados
Whereas in Colombia as much as 94% of the collection was classified as resistant, in
this was only true for 15% (Table 3).

Anotherimportant ecosystem effect isthe anthracnose tolerance oSmaignensis
“‘common” genotypes in the humid tropics, in contrast with their susceptibility in
savannah ecosystems (théanosand Cerrado3. Evidence suggests that in the humi
tropics anthracnose infection does occur but remains latent mainly because of the pre
of antagonistic bacteria and diurnal temperature fluctuations (Lenné, 1985). In getl

4. EMBRAPA-CPAC = Emperesa Brasileira de Pesquisa Agrpercuaria—Centro de Pesquisa Agrope
dos Cerrados.

5. INIPA-IVITA = Instituto Nacional de Investigacion Agropecuaria—Insituto Veterinaro de Investigacio
Tropicales y de Altura.
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Table 3. Field anthracnose screening of 121 accessionStgibsanthes capitata Colombia and

Brazil.
Reaction to anthracnose
Country Resistant Susceptible
(%) (%)
Colombia (lanog 94.2 5.8
Brazil (Cerradog 14.9 85.1

Source: Lenné (1985).

the best anthracnose tolerance has been found only in $itylesanthespecies, namely
S. capitata, S. guianensiar paucifloraandS. macrocephala

Rhizoctoniafoliar blight (Rhizoctonia sp)

This fungal leaf disease has so far only been observB8drimacrocephaland only in the
ColombianLlanos Here, however, it had a devastating effect on 108 out of 111 acces:
(CIAT, 1988).

Stem borer(Caloptilia sp —Lepidoptera)

The stem borer has been reported to severely affect the persistence ofSwiesanthes
species, mainhks. scabrain the Colombian_lanos(Calderén, 1983; Thomas and Dia:
1989). Symptoms appear on old plants and this makes germplasm evaluation for sten
resistance somewhat difficult asthe eventual effect of the pest can be confused with n
death of old plants.

Bud worm (Stegasta bosquella -epidoptera)

The bud worm can very significantly affect seed production &tglbsanthespeciesin all
agroclimatic zones.

It should be pointed out thats-a-visanthracnose, all other biotic constraints are,
general, considered to be of secondary importance in tropical America and hav
therefore received major research attention.

Evaluated species

Most Stylosanthegermplasm in the CIAT collection has been evaluated within the CI.
screening system and, partly, the RIEPT network. This includes the whole collectio
S. guianensis, S. capitata, S. macrocephala, S. seaiuta. viscosand selected accession
of most of the other species.

Stylosanthes guianensis

Since the inception of tropical forage researghguianensis©ias been one of the few
better-known legumes in tropical America. During the initial phase of CIAT's legu
introduction and evaluation work in the early 1970s in the subhumid tropics of Colon
S. guianensishowed good drought tolerance and excellent adaptation to very :
low-fertility Oxisols and Ultisols, but it also rpended well to higher feiliser inputs. Its
productivity and potential use, however, were constrained by its susceptibilit
anthracnose. This was not only true for the Australian commercial varieties tested :
beginning ofStylosanthesvaluation in tropical America but also for most of the ve
comprehensive germplasm collection that was assembled between 1973 and 1988 (
1974-1989).



This screening for anthracnose resistance in the subhumid tropics showed a par
S. guianensisype to be consistently more disease-tolerant than any Stigerianensisa
late-flowering, many-branched and fine-stemmed type with narrow leaflets; leaves
stems with viscid hairs (and, consequently, of low palatability); and inflorescences with
few flowers. This distinct group was for some time referred t8.@slianensi&ardio”, in
contrast with the “common” forms ofthe species, and was later described as a new bof
variety,S. guianensisar paucifiora In RIEPT trials in the subhumid savannah regions.
proved to be particularly well adapted to the Brazilzerradoswhere it showed the best
dry-season performance of the tesBtglosanthespecies (Table 4).

Table 4. Seasonal dry-matter (DM) yields of 88ylosanthespp accessions and twentrosema
species at eight RIEPT trial sites in the ‘Cerrados” of Brazil.

CIAT DM yield (t/ha/12 weeks)

accession Species Rainy season Dry season
2039 S. macrocephala 4384 237 cde
2053 S. macrocephala 4.36 a 156 e
2244 S. guianensigar pauciflora, 4.04 ab 597 a
1281 S. macrocephalavPioneiro 3.60 bc 159 e
2252 S. capitata 3.56 bc 217 cde
2243 S. guianensigar pauciflora

cv Bandeirante 3.46 bc 555 ab

2191 S. guianensisar pauciflora 3.42 bc 499 ab
2732 S. macrocephala 3.39bc 254 cde
1019 S. capitata 3.28 bc 271 cd
1079 S. capitata 3.27 bc 303 ¢
1094 S. viscosa 321c 185 de
1095 S. guianensigar pauciflora 3.20c 465 b
2746 S. guianensigar vulgaris 3.15¢c 572 ab
2203 S. guianensis 3.08¢c 482 b
1318 S. capitata 3.03c¢c 229 cde
2245 S. guianensisar pauciflora 295¢c 602 a
5112 C. acutifolium 1.18d 275 cd

1. a,b,c,d and e: Significant differences at P = 0.05.
Source: RIEPT, unpublished data.

One accession (CIAT 2243 = BRA-003671) was subsequently release
EMBRAPA as cv Bandeirante. Its adoption, however, is constrained by a
seed-production potential. A plant breeding project to combine the anthracnose resi:
of S. guianensisar pauciflora with the considerably higher seed production and higf
palatability of “common” forms of the species, is fairly advanced (CI28B1). Another
anthracnose-tolera®. guianensithat is currently generating considerable interest in t
Brazilian Cerrados is a distinct form o8. guianensigar vulgarisfrom Minas Gerais.

In contrast with the subhumid savannah regidsguianensiScommon” shows
remarkable anthracnose tolerance in the humid tropics. This anthracnose toleranc
not only observed at the major screening site, Pucallpa, Peru, but also at a wide ra
RIEPT trial sites throughout the Latin American humid tropics (Amézquita &9a1,).
In Peru, accession CIAT 184 was released in 1985 as cv Pucallpa; Table 5 gives a su
of its agronomic performance over 32 RIEPT sites.



Table 5. Agronomic performance &tylosanthes guianen€3AT 184 over 32 RIEPT trial sites in the
humid tropics of Central and South America.

Parameter Mean s.d. (04 Range

Clover at 12 weeks (%) 63.7 31.6 50 8-100

Plant height at 12 weeks (cm) 39.5 17.1 43 7— 66

Yield under maximum rainfall 4.38 2.35 54 0.8-10.54
(t/ha/12 weeks)

Yield under minimum rainfall 4.07 3.84 94 0.56-16.94
(t/ha/12 weeks)

Reaction to anthracnose (0—4 scale) 1.6 11 74 0-4

Source: Amézquita et al (1991).

Stylosanthes capitata

The promise of this species was identified in the mid-1970s mainly because ¢
anthracnose tolerance in Colombia (Table 6).

Table 6. Reaction of 2&tylosanthes capitatacessions and & macrocephala inoculation with
anthracnosd€Colletotrichum gloeosporioides).

Anthracnose Ratingl
Species, accessions range mean
S. capitata(21 accessions) 1.0-1.7 1.1
S. macrocephalél accession) 11 11
S. guianensi§2 commercial “common” 3.2-4.8 4.0

control varieties)
1.1 = no disease; 5 = plant death.

Source: Adapted from Grof et al (1979).

The adaptation 0$. capitatais restricted to subhumid savannah environments w
sandy, acid soils. It has very low nutrient requirements and is less responsive to |
fertiliser inputs tharS. guianensidn 1983, the remarkable anthracnose tolerance in-
isohyperthermic savannah environmenttafosin Colombia and Venezuela) led to the
release, by ICA, of a cultivar (cv Capica) that consists of a blend of five accessions ((
1315, 1318, 1342, 1693 and 1728).

In the isothermic savannahs (the Brazil@erado3, S. capitatais also well adapted
but less drought-tolerant th&h guianensi¢Table 4). Here, the species in general sho
less anthracnose tolerance than in the isohyperthermic savannahs (Table 3); tt
hindered the release of a Brazilian cultivar.

The nutritive value 0$. capitataincluding its palatability, is medium to high (12-19%
crude protein; 55-60% DM digesiity). The seed production potential is very high an
allows for permanent seedling recruitment. Dry-season performan& oapitata
however, is sub-optimal; future plant improvement and selection projects sh
concentrate on this trait and on improving anthracnose tolerance for the Bra:
Cerrados

Stylosanthes macrocephala

The adaptation of this species is very similar to that of the closely reSatagbitatan that
it grows well on very acid, infertile soils in subhumid savannah environments. In con
with S. capitata however, the anthracnose toleranc&omacrocephalaxtends to both



the isohyperthermic and isothermic savannah ecosystemsL(#m®s and Cerrados
respectively). In addition, with 14-22% crude protein and 66—75% DM digigtds
leavesS. macrocephalhas a higher nutritive value th& capitata

At the major screening site, EMBRAPA-CPAC Planaltina, and throughout RIE
trials in Brazil,S. macrocephalperformed well unde€erradosconditions, particularly
during the wet season (Table 4). A Brazilian accession (Cll281 = BRA-003697) was
released by EMBRAPA—-CPAC as cv Pioneiro in 1983 but its adoption has been m
constrained by poor dry-season performance. It is considered that less early flow
genotypes are required for the northern part of the Brazliamados Systematic
screening of a major germplasm collection has shown considerable intraspecific var
in this respect but further germplasm collection is indicated (Schultze-Kraft et al, 19¢

In the isohyperthermic savannahislgnosin Colombia and Venezuelal.
macrocephalavas initially also considered as promising until almost the entire germpl:
collection was severely affected by rhizoctonia foliar blight (CIAT, 1988).

Stylosanthes scabra

A verycomprehensive and veryvariable germplasm collection has been assembled a
characterised at the CIAT—-Quilichao Research Station, Colombia (Maass

Schultze-Kraft, 1993). At the major savannah screening site, EMBRAPA-CP
Planaltina, performance of pre-selected accessions was, after some initial promise, to
to consider further evaluation (CIAT, 1982). At the other savannah screening

ICA—Carimagua, considerable variation was observed within a 94-accession core colle
(Thomas and Diaz, 1989), but accessions identified as promising were not suffici
outstanding to justify further research for the time being. Consequently, no major reg
testing was carried out with. scabragermplasm.

The main constraints to the potential useSofscabrain tropical America are
susceptibilityto anthracnose, little-leaf mycoplasma and the stem borer. The species
to have a wider soil adaptation (including somewhat heavier soils)3hgmnianensis, S.
capitataandS. macrocephalalthough it grows well on acid, infertile soils. Furthermor
S. scabran general seems to be more suited to environments that are somewhat drie
the majorStylosanthescreening sites (see Table 2).

Stylosanthes viscosa

As in the case 0%. scabrathe germplasm collection &. viscosavas characterised anc
evaluated with respect to adaptation to edaphic and biotic stresses at CIAT—Quili
That work revealed considerable variation in a series of morphological and agron
traits, amongst them anthracnose tolerance and palatability to cattle (Keller-Greir
Schultze-Kraft, 1992). As a result, a core collection of 31 accessions was identifie
further regional testing.

Based on the limited experience from tropical AmerBayiscosaseems to have
climatic requirements similar to those ®fscabrai.e. it is more suited to somewhat drie
environments.

Soil adaptation is possibly not as wide as th&.afcabrabutS. viscosagrows well on
light-textured, acid soils of low fertility. Suggested major constraints to the potential u:
S. viscosaare susceptibility to anthracnose, low productivity and low palatability due
plant stickiness.

Other species

Germplasm evaluation of limited numbers of accessions performed at the same subt
to-humid CIAT-screening sites (see Table 2) with some other, potentially import
Stylosanthespecies can be summarised as follows:



S. humilis Potential limited by annuality and anthracnose susciiptib

S. hamata Insufficient adaptation to acid, low-fertility soils; too short-lived.
S. sympodialis Insufficient adaptation to acid, low-fertility soils.

S. fruticosa High anthracnose susceptibility.

S. leiocarpa Some tropical forms from Bahia, Brazil, with rhizomes and anthracn
tolerance; low productivity is a major constraint.

Conclusions

Considerable efforts to assemble and screen a large and very vadiglusanthes
germplasm collection were undertaken by CIAT and collaborating national institutior
tropical America. High-potential species for acid, infertile soil conditions in the hul
tropics areS. guianensig‘common”), while in the subhumid savannah regions they ¢
S. capitataand S. guianensivar pauciflora. Species warranting regional evaluation i
somewhat drier environments, yet with acid, low-fertility soils, 8remacrocephala,
S. scabraandsS. viscosaSusceptibility to anthracnose is the major constraint in the ger

Further germplasm collection missions in tropical America are indicated mainl
broaden the available genetic base of species which so far have been collected only
or not at all.

Breeding projects may well be necessary if there are constraints that cannt
overcome through screening within a sufficiently broad natural variability. An exampl
thisistheS. guianensiproject at CIAT which aims at combining the anthracnose resista
of S. guianensisyar pauciflora with the seed production potential of “commo8’
guianensisHowever, the lack of major breakthroughsStylosanthedreeding projects
that have been carried out so far, suggests that bre&dytapanthegand other wild
legumes) is not an easy task. Therefore, and in view of the fact that breeding is gene
costly, long-term commitment, any breeding plan should be preceded by a careful ar
of the project and alternative options.

Stylosanthescreening in tropical America has always been directed towards
development of traditional, extensive-pasture, low-input cattle production systems on
low-fertility soils. As new systems such as integrated crop-livestock production
ley-farming emerge, it might be timely to reconsider the potential role of the var
Stylosanthespecies, and to revise evaluation objectives (including soil adaptation
nutrient requirements) and methodologies.

References

Amézquita M C, Toledo J M and Keller-Grein G. 1991. é&mgomic performance dBtylosanthes
guianensiscv Pucallpa in the American tropical rain forest ecosystempical Grasslands
25(3):262—267.

Calderon M. 1983. Insect pests of tropical forage plants in South Améhiceeedings, XIV
Intemational Grassland Congredsexington, Kentucky, USA, 15-24 June 1981. pp. 778-78C

CIAT (Centro Internacional de Agricultura Tropical). 1974-198%nual Reportsl973-1988
Tropical Pastures Program, CIAT, Cali, Colombia.

CIAT (Centro Internacional de Agricultura Tropical). 198%ronomia en lasabanas isotérmicas
— Cermado. Informe Anual 198Programa de Pastos Tropicales, CIAT, Cali, Colombia.

CIAT (Centro Internacional de Agricultura Tropical). 198&ronomy LlanosTropical Pastures
Program Annual Repof987. Working Document 44. CIAT, Cali, Colombia.

CIAT (Centro Internacional de Agricultura Tropical). 19%lant breeding.Tropical Pastures
Program Annual Repof987-1991. CIAT, Cali, Colombia.



Crowder L V, Vanegas J, Lotero J and Michelin A. 1958. Produccion y adaptacion relativa de
especies y selecciones de pastos y leguminosas en 11 localidades de Cdlgritoitura
Tropical 14(6):351-372.

Ferreira M B and Costa N M S. 1979. género StylosanthesSw. no Brasil EPAMIG, Belo
Horizonte-MG, Brazil. 108 pp.

Grof B, Schultze-Kraft R and Muller F. 1978tylosanthesapitataVVog., some agronomic attributes
and resistance to anthracnoseolletotichum gloeosporioideBenz.).Tropical Grasslands
13(1):28-37.

Hymowitz T. 1971. Collection and evaluation of tropical and sub-tropical Brazilian forage legul
Tropical Agriculture (Trinidady8:309—-315.

Keller-Grein G and Schultze-Kraft R. 19%®Rreliminary agronomic evaluation of &tylosanthes
viscosaSw. collectionCSIRO Genetic Resources Communication 15. CSIRO (Commonwe
Scientific and Industrial Research Organization), Brisbane, Australia. 35 pp.

Lenné J M. 1985. Recent advances in the understanding of anthracr8iglsdnthes tropical
America.Proceedings, XV Intemational Grassland Congrég®to, Japan, 24-31 August 1985
pp. 773-775.

Maass B L and Schultze-Kraft R. 1993. Characterisation and preliminary evaluation of a
germplasm collection of the tropical forage legudt@osanthescabraVog. Proceedings, XVII
Intemational Grassland Congred®almerston North, New Zealand — Rockhampton, Austral
7-21 February 1993. (In press.)

tMannetje L. 1984. Considerations on theadaamy of the genuStylosanthedn: Stace H M and
Edye L A (eds)The biology and agronomy 8tylosanthes. Academic Press, Sydney, Austral
pp. 1-21.

Otero J R. 1952nformacoes sobre algumas plantas forrageifdl#\, Ministério da Agricultura, Rio
de Janeiro, Brazil. 313 pp.

Schultze-Kraft R, Reid R, Williams R J and Coradin L. 1984a. The exiStylgsanthesollections.
In: Stace H M and Edye L A (ed§)he biology and agronomy 8fylosanthes. Academic Press
Sydney, Australia. pp. 125-146.

Schultze-Kraft R, Costa N M S and Flores A. 198&8iylosanthesnacrocephaldV.B. Ferr. et S.
Costa - Collection and preliminary agronomic evaluation of a new tropical pasture leg
Tropical Agriculture (Trinidad)61(3):230-240.

Shock C C, Mossocato A J M and Veasey A J. 19ik@ntario de gramineas e leguminosas forrageire
— Um banco de germoplasma servindo o Brasil d@sé2.IR1, Matao—SP, Brazil. 129 pp.

Thomas D and Diaz F. 1989. Caracterizacion de accesion8g/deanthescabra en los Llanos
OrientalesPasturas Tropicaled1(1):2-6.

Toledo J M, Lenné J M and Schultze-Kraft R. 1989. Effective utilization of tropical past
germplasm. In: FAO (Food and Agriculture Organization of the United Natidtiigation of
genetic resources: Suitable approachespagmical evaluation and useAO Plant Production
and Protection Paper 94. FAO, Rome, Italy. pp. 27-57.

Williams R J, Reid R, Schultze-Kraft R, Sousa Costa N M and Thomas B D. 1984. Natural distrib
of Stylosanthedn: Stace H M and Edye L A (edg)he biology and agronomy Stylosanthes.
Academic Press, Sydney, Australia. pp. 73-101.



Stylosanthes accessions for medium-altitude
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Abstract

Thirty-four Stylosanthes scabra20 S. guianensiand 66S. hamataaccessions were
compared for biomass production on an acid soil in a medium-altitude subht
environment in southern Ethiopia. Accessi@scabraILCA 12555, 11625, 11599 and
11608),S. guianensigILCA 11737 and 11776) an8. hamata(lLCA 167) outyielded
existing commercial cultivars and are recommended for further agronomic evaluatior
animal feed trials in similar environments in sub-Saharan Africa.

Performances des acquisitions de  Stylosanthes sur
sols acides dans des régions
d’altitude moyenne

Résumé

Une étude comparative de la production de biomasse de 34 acquisitidtyfodanthes
scabra 20 deS. guianensist 66 deS. hamataa été effectuée sur sol acide dans une régi
subhumide d’altitude moyenne du sud de I'Ethiopie. La poursuite d’essais d'évalu
agronomique et d’alimentation animale dans des milieuxanalogues en Afrique subsaha
a été recommandée pour les acquisitions ILCA 12555, 11625, 11599, 11608aidra
ILCA 11737 et 11776 d8. guianensigt ILCA 167 des. hamatadont les performances
étaient supérieures a celles des cultivars commerciaux.

Introduction

In the search foBtylosanthegermplasm adapted to the different edaphic and clime
conditions in sub-Saharan Africa, the genebank of the International Livestock Centr
Africa (ILCA) in Ethiopia has acquired several accessions of native and 8xglisanthes
species (Hanson and Lazier, 1988; Kidest et al, 1992). However, only a few accession
been evaluated for their adaptation to the acid soils of sub-Saharan Africa (Lazier,
Hakiza et al, 1988; Larbi et al, 1992). Screening is needed to identify best-bet acce
for further evaluation by national agricultural research systems (NARS). This p
reports biomass production 8fylosanthes scabra, S. guianersislS. hamataccessions
grown on an acid soil at Soddo in southern Ethiopia.

Materials and methods

The studies were conducted from 1988 to 1990 at the ILCA Research Site at S
(6°50’N, 37P45E, altitude 1950 m asl), southern Ethiopia. The site has a subhumid clin
annual rainfall averagd®60 mm, and occurs mainly from May to October with a mark



dryseason from mid-December to late March. Totalannual rainfall during the study p
was 1234, 1269 and 1045 mm for 1988, 1989 and 1990, respectively. The soil ¢
experiment site is a Nitosol with pH of 4.446), 0.19% total nitrogen, 5.1% organic matte
and 1.2 ppm (Bray Il) available phosphorus.

Three experiments were conducted to compare biomass product®irscdbra, S.
guianensisandS. hamataccessions on acid soil.

S. scabra

Thirty-four BrazilianS. scabraaccessions were evaluated with commercial cultivars S
and Fitzroyincluded as controls. The treatments were replicated sixtimes in a rando
block design using a plot size of 3 x 0.5 m. Each plot received an annual application
tfarmyard manure/ha and 40 kg P/ha astriple superphosphate which were broadcast
planting and hoed into the surface soil. Thereafter, scarified seed was drilled at 4 kg

Cuts for biomass estimation were made on April 19 and August 1, 1990 using
0.5 m quadrat per plot harvested at 10 cm height above ground level. Subsample:
oven-dried at 6%C for 48 hours to estimate dry matter (DM). After each harvest, pl
were grazed with native cattle for 3rburs at a mean stocking rate of 50 animals/ha us
a mob-grazing technigue (Mislevy et al, 1981).

S. guianensis

The trial was conducted on existing swards of 18 new accessioBsguiianensisvith
commercial cultivar Cook as control. Plots measuring 2 x 2 m were planted in June
using a randomised block design with four replications and a seeding rate of 4 kg/h
plots were cut back to ground level in Octob®389 after which 40 kg P/ha as triple
superphosphate was broadcast to each plot and raked into the surface soil.

A 1 x 0.5 m quadrat was harvested at 5 cm height above ground from each p
estimate biomass on January 24, June 27 and October 26, 1990. Subsample
oven-dried at 6%C for 48 hours to estimate DM. Dry-season samples were analysec
nitrogen (Gallaher et al, 1975). Plots were mob-grazed with native cattle after each h:
(Mislevy et al, 1981).

S. hamata

One hundred and sixty-six accessions were planted in 788&in 1 x 1 m plots using a
randomised block design with two replicates. Four plants were planted per plot, spac
cm apart. Plants were harvested to 5 cm above ground at six-weekly intervals to dete
biomass production. Subsamples were oven-dried%2 & 48 hours to estimate DM.

Results and discussion

There were significant differences in DM yield among the accessiorts. stabra
Dry-matter yield of the top ten accessionsis presented in Table 1. AccessionsILCA 1
11625, 9267, 11599 and 11608 produced more DM than Seca partly due to differen
plant vigour estimated as spread of stolons from the middle of the plot and toleran
grazing. Edye et al (1976) reported similar variations in yield among $ouscabra
accessions in central Queensland. No accession was superior to Fitzroy.

Mean DM vyield of the 20 accessions®fguianensisanged from 4.0-8.3 t/ha. The
Brazilian ecotypes ILCAL1737 and 11776 produced more DM than the commer
cultivar Cook (Table 2). Differencesin grazing tolerance maybe partlyaccountable. T
findings confirm reported variationsin DM yield between accessioBg/fsanthespecies
(Edye et al, 1991).



Table 1. Mean dry-matter yields of 10 promising Brazilian accessiorStgbsanthes scabian an
acid soil, Soddo, southem Ethiopia.

Accession number

Yield?
ILCA CIAT (t DM/ha)
12555 - 2.10
11625 1090 1.93
9267 - 1.84
11599 1084 1.82
11608 2554 1.75
11300 1908 1.67
11281 1313 1.63
Fitzroy2 - 1.34
Secd - 1.19
6854 - 1.15
LSD (P< 0.05) 0.73
Range(34 accessions) 2.10-2.50

1. Mean of three cuts.

2. Commercial cultivars.

Crude-protein concentrations in leaves during the dry season also differed a
S. guianensisccessions (Table 2). Leaves of cultivar Cook had a significantly higher
than ILCA 11765 presumably due to differences in leaf-to-stem ratio. Similar differe!
in CP content amongtylosantheaccessions were reported in Australia (Edye et al, 197
The range (83-127 g/kg) of CP reported in this study was above the minimum level c
known to inhibit intake of tropical forages (Minson, 1980), suggesting that these acces
could be useful in protein banks to supplement dry season grazing.

Table 2. Mean dry-matter yields (t DM/ha) and crude-protein concentrations (g/lkg DM) of
promising accessions 8tylosanthes guianens@n an acid soil, Soddo, southem Ethiopiz

Accession Number

Yield! CP?
ILCA CIAT Origin (tDM/ha)  (g/kg DM)
11737 1684 Brazil 8.25 108
11776 1808 Brazil 8.03 108
6995 - Zimbabwe 6.96 111
11765 10243 Brazil 6.64 99
11876 1401 Colombia 6.43 102
11840 1492 Venezuela 6.33 98
11878 1424 Brazil 5.92 103
11732 1970 Colombia 5.88 109
11733 1972 Colombia 5.72 114
Cook® - - 4.07 123
LSD (P< 0.05) 3.00 31
Range (20 accessions) 3.96-8.25 83-127

1. Mean of three cuts.
2. Dry season crude-protein content.
3. Commercial cultivar.

Biomass production of the top 1®. hamataaccessions is presented in Table
AccessionS. hamatdLCA 167 produced about twice as much dry matter as most of
promising accessions probably due to early establishment and faster regrowth
defoliation.



Table 3. Mean dry-matteryields (t DM/ha) of 10 promisBtglosanthes hamagacessions on an acid
soil, Soddo, southem Ethiopia.

Accession number Yiefd
ILCA CPI (t DM/ha)
167 - 7.05
15857 110046 3.29
15866 110060 2.85
15935 110166 2.76
15850 110038 2.70
15932 110157 2.68
15893 110095 2.68
15860 110050 2.65
15933 110158 2.63
Veran@ 1.70
LSD (P< 0.05) - 1504
Range (166 accessions) 0.53-7.05

1. Mean of eight cuts.

2. Commercial cultivar.

Conclusions

From the results accessiors: scabralLCA 12555, 11625, 11599, 11608, guianensis

ILCA 11737, 11776 an®&. hamatdLCA 167 appeared to be adapted to the Nitosols
southern Ethiopia and probably similar environments in eastern and western Africa. |
accessions merit further agronomic evaluation and animal-feed trials. Studies on yiel
guality of accessions in drier environments may be worthwhile since dry season feed (
is the major problem facing livestock production in sub-Saharan Africa.

Outbreak of anthracnoseCélletotrichum gloeosporiodgds seen as a major dis:
advantage to usingtylosantheaccessions. However, in the present and earlier trials r
S. guianensi|and S. scabraaccessions were relatively tolerant to anthracnose att
compared with the commercial cultivars.
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Abstract

The evaluation ofStylosanthespecies has featured prominently in ILCA’s forag
evaluation programme in the subhumid zone of Nigeria. The evaluation of over
accessions within the genus using a series of evaluation stages ranging from sme
observation trials through to full-scale grazing trials is described. Accessions which &
good or better thars. hamatacv Veranqg which is currently being used for pastur
developments, included tw8. guianensisiccessions (ILCA 164 and 15557) and @&e
hamataaccession (ILCA 15876).

Travaux d’évaluation et essais multilocaux sur des
especes de Stylosanthes en Afrique de 'Ouest

Résumé

Volet extremementimportant des travauxdu CIPEA dansla zone subhumide du N
I'évaluation des espéces 8tylosanthedans cette région a porté sur plus de 200 acquisitio
et plusieurs stades, allant d’essais d'observations en petites parcelles a des traval
paturage. L es acquisitions dont les performances étaient analogues ou supérieures a c
S. hamatayv. Verano, actuellement utilisé dans la mise en valeur des parcours, comprel
deux lignées d8. guianensislL CA 164 et 15557) et une & hamatdILCA 15876).

Introduction

Stylosanthespecies have been used widely in West Africa and almost every country il
region has attempted to uSaylosantheso establish pastures e.g. in Mali (ILCA, 1989
and in Cameroon (Tarawali and Pam®92). In the subhumid zone of Nigeria, th
International Livestock Centre for Africa (ILCA) followed on from the work wit
Stylosanthednitiated at the National Animal Production Research Institute (NAPR
Shika, Zaria, to develop the “fodder-bank” package (Mohamed-Saleem and Sulei
1986).Stylosanthes guianengidubl.) Sw. cv Cook and cv Schofield agd hamatgL.)
Taub. cv Verano were used at first. However, the incidence of anthracnose (caus
Colletotrichum gloeosporiodg€$enz.) Sacc.) on th. guianensiaccessions subsequentl
rendered the fodder-bank package dependant on8; tiamatacv Verano. Despite this
fodder banks, based on Verano, have been widely used in northern Nigeria (Baye
Waters-Bayer, 1989).



Recognising the dependance of the pasture package on a single cultivar to
unstable position, ILCA initiated a forage legume evaluation programme to identify o
material that may complement or replace Verano in fodder banks (Mohamed-Saleel
Otsyina, 1984; Tarawali et al, 1989; Tarawali, 1991). This paper reportson the perforn
of the Stylosantheaccessions included within the evaluation programme.

Materials and methods

Evaluation site

Unless indicated otherwise, the experiments described below were carried out at IL
Kurmin Biriresearch site PB5'E, 110N 700 m asl) on a Ferric Luvisol. General feature
of the top 20 cm of soil are presented in Table 1. The site isin the subhumid zone of N
(Northern Guinea Savannah) where rains begin in April, are steady by June and ¢
October; rainfall during the experimental period (1988 to 1991) is summarised in Figu
Mean monthly temperature range is fronf@2n December/January to Z8in April.

Table 1. Chemical and physical parameters of the top soil (0—20 cm) for ILCA's experimental sit

Kumin Biri.
Parameter Minimum Maximum
pH (H20) 4.7 5.7
Carbon (%) 0.99 141
Total N (%) 0.06 0.08
Available P (Bray) 0.42 2.19

Cations, Meq/100 g soil

K 0.14 0.23
Ca 1.60 2.36
Mg 0.30 0.76
Na 0.04 0.05

Texture (%)

Sand 2.00-0.02 mm 65 72
Silt 0.02—0.002 mm 14 16
Clay < 0.002 mm 13 19

Source: Peters (1992); for more details on soil characteristics see Tening et al, pp. 115-124.

The evaluation procedure

A stepwise sequence of evaluation stages was used. All accessions were included
initial stages after which unsuitable material was progressively elimin&tgldsanthes
hamatacv Verano was included at all stages for comparison. The evaluation stage
summarised in Figure 2.



Figure 1. Rainfall (mm) at experimental areas in Kurmin Biri, 1988-1991.
500 |- 500 |

1989, TOTAL = 1204 mm

1988, TOTAL = 1303mm
400

300 [

200 [

100 [~

J F M AMJ J A S O N D JJ FMAMJ J A S OND

1990, TOTAL = 1658 mm

°00 500 1991, TOTAL = 1308 mm

400 [~

J  FMAMJ J A S OND
J FM A M J J A S OND

Acquisition (Stage 1)

Accessions were obtained from (Centro Internacional Agricultura Tropical (CIAT), C
Colombia), the Commonwealth Scientific and Industrial Research Organisation (CSl|
Australia, from ILCA, Ethiopia (see Hanson and Heering, pp. 55-61) and from nati
institutes in West Africa.

Preliminary evaluation (Stage 2)

This stage, lasting two growing seasons, encompassed observations of general
parameters and collection of seeds for future trials. At the beginning of the wet se
scarified seeds were sown in single rows on the centre of plots 0.5 x2.0 min size, wit
replications; the plots were hand-weeded regularly throughout the experimental pe
Growth, flowering time (month when 50% of the plants has flowers), seed produc
(monthly totals), disease incidence (“score”, % incidence and severity) and dro
tolerance (“score”, % of plot that is green) were monitored for two years.

Agronomic evaluation (Stage 3)

At the start of the wet season, scarified seeds of promising material selected from S
were sown on 2 x 3 m plots in a randomised complete block design with three replica
Single superphosphate (SSP)180 kg/ha was applied at planting and the plots we
hand-weeded throughout. At the end of the wet season, twayliaarats were harvestec



Figure 2. The sequential evaluation procedures of legumes species used in the subhumid z

Nigeria.
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Summary of the evaluation stages used at the ILCA subhumid zone research site, Nigeria. The dotte
indicate stages introduced in 1991 to tryto speed up the evaluation process by combining other stages. “E
collections” were similar to preliminary evaluation but included cutting to measure yield, thereby partlyincic
the agronomic evaluatioBtylosantheaccessions were not included in this evaluation stage. Small-plot gra:
is described in the text and did inclu8&losantheaccessions.

from each plot, the dry-matter (DM) yield determined and samples of the dry material
ground and analysed for crude protein (CP). Other observations were as describ
Stage 2. Trials were monitored for two to three years.

Multilocational testing (Stage 4)

Selected material was evaluated for four years at various sites in northern Nigeria usi
Stage 3 method but without CP analysis (Table 2). Plots were kept weed-free for the
two years, then weeds were allowed to invade for the following two years. Selection fo
at this stage was based on recommendations derived from earlier evaluation stage:
accessions were planted at each site, incluBliftamatayv Verano, which was planted a
all sites;S. humilisILCA 7363 (Townsille) was planted as a control at Maiduguri an
Katsina ands. scabrdLCA 441 (cv Seca) at Makurdi, Jos, Katsina and Bauchi.

Performance in sward (Stage 5)

The performance in swards (dry-matter yield, nutritional value through the dryseason
production, drought tolerance, disease incidence and regeneration) of material se
from Stage 3 trials growing in competition with the natural vegetation under differ
management regimes was assessed. The effects of phosphorus applicA60ra(@ 300
kg/ha SSP) and management (cutting, weeding and no weeding) were compare
split-plot experiment (Peters, 1992).



Table 2. Sites used for multi-locational testing of forage legumes in northem Nigeria.

Site Longitude Latitude Zone State
Makurdi & 35E 7P 44N Subhumid Benue
Jos 8 53E P 54N Subhumid Plateau
Bauchi § 47E 16 20N Semi-arid Bauchi
Rano 8 32E P 55N Semi-arid Kano
Maiduguri 13 16E 11° 53N Semi-arid Borno

Performance under grazing (Stage 6)

Selected materiaStylosanthes hamatav Verano,Centrosema pascuorugy Cavalcade
and Chamaecrista castia rotundifoliav Wynn) was planted on 0.4 ha paddocks a
managed as fodder banks (Otsyina et al, 1987). Two heifers were allowed to graz
paddocks as a supplement (two to three hours grazing per day) during the dry st
Pasture productivity was assessed and animal performance was monitored by fortr
weighing and condition scoring for two years (ILCA, 1991).

Small plot grazing trial (Stage 7)

This stage commenced in June 1991 in an attempt to reduce the number of stages ir
in the evaluation and include grazing livestock animals earlier in the process. It
intended to replace Stages 5 and 6 (Figure 2). Scarified seeds of selected materic
sown onto cleared, well prepared plots of 4.0 x5.0 m in a randomised block desigr
four replications. At sowing, 150 kg/ha SSP was mixed with the seeds. The plots
weeded only once soon after sowing to ensure good establishment. Four young
grazed the plots down to about 15 cm height every six weeks from September 1¢
January 1992. Immediately before and after grazing, on%dumdrat was cut from each
plot, separated into sown legume, grass and forbs, weighed and dried to determit
dry-matter yield of each component. All plots were uniformly clipped to 15 cm after gra
and sampling.

Seed multiplication (Stage 8)

The potential for seed production, in particular with different weed-control pract
(manual and chemical) was evaluated for promising mate8iglldsanthes hamatev
Verano;Centrosema pascuorugv Cavalcade an@hamaecrista rotundifoliazv Wynn).
Details are reported by Kachelriess and Tarawali (pp. 287-297) and Kachelriess
(1991).

Plant material

Stylosanthes hamatev Verano was included in all the experiments described abc
During the evaluation, several othtylosanthespecies and accessions were tested
described belowStylosanthes guianensBlAT 136 and 184 (ILCA 163 and 164) were
obtained in 1987 from Société de démpement des production animales (SODEPR/
Cote d’lvoire, where they were being tested for pastures as anthracnose-res
accessions dd. guianensis.

In 1988 a collection 0%. guianensifom ILCA headquarters, Addis Ababa, Ethiopie
together with six accessions eachSoffruticosaandS. scabrafrom the same source anc
oneS. guianensiaccession from the University of Florida were included. Also in 198¢
collection of 1635. hamataccessions received from CSIRO were evaluated in a sepa
experiment.



In 1990 31 accessions &f guianensiselected as being anthracnose-tolerant we
introduced from the ILCA genebank in Addis Ababa. An additional eight access
supplied by Professor J. Brolmann from the University of Florida were also introduce
1990.

RABAOC ! trials

In 1990, a trial was established as part of ILCA's Animal Feed Resources Nety
(AFRNET) in conjunction with CIAT and Institut dElevage et de Médicine Vétérina
des Pays Tropicaux (IEMVT), France. The trial was based on the multi-locational de
used by CIAT in South America (Toledo and Schultze-Kraft, 1982). Amongst the
herbaceous legumes, the followiBtylosanthespecies were include&. capitataCIAT
10280 (“Capica”)S. guianensi€IAT 184 and 10136&. hamatayv Verano and CIAT 147,
S. macrocephal&IAT 1281 andS. sympodiali€IAT 1044. Accessions were evaluate
during the wet and dry seasons for two years as described by Schultze-Kraft and T
(1990).

Results

S. guianensis CIAT 136 and 184

Both accessions performed well in the preliminary evaluation trial (Stage 2) and sh
some tolerance of anthracnose; some black spots were observed but they did not
nor damage the overall growth. Both accessions were included in a Stage 3 agro
evaluation trial. Dry-matter, seed- and crude-protein yields for three years are sho
Table 3. Both accessions yielded well and had good crude-protein contents. CIAT
flowered in October, and CIAT 136 in November. In subsequent years, flowering and
production was about six weeks earlier for both accessions. Both accessions seer
tolerate anthracnose, but a greater incidence and severity (up to 10%) was recorc
CIAT 136 than CIAT 184 (up to 5%). Theyretained some green leaves up until the
of January when some leaf drop started to occur. In all three years, they were amo
top four best accessions being evaluated from the 1987 introductions.

CIAT 184 was used in a Stage 5 experiment (Peters, 1992). In the small plot gr
trial CIAT 184 (ILCA 164) performed well, and showed a good regeneration capacity
grazing (Figure 3); even in the dry season it produced 372 kg/ha dry matter of regrov
the six weeks between the December and January grazing periods. It was the best
eight accessions used in this trial.

Table 3. Dry-matter, and seed yields 8f guianensi€IAT 136 and 184,

Yield t DM/h& Seed kg/ha
Year CIAT CIAT CIAT CIAT
136 136 136 136
1988 2.70 3.69 27 43
1989 10.14 9.56 145 117
1990 2.36 4.27 60 104

1. CIAT 136 = ILCA 163; CIAT 184 = |LCA 164.

2. Plots were harvested at the end of the wet seasons, 1988 to 1990. The crude-protein means for the th
are 13.6% for CIAT 136 and 10.1% for CIAT 184.

1. RABAOC: Réseau de recherche sur l'alimentation du bétail en Afrique occidentale et centrale.



Figure 3.  Dry-matter yields of two stylo accessions (164 and 15557) an8.tivamatgd15876 and
cv Verano) before (B) and after (A) grazing in the late wet and early dry season di
1991-1992.
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1988 introductions

OftheS. guianensis, S. fruticosadS. scabrecollection, theS. guianensiaccessions grew
best in the Stage 2 trial. A%. fruticosaaccessions flowered in September but se
production was poor with a maximum of 24 élfmm ILCA 10322. TwelveS. guianensis
accessions flowered in October, five in September and five in November; seed prodt
was poor from the late-flowering accessions, but others gave up to %%QJ Q@A 15568).
Two S. scabraaccessions flowered in September and four in October; maximum ¢
production was about 30 g%n(ﬂLCA 11247). All material showed diby to retain green
leaves through the dry season but all had some symptoms of anthra&@ngs@nensis
ILCA 15557 showed resistance to anthracnose at times when adjacent accession
severely affected. On the basis of the overall performance Sirggianensiaccessions,
one ofS. fruticosaand one of. scabravere selected for inclusion in a Stage 3 trial.

Dry-matter, seed- and crude-protein yields from the Stage 3 trial are shown in Ta
All accessions had high crude-protein contents. In terms of dry-matter Sicfiditicosa
performed poorly throughout the three-year peridguianensidLCA 15557 andS.
scabralLCA 11247 yielded best, the latter having particularly high seed y®eldsianensis
ILCA 15557 was again the most anthracnose-tolerant; incidence and severity di
exceed 10% throughout the trial period, as compared to the other accessions which re
up to 25%.S. guianensisLCA 15557 was used in the small plot grazing trial (Figure
where it performed well, yielding only slightly less than ILCA 164.



Table 4. Dry-matter, seed- and crude-protein yields of selected 19&Rlin¢tions in a Stage 3 trial over

three years.
DM vyield (kg/ha) Seed yield (kg/ha) CP
Accession
mean

1989 1990 1991 1989 1990 1991 (% DM)
S. fruticosd 0.44 0.29 0.12 105 10 13 14.2
S. guianensis 1.84 3.35 3.04 60 157 110 15.3
ILCA 15557
ILCA 15562 1.22 2.75 181 85 122 106 13.3
IF 8288 131 2.02 0.94 100 100 155 14.9
S. scabra 1.06 2.84 3.44 290 120 272 135
1. ILCA 10322.
2. 1ILCA 11247.

S. hamata collection, 1988

All 163 of the accessions established welaligh only 0.2 g of seeds of each was plante
germination ranged from 4 to 54% of the seeds planted. All flowered in August begin
54 to 69 days after planting. Seeds were produced mostly from October to Nove
although some were collected up to January. The majority of the accessions (98)
semi-erect growth habit, 40 were erect and 25 prostrate. Anthracnose symptoms
recorded on all accessions, but the majority (139) had less than 10% incidence whi
remainder had up to 50%. All the cultivars dried up during the dry season, although
half of them retained over 50% of their leaves up to mid-dry season.

Table 5. Dry-matter, seed- and crude-protein (CP) yields of sele§ellamataccessions in a Stage

3 trial.

Dry matter (kg/ha) Mean Seed vyield (kg/ha) CP
Accession mean
(ILCAno) 1989 1990 1991 1989 1990 1991 (% DM)
15868 2.99 5.12 5.00 (4.37) 38 82 87 11.8
15876 3.08 4.77 4.33 (4.06) 43 85 109 11.2
15861 3.00 3.24 3.54 (3.26) 45 89 137 11.3
15959 1.78 3.50 2.90 (2.72) 26 98 89 13.6
15908 1.28 3.51 3.16 (2.65) 42 126 98 12.6
15895 1.93 3.32 1.93 (2.39) 25 117 97 14.1
15924 1.44 3.18 2.45 (2.35) 17 124 85 10.9
15932 1.46 3.38 2.00 (2.28) 17 66 77 10.8
15892 1.75 291 1.97 (2.21) 22 90 62 13.3
15936 1.19 2.77 1.60 (1.85) 13 75 61 12.2
15938 0.82 165 1.02 (1.16) 10 64 67 11.2
15926 1.04 1.63 1.13 (1.27) 12 66 50 10.4
Verano 1.18 1.34 0.69 (1.07) n/a 110 67 12.3
15925 0.63 0.64 1.43 (0.90) 9 59 91 10.8
SD (0.05) 1.02 1.49 1.01 12 35 39 -

n/a = not available.



Thirteen promising accessions were used in a Stage 3 trial. Dry-matter, seec
crude-protein yields from this trial are presented in Table 5. All contained more than
crude protein, whilst cv ILCA 15868 and 15876 had the best dry-matter yields. Seed:
were low in the first year, but increased subsequently. Anthracnose was recorded
50% incidence and 25% severity; only ILCA 15876 did not exceed 25% incidence.
accession was therefore selected for evaluation in the small plot grazing trial whe
performance was considerably better than Verano stylo although not as good as$he
guianensisaiccessions (Figure 3).

S. guianensis collection 1990

All 31 of the accessions were established in a Stage 2 trial. Flowering started

September (ILCA 129) with most accessions flowering in October (15) or November |
one cv, ILCA 7291, flowered in December and ILCA 7285 failed to flower. Most se
were produced from November to January. Anthracnose was present on all acce:
some showed only slight symptoms in the first year, but were destroyed completely i
second year (e.g. ILCA 11735). All accessions but ILCA 11771 retained over 60% o
leavesto the mid-dry season. Because of anthracnose intolerance, none of these ac
were used for further trials.

The eight accessions received from Florida established well; seven flowere
September and one in October (FP-GS-3); seed production was good fol
early-flowering accessions, ranging from 366(|IﬁP 6832) to 21 g/?r(FP-PC-Zl) but only
7 g/m2 for the late-flowering accession. Dry-season persistance was good, with al
accessions retaining more than 60% of their leaves for more than half of the dry se
Anthracnose disease was present on all accessions; incidence and severity were 10%
for the first season, but all accessions showed severe symptoms in the second ¢
reaching over 50% incidence and severity; this precluded their use in further trials.

RABAOQOC trial

Stylo CIAT 184 (ILCA 164) was outstanding throughout the trial period; althoL
anthracnose was recorded, it did not exceed 10% incidence or severity (Figure 4).
CIAT 10136 and Verano stylo also performed wellhaligh the former showed sever:
anthracnose symptoms during the first 12 weeks. The symptoms reached an inciden
severity of 50% but it subsequently recovered and anthracnose symptoms did not €
10% againS. hamataCIAT 147 did not perform as well as Verano whiecapitata, S.
macrocephalandS. sympodialigall grew poorlyS. capitatahad the best seed productiol
(Table 6). Ofthe 21 herbaceouslegumesin the Sigyianensi€IAT 184 ands. hamata
cv Verano performed best.

Multi-locational testing

S. humilisgrew poorly at Katsina, but persisted well in Maiduguri even in the presenc
weeds (1990 and 1991 vields§. scabragrew well at all sites when weeded during the fir
two years; it was overgrown by weeds at Bauchi. In Jos its performance was secon
to Macroptilium atropurpureuncyv Siratro, while it was the best accession in Makugdi.
hamatapersisted at all sites; even in the presence of weeds, it was one ofthe best acc
at Maiduguri and second ®. scabran Makurdi. S. hamataanked seventh at Jos while
at BauchiCentrosema brasilianuwere bestS. hamatagrew poorly when unweeded. At
Rano,S. hamatawas again one of the best accessions, along Mialcroptilium
atropurpureum(Table 7).
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a. Yields shown are the total for each plot and represent the sum of the two harvests (6 and 12 weeks)
dry season of 1990 and 1991, respectively, and four harvests (3, 6, 9 and 12 weeks) in the wet seaso!
and 1992, respectively.



Table 6. Seed production @tylosanthesccessions in RABAOC trial.

Accession Peak flowering Seeds (g/plant)

Early-flowering

S. macrocephaleCIAT 1281 August 7

S. hamataCIAT 147 September 2
S. hamatacv Verano September 3
S. sympodialisCIAT 1044 September 6

Late-flowering

S. capitataCIAT 10280 October 14
S. guianensiCIAT 184 October 7
S. guianensiCIAT 10136 November 1

Table 7. Dry-matteryields (kg/ha) of accessions used for multi-locational testing in northem Nig

S. hamatav Verano S. humilislLCA 7363 S. scabrdLCA 441
Site 1988 1989 1990 1991 1988 1989 1990 1991 1988 1989 1990 19
Makurdi 4345 8071 5739 3858  notplanted 9327 21825 5337 221
Jos 927 1425 3057 131 not planted 2594 11855 907 12
Bauchi 5102 2447 1890 747  notplanted 4441 2140 36
Rano 1050 1652 2636 697  notplanted  ~ not planted
Maiduguri 910 5927 2220 1577 722 4072 1613 1236 not planted
Katsina 98 1507 n/a nla 432 473 nla nla 431 3304 nl/a nl

n/a = not available.

Stylosanthes hamata cv Verano
Performance in sward (Stage 5)

A full report of the performance of Verano Stylo in these experiments can be four
Peters (1992). Application of SSP up to 300 kg/ha improved dry-matter yield and resis
to drought. In the fertilised plots, yields between over 2 t/ha and over 5 t/ha in compa
to lessthan 1.6 t/hain the unfertilised plots were achieved (Table Bpugh no additional
fertiliser was applied, the positive ppmse to P feiltser was still visible in the second
growing season (1990/91). Competition from the companion vegetation usually led
decline in legume growth; cutting the vegetation had no advantage over the non-we
treatment. The dry-matter yield in both years remained largely constant over the drys
but dry-matter yields in the second season were much lower than in the establishmet
(Table 8). Crude-protein contents decreased from 8.3% at the start of the dry sea
5.4% in the second half of the dry season (Table 9). Digestibili8; dlamataell from
about 45% to 40% and the stem had very low digestibility (35%). Digestibility. o
guianensidLCA 164 was lower thars. hamatavhen subjected to the same treatmen
Table 9). Despite dropping their leaves, Verano plants were able to survive the dry s
and about 25 perennating pIanté/were recorded (Table 8).



Table 8. Dry-matter yields (kg/lha) d8. hamatav Verano ands. guianensisL CA 164 in swards as
affected by management and three levels of superphosphate (SSP) fettilisation in the ea

late dry season.

S. hamatav Verano

1988-89 1989-90
Early dry SSP Late dry SSP Early dry SSP Late dry SSP
0 150 300 O 150 300 O 150 300 O 150 300
Weeded 138 207 191 0.72 115 149 183 251 194 0.78 1.16 1.8
Non-weeded 101 126 142 0.64 0.87 123 020 033 020 026 063 0.8
Cutl 087 110 133 071 092 106 038 0.24 033 044 058 0.61
Mean 1.09 148 155 069 098 126 080 1.03 082 049 0.79 1.0¢
S. guianensi_CA 164
Weed-free 160 3.89 481 127 261 471 106 140 128 053 0.71 1.1
Non-weeded 0.72 223 390 0.76 262 326 034 022 073 082 137 1.2
Cutl 066 243 531 066 305 406 033 035 086 043 064 0.7
Mean 099 285 467 090 276 4.01 058 0.66 096 059 091 1.02
Cut in the early wet season.
Table 9. Crude-protein (CP) concentrations aimdvitro dry-matter digestibility (IVDMD: whole plant

samples) o6. hamatandS. guianensig the early and late dry season.

S. hamatav Verano

Earlydry Late dry
CP (% of dry matter) 10.4 6.1
IVDMD (%) 50.8 48.2

S. guianensis ILCA 164
CP (% of dry matter) 8.3 5.4

IVDMD (%) 45.1 39.8

Performance under grazing (Stage 6)

Verano stylo performed well in the grazing trial; although in the establishment ye
yielded below the other two accessions, it was the best in subsequent years. Pastul
at the beginning of the first dry season was 2.4 t/ha (72% legume) and this fell to 0.7.
(58% legume) at the end of the grazing period. At the end of the second wet se
productivity of the pasture was 5.15 t/ha (58% legume) falling to 0.64 t/ha after gra
Heifers on Verano pasture during the dry season lost less weight than those on n
pasture, particularlyin the second season when animals on natural pasture lost almos

as much weight as those on Verano.



Small plot grazing trial (Stage 7)

Verano yielded belowthe other test®tylosantheaccessions. However, it was well graze
with about half the legume being eaten during the first grazing period and well over !
in subsequent grazing periods. There was little regrowth in the dry season after the g
in December.

Seed multiplication (Stage 8)

Weeding was necessary to obtain good yields of high-quality (pure) seeds of Ve
manual weeding and herbicide application (Trifluralin, Imazethapyr a
Bentazon/Cycloxidim mixtures) gave good results and the timing of this was flex
(Kachelriess and Tarawali, pp. 287-297). Yields of up to 500 kg/ha pure seeds
obtained with weeding, as opposed to dri® kg/ha wihout weeding.

Discussion

Mohamed-Saleem and Otsyina (1984) indicated &hatapitatamay be promising for the
subhumid environment; subsequently it was found that nodulation is poor (Tening
pp. 113-122). The later evaluations showed Shejuianensi€IAT 136 and 184 (ILCA
163 and 164) grew well, &lbugh ILCA 164 was superior and therefore used in furth
trials. These accessions were also promising in Cote d’lvoire in terms of yield (up to 1.
per annum from two harvests) and anthracnose resistance (Buxant and Kb@@ghén
the RABAOC trial, ILCA 164 was outstanding in both wet and dry seasons and also pr
the best in the small plot grazing trial.

In the 1988 evaluation$,. guianensitLCA 15557 was the most promising due to it
outstanding anthracnose resistance in the preliminary observation trials; it was thet
maintained in subsequent trials (Figure 4). Out ofS8hkamatanaterial from CSIRO, all
selections used in the Stage 3 trial came from Venezuela, with ILCA 15876 as the
promising.

Despite being considered anthracnose-resistant in EthiSpiguianensisnaterial
introduced in 1990 was highly susceptible in the Nigerian subhumid zone. This indi
that it is necessary to test accessions on several sites rather than selecting them
from the genebank and that several accessions showed promise in the first year bt
on succumbed. It is therefore risky to draw conclusions about disease resistance to
in a screening programme.

The RABAOC trial showed th&. hamatav Verano can perform very well, as it di
in the multi-locational trials, probably due to good regeneration from seeds and
perennating plants. Yields of Verano reported in the grazing trial (Stage 6) are simil
those reported in Cote d'lvoire (Cesar and Dulieu, 1987) and northern Nigeria (She
al, 1979).

In Cote d'lvoire the performance of varioftylosantheaccessions has been reporte
(Messager and Samson, 198%); hamataand S. humilisbehaved as annuals ai&d
guianensisaccessions were susceptible to anthracnose although cvs Cook and Ende
tolerated the disease better than cv Schofield. In Serfegagmatacv Verano ands.
scabracv Seca grew well (Roberge and Diop, 1982), $uguianensisvas destroyed by
anthracnose (Pichon et 4B81).

In contrast to the few accessions tested throughout West A233aStylosanthes
accessions, covering eight different species have been evaluated at Kaduna, some r
proved as good or better th& hamatacv Verano. Out of these, two accession$Sof
guianensis(ILCA 164 and 15557) and one &. hamata(IlLCA 15876) are the most
promising. Seeds of these accessions are currently being multiplied at Kaduna to ¢



further testing and distribution. Also, tBescabrdILCA 11247) mayalso be worth further
investigation.

Given the diversity ofStylosanthesaccessions, it may be worthwhile to conside
“mixed-accession pastures” to exploit the various advantages of accession combinz
For exampleS. hamataccessions that do not yield well in the first year can be combi
with anS. guianensiaccession with good yield in the first season.
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Abstract

An evaluation of the adaptability and productivity of several accessioB¢ylisanthes
specieswas carried out at the Animal Research Station in Wakwa on the Adamawa P|
Cameroon. Before the field study a germination trial was conducted on seeds of
accession. The field study included three yield assessments: (i) seed productio
cumulative yield from cuts at 60-day intervals during the wet season and (iii) uninterru
growth at the end of the following dry season. Yields of 394 kg/ha, 357 kg/ha and 256
of seed were recorded f@. guianensi=AO 46004, FAO 46482 and FAO 46484
respectivelyS. guianensi&AO 46004 also ranked first for productivity with 5.1t DM/h
while S. guianensiBAO 46497 gave a biomass production of 5.3t DM/ha at the end of
dry season.

Evaluation de certaines acquisitions et variétés de
Stylosanthes introduites sur le plateau
de ’'Adamaoua au Cameroun

Résumé

L’'adaptahlité et la productivité de plusieurs acquisitions 8&jlosanthesont été
évaluées a la station de recherche zootechnique de Wakwa sur le plateau de 'Adar
(Cameroun). Précédée d'un essai de germination des semences, l'étude en milie
comportait trois volets, a savoir 1) la production de semences; 2) I'évaluation de la produ
cumulée de coupes effectuées a 60 jours d'intervalle pendant la saison humide;
I'évaluation de la croissance jusqu’a la fin de la saison humide suivante. Les acquisi
FAO 46004, FAO 46482 et FAO 464843lgyuianensient produit respectivement 394, 35
et 256 kg de semences par hectare. Rigauas, 'acquisition FAO46004 deS. guianensis
venait en téte pour la productivité avec une production de 5,1 t de MS/ha tandis que
46497 également d& guianensiavait produit 5,3 t de MS/ha a la fin de la saison séche

Introduction

The alternation of dry and rainy seasons in the savannah region of West Africa has ¢
impact on the productivity of rangelands. During the rainy season, range plants gro
and although their quality may be adequate earlyin the season, they mature rapidly



resulting decline in nutritive value (Pamo and Pieper, 198gublished). This constrains
the productivity of ruminant livestock that depend mainly on rangelands.

Pastoralists try to overcome this shortage of quality feed by practising nomadisn
transhumance. However, these strategies are inadequate as cattle $6#R3% of their
body weight during the dry season (Otchere, 1986; Mani et al, pp. 155-165), milk yields ar
calf mortalityis high and manycows are unable to conceive because of nutritional anoe

Legumes are desirable componentsin pasture where soil nitrogen is limiting and
is a need to increase crude-protein levels in herbage for dry-season grazing. A re:
programme was initiated at the Wakwa Animal Research Station in 1976 to identify lec
species adapted to the Adamawa region to improve the quality and productivity of ne
pastures. This paper presents some preliminary results obtained from the introduct
different Stylosantheaccessions between 1981 and 1983.

Materials and methods

The studywas conducted at Wakwa Research Station situated about 8 km from Ngou
the Adamawa provincial capital, at about 1200 m above sea level. The long-term |
annual rainfall of the region 700 mm (Pamo and Yonkeu, 1986). The rainy season I:
for about seven months (April-October) with a rainfall peak during August and Septen

The experimental site has a dark basaltic soil with pH of 5.4, organic—matter cor
of 4.9%, total nitrogen of 2.3% and an adequate amount of available phosphorus (9:
accordingto Olsen et al, 1954), but with low cation exchange capacity (Yonkeu et al, 1

The various accessions and speciesStflosanthedested came from different
international organisations (Office de la recherche scientifique et technique outre
(ORSTOM), Centro Internacional de Agricultura Tropical (CIAT), FAO etc). Befo
field seeding, an indoor germination trial was carried out on all accessions in 1980.
hundred seeds of each cultivar were selected and divided into two halves. One ha
treated by dipping in hot water (60°C) for three to five minutes. Treated and untre
seeds were further divided into two replicates of 50 seeds each. The seeds were sc
in petri-dishes with wet blotting paper and covered with lids. Every morning for 10 d
germinated seeds were recorded and removed. At the end of this period, the perc
of germinated seeds from treated and untreated seeds was calculated.

Each accession was grown on a 12 x 7.5 m main plot divided in three subplots
and C) with two replicates of 3 x 3 m for the evaluation of seed and forage production
following were performed in the three subplots:

e In subplot A, cumulative yield was measured during the rainy season by cutting ¢

60 days.

- Insubplot B at the end of the dry season, biomass was cut and weighed, and effe
diseases, parasites and predators were assessed.
» Insubplot C, seed yield and phenological events were recorded.

Forage was cut at about 15 cm above ground level and weighed immedica@0/gA
sample was oven-dried for dry-matter determination. At maturity, seeds w
hand-harvested in a known surface area, cleaned and weighed.

Results and discussion

Germination

The best germination rates were recorded with treated seeds (Table 1). Treated S
46004 recorded a 98% germination rate while untreated Stylo 46498 ranked first w

1. Allaccessions are referred to by their FAO numbers; Stffogsiianensis.



germination rate of 44%. Untreated Stylos 46492, 46489Sarthmatad6007 recorded
the poorest germination rate (1%). These results are in agreement with previous
(Skerman, 1977). Accessions FAO 46502 and 46572 did not perform well even \
treated; this may have been due to poor-quality seed since in the field t4&b@2
performed relatively well.

Seed yield

High seed yield is an important attribute of success because it has an impact on the
commercial seed and on soil seed reserves for recruitment of new seedlings in pa
Due to variable growth rates, some accessions had good potential for seed pro8tydtior
46004, 46482 and 46484 ranked highest with 394 kg, 357 kg and 256 kg/ha of
respectively, while cv 46489, 46500 and 46492 show promisehanudicsbe kept under close
observation (Table 1). These results are better than those obtained in Zaire by Riso|
(1966) or in Queensland where seed yields reached 330 kg/ha (Gilchrist, 1967). Ske
(1977) reported an avera§aylosantheseed production of between 90 and 100 ké/ha.

Table 1. Seed yield and germination percentage of treated and untreated seed of FAO access

Stylosanthes.
Germination(%) Seed yield
Accessions Treated Untreated (kg/ha)
46004 98 5 394
46482 83 2 357
46484 73 10 256
46489 53 1 162
46500 80 4 148
46492 83 1 107
46499 80 2 99
46491 63 6 98
46498 96 44 52
46481 83 2 -
46493 76 10 -
46497 31 5 -
46502 2 8 -
46495 - 5 -
S. capitatad6009 69 2 80
S. subserici@6512 1 5 51
S. hamatat6009 - - 80
46007 - 1 21

Seed production of the oth&tylosanthespecies was much lower than for styl
accessions. Yields & hamatavere surprisingly low in view of the high yields reported t
Agishi (pp. 275-285).

Forage production

The rainy season forage production of the different stylo cultivars was highly vari
(Table 2) Stylosanthes guianendi6004 was best followed by 46482 and 46493. These yie
are in agreement with some studies cited by Skerman (1977), but are lower than tr
DM/ha of DM recorded by Gilchrist (1967) in Queensland and the 19-20t DM/ha obta

2. Seed yields are comparable to those reported by Kachelries and Tarawali (pp. 291-301), but muc
than the yields summarised by Agishiin Table 2 (p. 286).



Table 2. Wet- and dry-season yields (t DM/ha)St§losanthes guainensiscessions overthree years

1981-83.
1981 1982 1983 Mean
Accession et Dry Wet Dry Wet Dry Wet Dry
46004 4.62 - 4.28 4.08 6.26 1.19 5.01 -
46482 3.05 5.50 5.40 4.76 5.71 2.70 4.70 4.32
46484 2.61 11.38 2.77 7.36 6.48 1.65 3.96 6.80
46489 3.85 5.20 1.75 2.86 5.62 1.39 3.74 3.15
46481 0.63 - 3.67 6.01 6.46 1.48 3.59 -
46491 1.97 5.36 3.50 0.49 3.68 0.75 3.05 2.20
46498 2.28 4.09 2.77 4.68 3.93 1.37 2.99 3.38
46497 212 6.58 3.17 6.17 3.54 3.24 2.94 5.33
46503 1.36 - 2.33 - 2.35 - 2.01 -
46499 3.00 - 2.21 - - - - -
46500 - - 5.80 2.41 491 1.27 - -
46502 - - - 0.85 - 0.71 - -
46493 - 531 - 3.56 - 1.93 - 3.60

by Pamo and Yonkeu (1989) in the Faro lowlands of the Adamawa plateau. Neverth
these yields appear promising especially as no phosphoriliséewas applied.

The othelStylosanthespeciesifamata, capitatandfructicosg also showed variable
results and yielded less than most of the stylo cultivars both during the rainy and th
seasons (Table 3). The general decline in forage production in 1983 was due to the
dry season. No specific disease, parasite or predator effects were recorded.

Table 3. Wet- and dry-season yields of accessiorts chpitata$S. fruticosaandS. hamataver three
years, 1981-83.

1981 1982 1983 Mean
Accession Wet Dry Wet Dry Wet Dry Wet Dry
S. capitata
46009a 1.08 2.64 0.90 2.56 1.18 0.65 1.06 1.92
460096 1.08 2.43 0.90 2.56 3.21 1.23 1.37 2.07
S. fruticosd - - 3.62 1.42 3.38 1.81 - -
S. hamata 2.03 1.62 1.24 1.63
1. FAO 46477.
2. FAO 46007.

Evaluating Stylo cultivars on three major attributes — seed, wet-season yield u
cutting and end of dry season yields over a three-year period — appears sound (Ta
This evaluation identified three cultivars (46482, 46484, 46004) that excelled ir
attributes, whereas others performed poorly when cut, but yielded better in the dry s
(e.g. 46489, 46497). Some other cultivars (46406, 46493, 46500) showed promise b



not undergo the entire screening procedure. Other attributes such as persistence
added; the best cultivars persisted well, while others (46406, 46491) showvexd
dry-season performance. Appraisal by attributes may be useful when recomme
mixtures. Thisis particularlyimportant when year-round use is envisaged including gra
cut and carry in the wet season and hay-making for the dry season. If a final attribut
anthracnose tolerance were added, mixtures could be “balanced” for risk-spreading

Table 4. Production scores of the six most promisthguianensiaccessions.

Rainy season Dry season
Seed production production production
FAQ accession (IQI](/EFII%) Score Z;ﬁlg) Score (IQI](/EFII%) Score -sr((:)é?é
46482 357 5 4.70 5 4.32 5 15
46484 256 4 3.95 4 6.80 6 14
46004 394 6 5.05 6 1.76 2 14
46489 162 3 3.74 3 3.15 4 10
46491 98 1 3.05 1 2.20 3
46500 148 2 3.57 2 1.22 1

This preliminary evaluation has clearly shown the adaptability and high potentia
stylo production in the Adamawa region for improved pastures. The environme
conditions of this area appear favourable for high forage yields. However, more res
is needed to identify the best agronomic practices and management techniquesto in
and sustain these yields. Few other speci&yddsanthesere included in the evaluation
hence screening and evaluation of a broader range of legumes is recommended.
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Abstract

Detailed investigations were carried out in 1977 on the plapulation biology ofS.
hamatapastures at the National Animal Production Research Institute (NAPRI) rese
station near Zaria in Nigeria. Population densities were monitored in pastures aged
three years from germination to the end of the growing season. Effects of the tem
density changes on seedling mortality, plant growth and flowering behaviour are rep
in this paper.

In all pastures seed stocks were high giving initial seedling densities of 300-1(
plants/n? and producing final yields of 4-8 t DM/ha. Due to this good initial establishme
competition from volunteer vegetation was low and final yields contained 60-809%
legume. These results confirm tHathamatacan retain long-term productivity providec
a large seed poolis kept intact across growing seasons.

Dynamique de la population et production des
parcours de Stylosanthes hamata cv. Verano dans le
nord du Nigéria

Résumé

L a biologie des plantes des parcourS.chamata été minutieusement étudiée en 19°
a la station de recherche du National Animal Production Research Institute (NAPRI)
de Zaria (Nigéria). La densité des plantes sur des parcours établis depuis un a trois an:
régulierement enregistrée de la germination a la fin de la saison de croissance. L 'effe
variations de la densité au cours du temps surla mortalité des plants, la croissance desj
et les caractéristigues de la floraison est décrit.

L e stock semencier était important sur tous les parcours, avec des densités initia
plants de 300 a 10 000 piedszlrat des chiffres de production finale de 4 a 8 t de MS/I
Compte tenu de cette bonne occupation initiale, la proportion de plantes adventices était
et la production finale contenait 60 a 80% de lIégumineuses. Ces résultats montrént
hamatapeut demeurer productif pendant longtemps a condition de disposer d’'un bon -
semencier d'une saison de croissance a l'autre.

Introduction

Understanding the population dynamicsSiflosanthespecies in mixed grass—legum
pastures is a necessary prerequisite for designing effective methods of establishme



developing biologically sound management strategies aimed at sustainable long-term
with high legume content. In Katherine (Australia) research over a 10-year period sh
that differences in performance among several stylo species in response to diff
stocking rates and phosphorus (P)-fiser applications were related to the aumt of
seed in the soil (Mott et al, 1989; Winter et al, 1989a; 1989b). This research
demonstrated that the superior yield performanc®. bamatav Verano was due mainly
to its consistently large seed pool.

In the subhumid zone of Nigeria high seed and seedling densities in fodder banks
closely associated with successful establishment and satisfactory production leve
periods of up to five years. Suitable establishment techniques (late burning, pre- an
emergence heavy grazing) combined to achieve seedling densities of 120-140 plant:
perennial stylo cv Cook (Mohamed-Saleem, 1986: 337). These studies also indicate
Cook stylo was ousted by Verano stylo over time; although anthracnose attacks ma
played arole, seedling densities of Verano were five to eight times as high as those of
(260 vs 42/rﬁ, Mohamed-Saleem, 1986: 348). Likewise, in productive fodder banks ¢
reserves of Cook stylo varied from 80-800 see%la[sncompared to 1500-2600 seeds/r
in Verano (Mohamed-Saleem, 1986: 348). In older fodder banks (two to four ye
recorded seed stocks ranged from 650—-3000 séedfmtotal biomass yields of 4.2—-7.2 1
DM/ha containing 50-70% legume herbage (Mohamed-Saleem, 1986: 326—350). T
seed stocks are similar to those reported by Mott et al (1989: 1238) and like in Ni
produced legume vields of 2—4 t DM/ha.

In Shika (NAPRI) the population biology &. humilisandS. hamatavas studied in
detail during the 1977 growing season. This research was undertaken because dur
early1970§. humilisvas extensively evaluated for improvement of communal rangelat
This evaluation included studies on establishment (tilage methods, ant cont
competitive ability, yield performance and nutritive value (de Led9%4; de Leeuw and
Brinckman, 1974). Whe®s. hamatacv Verano was shipped from Queensland to Shi
(Agishi, 1982), its superiority oves. humilisvas rapidlyrecognised prompting comparati
studies (Roeleveld, 1978).

Roeleveld (1978) compared germination and establishment of both species i
laboratory and in pots confirming similar growth performance. However, field tr
demonstrated the superiority 8f hamatadue to higher seedling survival, more flexibl
flowering behaviour and higher seed yields. This paper deals with the population dyn:
of three differently age®. hamatgastures to further demonstrate whyhamatahas
performed well in many different circumstances from fodder banks to intercropping
millet in Niger (Garba and Renart92) and maize and sorghum in Nigeria (Tarawali
al, pp. 81-95).

Results

Effect of sowing date on first-year establishment and yield

Stylo pods were sown on five dates during the 1977 growing season in small plots
1.8 m) in four replicates. Sowing was done after sufficient rain had fallen to wet the
surface. Rainfall during the week after each sowing varied from 27 to 45 mm (Tabl
Treated pods (soaked in warm water (75°C) for five minutes) were broadcast after st
hand cultivation at an equivalent of 12 kg/ha or about 270 p8d§eedling density,
flowering behaviour and plant cover were monitored throughout the growing season

Initial plant density varied from 37 to 134 seedlin&tmd was influenced by both
total rainfall and number of rainy days following seeding. The highest densities occtL
at the last date when 37 mm fell during the night before sowing. Seedling mortality
high in the earlier sowings due to a dry spellin early July. Due to good rains in August |
mortality was observed in populations from the last two sowing dates. A similar trer



plant density was apparent at the end of the growing season in that differences be
maximum and final plant density declined with later sowings (Table 1). Initial germina
percentages ranged from 14 to 50%; for the last sowing maximum germination per
reached 59% of pods sown.

Table 1. Effect of sowing date on plant density of Verano stylo in the establishment year.

Sowing Rain® Plants/nf +

date (mm) Initial Maximurr? Finaf
31 May 41(3) 75 109 44
6 June 27(1) 37 83 49
14 June 32(4) 48 87 80
24 June 31(7) 130 130 94
19 July 47(3) 134 159 153

1. After initial germination wave, one week after sowing.

2. In mid-August, when seedling densities stabilised.

3. On 18 October, when final yields were determined.

4. Rainfall during the week of the initial germination; the number of rainy days in brackets.

After seeding, plant cover developed rapidly to 40% within the first 30—40 days ar
almost complete cover at the end of the season for all but the first sowing (Figure 1).
and stylo yields for the first four sowings were not significantly different with legu
percentages amounting 66—71%. Despite a growing season of only 90 days both s
and volunteer weed yields were highest in stands sown on 19 July (Table 2). The plo
were sown early had volunteer vegetation consisting mainly of annual grasses in co

Figure 1. Evolution of total plant cover during the first season for five sowingﬂ&lesferano stylo.
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Table 2. Effect of sowing date on final yield of Verano stylo in the establishment year (t DM/ha).

Sowing date Stylo Weeds Total Stylo (%)
31 May 3.75 1.87 5.62 (67)

6 June 4.45 1.89 6.34 (70)
14 June 441 1.37 5.78 (76)
24 June 3.87 1.54 5.41 (72)
19 July 4.86 2.36 7.23 (67)

1. Only stylo and total yields of the 5th sowing (19 July) were significantly different from those in earlier sov

to forbs which dominated in the plots sown later. Age at first flowering decreased f
about 60 days in plants sown in early June to 45 days in stylo established in mid-July.
final plant populations increased with delayed sowing and end of season yields dif
little (Tables 1 and 2), plant weight declined from 8.5-9.0 g for the first two sowing d
to 3 g per plant for the last sowing date, representing plant ages of 123-130 and 90 ¢
growth, respectively.

Establishment and yield in a second-year Verano stylo

Seedling development, plant cover and final yield were also monitored in second
Verano stylo stands. In 1976 Verano stylo was sown in rows after thorough see
cultivation and an application of 375 kg/ha of single sppesphate. During the first
growing season plots were weeded twice to facilitate seed harvesting in the followin
season. In May 1977, all standing herbage was removed before monitoring started.

Seedling emergence began after 17 mm of rain fell on 30—-31 May 1977. Two W
later a dense sward of Verano had developed with seedling densities ranging from 4
13 500 plantsh%(mean: 10 300). Fifty days later (on 22 July) the original seedl
population had declined by 30% YdOO/n?, but new germination waves added anoth:
2200 plants/r% thereby retaining densities close to the maximum reached earlier.
mid-November, about one month after the end of the rains, the population had de
to 4800 plantsh%

Total plant cover developed rapidly reaching 50% within six days in the most der
populated patches of the sward (Table 3) and remainB2-&6% green cover up to 22
July despite the doubling of the seedling population. During the first 15 days the r
between number of seedlings and plant cover remained constant, with 1000 f
occupying about 340 cmof space. In late July plant:space ratios diverged from 7
cm?/1000 plants at the low density to 450%at the high density. Cover of voluntee
vegetation remained low indicating that although sufficient bare ground was avail
(32—65% in late July), moisture competition from the dense stylo patches may
prevented establishment of weeds.

Table 3. Relationship between seedling density, stylo and weed cover in the establishment pha
second-year Verano stylo stand during the first 60 days of grovit®izin

6 June 15 June 22 July
Densit;}L Seedling cover (%)
class (000/m?) Stylo Weeds (000/f) Stylo Weeds (000/f) Stylo Weeds
1 2.5 13 3 4.5 15 3 34 25 10
2 4.2 27 1 8.3 29 2 8.1 43 6
3 57 54 1 13.5 52 2 12.4 56 12

1. To account for stand heterogeneity, sample plots were stratified in three density classes.



At 85 days of age stylo yielded 1.6 t DM/ha, equivalent to a daily growth rate of 1
DM/ha. Over the following two months, from late August, this rate increased to 9«
DM/ha per day showing a maximum standing stylo crop of 7.2 t DM/ha on 27 Octc
Due to leaf and seed fall, yield dropped by 20% to 5.7 t in mid-November.

Stand density remained high throughout the growing sealimig faom 6100 plants
in early August to 4800 pIants?n'n mid-November. Given an available space of about (
e’ per plant, most plants remained single-stemmed and expanded vertically rathe
laterally. In mid-September 40% of the plants were <10 cm tall while only 30% were
20 cm in height. Plant weight remained low increasing from 0.1 g/plant in mid-Septer
to 0.2 g at maximum legume yield in late October.

Establishment and yield in third-year Verano stylo

In 1975 a small grass pasture (0.2 ha) was converted to Verano stylo for seed prodi
The area was hand-hoed in May and stylo was sown in rows at a seed rate of 6 kg c
per hectare; 100 kg of single supbosphate was applied. I'975 the area was weede
twice but not thereafter. Seed was harvested in the dry seasons of 1975 and 1¢
December 1976 all stylo plants had died and all litter was removed after seed harve:

Germination started on 1 June 1977 and within 10 days seedling density rose tc
pIants/n%. Although plant density declined by 20% during July, surviving stylo plal
expanded rapidly tripling their cover within a 65-day period and covering about half
available space (Table 4). As in the two-year-old stand, competition from volunteer
and weeds was limited and up to the end of July 80% of the green cover consisted ¢
(Table 4).

Table 4. Relationships between plant density and plant cover in a third-year Verano stylo stand
the establishment phase.

10 15 3 18 22
Parameters June June July July July
Stylo density ('000/rf) 3.8 3.6 4.0 3.2 3.1
Stylo cover (crf’1000 plants) 390 720 1050 1120 450
Plant cover (%)
Stylo 15 26 42 36 45
Grasses and herbs 3 4 8 9 12
Dry litter 22 14 7 7 2
(Bare ground) (62) (57) (49) (46) (42)

1. Calculated from stylo density and cover per cent.

Later in the growing season, plant density dropped rapidI)Bﬁﬁ)/n? at the end of
August and to 1270/fron 19 September. At those dates dry stylo yields were 1.85 t/ha
3.81 t/ha, respectively. These yields converted to an average plant weight of 0.1 g a
g DM, respectively. Most plants were single-stemmed; in late August, 60% were less
20 cm tall and only 7% were flowering. Three weeks later half of the plants were ove
cm tall and the flowering fraction reached 19% (Figure 2), indicating that despite the
average weight, the taller plants managed to flower.

Growth rates resembled that of the dense two-year stands: from 20 kg DM/ha pe
during the first three months, but accelerating to 70 kg DM/ha per day during the la
days. In early October stylo yield reached 4.7 t DM/ha. Competition from grassesrem
low and legume content in the total biomass remained fairly constant at 70-75%.



Figure 2. Distribution of plant height (cm) in flowering and non-flowering stylo plants on two date
a 3-year-old stand.
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Discussion

In the establishment year neither date of planting nor seedling density had much eff
final legume yields (Tables 1 and 2), indicating tBathamatds extremely flexible, can

adapt to variable lengths of growing season and fill available space through plant expa
Apparently, 90 days of growth was sufficient to produce 5t DM/ha and explained its su
in the semi-arid zone in Niger where in good rainfall years, it flowers, sets seed an
produce up to 16 t DM/ha (Garba and Renard, 1992).

In older pastures, surprisingly high plant densities were retained up to the end c
growing season, demonstrating that seedlings can survive high between-plant comp
throughout the growing season and cope well with the invasion of other species (Ta
and 4). Despite low plant weight, a proportion of plants managed to flower (Figure
However, whether seed was produced is not certain. Given the satisfactory yields at



high densities, the negative relationship between plant density and Verano content
total yield as reported by Gardener (1984:338) wasawid.

The maintenance of high plant densitymayhave been related to the absence ofg
The beneficial effects of grazing during the growing season have been widely reporte
Agishi, 1982; Mott et al, 1989) and are usually attributed to reducing the competition
aggressive volunteer grasses. Following preferential grazing, longer-term effects of gt
may cause changesin the seed pool. Patch grazing of Verano mayincrease diversityi
size promoting greater seed yields than in more homogenous high-density populs
However, while Mott et al (1989) showed increased number of Verano plants and h
yields in grazed patches, seed stocks were also adequate in ungrazed patches (
5200/n?) and unlikely to impede subsequent regeneration. Yield stability may be fur
enhanced bythe survival of larger plantsinto the next growing season, which did not he
in the homogenous dense stands reported here.

Due to lowleaf:stem ratios, dense stands of Verano are unlikelyto produce high-
dry season feed for livestock. It can thus be concluded that while this research show
high vigour and adaptability of Verano stylo, for sustained productivity, sward manipula
by grazing during the growth period should be an essential component of overall fc
bank and ley pasture management.
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Abstract

During the 1980s, the management and nutrient requireme8tglo$anthem pasture
and cropping systems were investigated at several ILCA research sites in northerr
While Stylosanthes guianensiy Cook and cv Schofield responded to phosphoru
Stylosanthes hamatay Verano did so to a lesser extent. Results from nutrient on
trials showed that the soils of one specific experimental area were deficient in mo:
essential nutrients. Application &&nwa(a local mineral salt) of up to 100 kg/ha on
and newly established Verano stylo increased dry mater (DM) yield significantly.
growth ofStylosanthes capitat&as associated with low pH and calcium, but high lev
organic carbon and total nitrogen (N) in the top soil. On sites with indurated or
drained subsoils, disc-harrowing followed by sub-soiling lowered bulk density and int
water storage as compared to ridging or no second tillage; it also resulted in a hig
yield of Verano stylo.

Revue des recherches sur la gestion et les besoins
en éléments nutritifs du  Stylosanthes dans les
parcours et les systémes agraires dans la zone

subhumide du Nigéria

Résumé

Au cours des années 80, la gestion et les besoins en éléments nutBtiffodanthe
ont été étudiés dans les parcours et les systéemes culturaux sur plusieurs sites de rec
CIPEA dans le nord du Nigéria. L'application de phosphore avait un effet signific:
Stylosanthes guianengis. Cook et cv. Schofield mais peu dinfluenceSunamateacy
Verano. Il ressort des résultats des essais d'omission d’éléments nutritifs que la plt
éléments essentiels manquaient dans les sols d’'une région donnée. L 'applicdtaomnd
un sel minéral local, a une dose inférieure ou égale a 100 kg/ha sur des parcours d
installés récemment ou depuis longtemps augmentait significativement la produ
matiére seché&tylosanthes capitataoissait bien lorsque le pH etla teneuren calcium é
faibles et les niveaux de carbone organique et d’azote total élevés dans I'horizon sup
sol. Surles sites au sous-solinduré ou mal drainé, un hersage suivid'un sous-solage p



parrapport a un billonnage ou a un seul labour, de réduire la densité apparente et d'acci
la capacité de rétention d’eau; par ailleurs, cela augmentait la production de matiére s
du Verano.

Introduction

The subhumid zone in Nigeria covers an area of 455 06pHas an annual rainfall ranging
from 1000 to 1500 mm and a crop growing season of 180-270 days (Nord, 1982). I
zone, low abundance of indigenous legumes and the rapid decline in the quality of 1
grasses when approaching maturity contribute directly to low livestock productivity.
overcome dry season feed constraitylosanthespecies were introduced to improw
fodder quality and quantity. However, forage yields are often lower than those obtain
northern Australia where similar climatic conditions prevail. This poor performanc
mainly caused by the low fertility anmbor physical characteristics of the predominant so
(Mohamed-Saleem and von Kaufmann, 1986). For instance, several soil types in the
tend to form hard surface crusts after the first rains, preventing penetration of wate
seedling emergence. Most soils contain clays with a predominantly kaolinitic structure
are moderately acid, low in organic matter and cation exchange capacity (CEC
deficient in nitrogen (N) and phosphorus (P) (Kadel®¥,8; Lombin, 1979). In settled
agricultural systems, soil fertility declines rapidly following contbus cultivation (Wild,
1971; Heathcote, 1972; Lombin et al, 1985).

The soils of the Nigeria's subhumid zone are predominantly developed over pz
materials of the Pre-cambrian Basement Complex. The major soil groups inc
ferruginous tropical soils (or Luvisols) covering about 50% of the zone. These soils
characterised by a sandy surface horizon overlying a somewhat indurated or poorly di
layer of weakly structured clay accumulation. They have a very low CEC, but a relat
high base saturation and pH. Though rated by FA@B®) as relatively highly fertile, these
soils are sensitive to erosion and have a low water-holding capacity. Ferralsols, occL
much of the rest of the subhumid zone, are deep and strongly weathered with a f
consistency. They have a low CEC, low pH and low nutrient content, but because of
resistance to erosion and good physical properties they are suitable for a wide rai
crops.

Lithosols, mainly located in the north and central parts of the zone, are sha
moderately leached with low organic matter, low CEC and low moisture storage cap
Vertisols are found mainly in the eastern part of the zone; they crack deeply wher
become waterlogged when moist and are of medium productivity, despite being gen
high in nutrients. Alluvial soils are mostly found along the Niger and Benue rivers; t
show accumulation of organic matter, are often flooded or waterlogged during the
and suitable mainly for the growing of rice.

Phosphorus and sulphur (S) are considered the most deficient minerals throu
the zone. Deficiency of potassium (K), as a result of intensive cropping, may becon
important factor limiting crop and forage yields (Heathcote, 1972). Calcium (Ca) level
relatively high in contrast to magnesium (Mg) which is often deficient (Lombin, 1979)
most of the subhumid zone, soils are high in iron (Fe) and manganese (Mn), but def
in copper (Cu) and to a lesser extent zinc (Zn) (Mohamed-Saleem and O18¢rip,

Materials and methods

Experimental sites

Most of the trials were conducted on ILCA’s main research site located at Kurmin
(Latitude 1818N, Longitude ?19°E). This site is characterised by a mean annual rain
of about 1200 mm, fing from Mayto October with a single peak in July—August (Taraw.



et al, pp. 81-95). The physical and chemical properties of the respective trial sites are
in Table 1. Other trials were conducted at Abet (9°40N, 8°10E) and Ganawuri (9°
8°35'E) with climatic conditions similar to those at Kurmin biri, but located on differe
soil types.

Table 1. Some chemical and physical properties of soils on experimental sites.

Trials
Parameters pt NCt KAN?® T™M1 CAP? KAN®
pH (H20) 5.2 5.2 5.4 6.3 5.3 5.4
Organic C (%) 0.58 0.58 - 1.48 0.21 -
Total N (%) 0.07 0.07 0.08 0.11 0.09 0.10
Available P (ppm) 3.9 3.9 4.5 14 18 3.9
Ca (meq/100g) 1.12 1.12 1.12 - - 0.91
Mg (meq/100g) 0.37 0.37 - - - -
K (meqg/100g) 0.13 0.13 0.16 - 0.13 0.28
CEC (meq/100) - - - 3.6 - -

1 = Kurmin Biri; 2 = Abet; 3 = Ganawuri.

P — Phosphorus trials (Mohamed-Saleem and von Kaufni®a6).

NC — Nutrient changes trials (Mohamed-Saleem et al, 1986).

KAN — Kanwaas fertiliser (Mohamed-Saleem and Otsyih@g7).

TM — Tillage mehods (Adeoye and Mohamed-Sale€r90); 8% clay, 6% silt, 82% sand, 2% gravel.
CAP — Special nutrient requirementsSfcapitata

Phosphorus trials

On-farm trials withStylosanthesntercropped with cereals and sown on fallow lanc
identified P as the most limiting element. Phosphorus response trials were ther
carried out in 1981 and 1982. A factorial design with three legugagi{anensisv Cook
and cv Schofield an8. hamatacv Verano) and four levels of phosphorus (0, 40, 80 a
120 kg P0Os/ha) were established. Basal K, Zn, Mg and Ca were applied to all plots ir
first year at 80, 5, 20 and 20 kg/ha (as muriate of potash, ZnN8G504 and CaSQ,
respectively). Scarified seeds of stylo cultivars (12 kg/ha) were broadcast. Plots were
weed-free during the first two months of growth to encourage adequate stylo cover. Y
were recorded each year by cutting at ground level in November and, to reduce te
attack, all standing herbage (thus excluding fallen leaves, seeds and other litter
removed. Composite soil samples at 0-15 cm depth were taken from each plot at h
and analysed for pH, total N, organic carbon, P and K (Table 1). Dry plant sam
composited by treatment, were analysed for crude protein and P content. Starting
1990, further work on the rpense of Verano stylo and, a companion legud@mtrosema
pascuorunto P application (0, 20, 40, 60 and 80 kg P/ha) was carried out on a Ferric Lu
at the same site ( A. A. Tenning, unpublished).

Other soil nutrients

Stunted growth and foliar symptoms of Verano stylo were suspected to result fromm
and micro-nutrient deficiencies. Thus, field experiments were carried in 1983 to eva
the performance of this cultivar in response to nutrient application. In the first se
experiments, responses were measured to the omission of all or one specific nutrie
time from the mixture made up of all nutrients (P, K, S, Ca, Mg, boron (B), Cu, molybde
(Mo), Zn and cobalt (Co); see Table 2). Scarified seeds were broadcast at the rate
kg/ha. The experimental design was a randomised complete block.



The second experiment determined P and Cu requirements of Verano stylo, ider
as the most deficient nutrients in the first experiment. Four levelsOaf(P, 30, 60 and 90
kg/ha) and three levels of Cu (0, 3.0 and 6.0 kg/ha) were laid out in a factorial design. E
for P and Cu, all plots received a uniform basal dressing of the complete nutrient mi
at rates given in Table 2. Composite soil samples were taken after harvest and analy
N content, while composite plant samples were analysed for chemical composition.

Table 2. Rates of application and compounds used to eachidesired nutrient combinations b
nutrient subtraction.

Nutrients Chemical Nutrients Chemical
Treatment (kg/ha)  compounds Treatment (kg/ha)  compounds
1: All nutrients Allcompounds  7: Minus B 6 NB&407.10H20
2: Minus P0s 135 NaHPO4.H20  8: Minus Cu 6 CuS@2H20"
3: Minus K 50 KCI 9: Minus ZN 6 ZnGl
4: Minus S 60 NaSO4 10: Minus Mo 0.5 Na2Mof2H20
5: Minus Ca 200 CaC® 11: Minus Co 0.5 CoCil6H20
6: Minus Mg 25 MgCh.6H20 12: No nutrients

1. CuCh.2H20 provided Cu in treatments where S was eliminated from applied nutrients.
Source: Mohamed-Saleem et al (1986).

Kanwa trials

Analysis of a local saltianwg — used by pastoralists for supplementing cattle — show
that it contained several essential nutrients (21.5, 4.7, 23.7 and 0.6% of Na, K, Ca ¢
respectively; 849, 75, 407, 44, 24 and 176 mg/kg of Mg, Fe, Mn, Cu, Co and Zn, respecti
It was therefore tested as a fertiliser on legume fodder banks in three trialsIh8tg

In all trials a complete randomised block design was used with five leviedsofa(0,
30, 60, 90 and 120 kg/ha) together with a uniform dressing of 18 kg of P (as s
superphosphate) and 30 kg of K/ha (as muriate of potash). These treatments
superimposed on i) a 5-year old Verano stylo pasture and ii) on plots cleared oftheirn
plant cover and sown with scarified Verano seed at 10 kg/ha. Both trials were carrie
in Kurmin Biri and the second trial was repeated in Ganawuri.

Nutrient requirements of  Stylosanthes capitata

This species generally has performed poorly and failed to nodulate well in both tro
Africa and northern Australia. In trials in the subhumid zone in 1985 and 1986, effor
induce nodulation using several Rhizobium strains and mineral nutrients failed. How
five years later many plants surviving at the experimental sites looked healthy, |
high-yielding and nodulated well whereas others grew poorly. This prompted a study
soil factors contributing to this variable performance. At Abet, 10 soil samples v
collected at two depths (0—-15 cm and 15-30 cm) from areas where plants were gr
poorly (usually at the bottom of the slope), moderately well (on mid-slope) and vigorc
(atthe top ofthe slope). At Kurmin Biri, the position on the catena had no effect on grc
Several areas of moderate and poor growth were identified and soil core samples
collected; soil samples were bulked separately for each treatment area by depth |
analysing physical and chemical properties.



Management trials

Sites with hardpans that impede plant growth are unsuitable for crop production but
be used for growing forage. Trials to test the effects of tillage methods on phy
properties and yield of stylo were established in 1987. Three treatments (disc-harrow
a depth of 10-15 cm, disc-harrowing followed by sullvapor by ridging) were tested in a
randomised complete block design. Verano stylo was sown (15 kg of scarified seed:
test crop with 35 kg of P/ha as SSP applied at planting. Soil cores were collected perio
during the growing season in metal rings at soil depths of 0-10, 10-20, 20-30 and 30-
to determine bulk density and moisture content.

Results and discussion

Responses to phosphorus

The results suggest that Verano stylo, in contrast to thé&twoianensigstylo) cultivars,

showed a low response to P application in the year of sowing (Figure 1). However, he
of only standing herbage in November may have disadvantaged Verano stylo, as le
seed fall occurs much earlier than in the stylo cultivars (Peters, 1992). Also, the remo
herbage in November may have influenced recovery of the stylo cultivars in the se
season, since, being late-maturing cultivars, little seed drop was likely and all regrowt
produced from perennating plants rather than from newly grown seedlings. This
explain why stylo yields were less than half (1-3 t DM/ha) those attained in the first:
whereas Verano stylo — being an early seeder — produced similar yields in both se:
However, in more recent work in Kurmin Biri, Peters (1992) showed similar differen
responses to P application between two newly acquired stylo cultivars and Verano
(see Tarawali et al, Table 8, p. 94). Soil analysis showed an increase in total N and o
carbon (C) with increasing amounts of applied P for all three stylo cultivars (Figure 2

Figure 1. Effect of P application on dry-matter productivity of styldtiears.
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Figure 2.  Effect of P application on some soil propetrties.
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The response to applied P on a Ferric Luvisol depended on the legume used. V
stylo showed a strongresponse onlyup to 20 kg of P, in contrast to the linear effect (P<
of up to 80 kg of P/ha of&entrosema pascuorutfFigure 3). It is likely that the low
responses to P can be attributed to the high sorption capacities and the high le
non-active forms of P in the soils found in Kurmin Biri.

Response to other nutrients

In these trials, dry-matter vield of Verano stylo approached 5 t/ha when all nutrient
listed in Table 2, were supplied (Figure 4). DM yields resulting from the omission of B,
Zn, Mg, Ca and K were only 10-20% belowthe potential yield obtained when all nutri
were applied (Mohamed-Saleem et al, 1986). Eliminating Co or S resulted in a 30-
drop in DM yield and removal of P or Cu caused a reduction of 64%. Omission of S
and Mo resulted in larger yield reductions in the second year than in the first, confir
that soils in the experimental area were deficient in several essential nutrients. Act
production declined in all treatments in the second year despite a better ra
distribution. Because of the low cation exchange capacity (CEC) of the experimente
(2.94 meq/100 g) nutrients applied as cations are weakly held and may be lost th
leaching (Jones and Wild, 1975). In the second trial, significant interactions were n
between Cu and P nutrients; application of 3and 6 kg/ha of Cu in the absence of P inci
yields by 0.4 and 0.8 t DM/ha, respectively.

Response to kanwa

Kanwa application of up to 90-100 kg/ha on old and newly established Verano
increased DM vyield significantly (Figure 5), but responses varied between sites,
species and the amount of rainfall during the growing season. In the season of applic
one kilogram okanwaup to the optimum level increased yield in the old Verano st
pasture by 19 kg DM compared with 60 kg in first-year stands. This indicatekdahag
could be recommended as a source of cheap and locally available fertiliser.



Figure 3. Effect of P application on dry-matter yield of Verano stylo @edtrosema pascuoruom
Feric Luvisol.
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Figure 4. Dry-matter yields of Verano stylo as influenced by varying nutrient additions.
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As all plots received a basal dressing of P and K, it is likely that the micro-nutrien
kanwaproduced the positive response, especially of Cu and Co, the deficiency of v
caused substantial yield reductions in the omission trials (Figure 3). Higher stylo yields
found in Ganawuri; although stylo isgenerallymore productive than Verano stylo, the ¢
response tkkanwamay have been due to soils which, being derived from basalt (



Figure 5. Effects of different levels &hnwaon stylo dry-matter production.
DM yeild (kg/ha)

9000 [~

8000 [~

7000

6000

LSD 0.05

[ 11

1 3 2

5000

4000
1 Cook styloGanawuri
2 Verano stylonew estab, Kurmin Biri

3000 3 Verano styloold estab, Kurmin Biri

0 20 40 60 80 100 120 140
Kanwa level (kg/ha)

2000
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therefore more fertile than the soils over granite in Kurmin Biri), are often found tc
copper-deficient.

Nutrient requirements of  S. capitata

The soil properties in areas showing different performanc®saaipitatefor two locations
are given in Table 3. At Abet, poor, moderate and good star®lscapitatgproduced the
equivalentof5.52.7, 11.2 1.1 and 15.¥ 1.8t DM/ha, respectively. At Kurmin Biri, plots
with poor and moderate growth yielded 209 and 5.4 0.8 t DM/ha, respectively.
ExcellentS. capitategrowth appearsto be associated with low pH, high organic carbon
total N, and low calcium levels in the top soil. Generally, plant growth was also bette
sites where the micro-nutrients were high, in particular Zn. This outcome suggeSs t
capitataperformance probably depends largely on successful nodulation, which requ
specific combination of soil pH and levels of Ca, Zn and available P. The high vielc
Abet, where available Ca was lower, are consistent with those of Grof et al (1979),
observed that. capitatadid not nodulate effectively when soils were limed. Howeve
nodulation occurred normally in soils with a pH of 4.3 and a corresponding high alumi
level of 3 meqg/100 g.

Tillage trials

Tillage methods significantly influenced bulk density; the lowest valu@g4{1.27 g/cr‘?‘l)
were encountered on ridges made of heaped topOsdiD(cm) compared with 1.37-1.4¢
g/cm3 when the surface was only disc-harrowed. Shallow disc-harrowing did not reacl
subsoil (20-30 cm) and consequently higher bulk densities (1.7(?)gmme found.
Subsoiling reduced density to 1.39 at three weeks after tillage, increasing to 1.i5tg/c



Table 3. DM vyield (t DM/ha) ofS. capitatagrowth classes and associated soil characteristics at t
depths (cm) in two locations.

Location Abet Kurmin Biri

Yield class Poor Moderate Good Poor Moderate
Parameter (cm) 0-15 15-20 0-15 15-30 0-15 15-30 0-15 15-30 0-15 15
DM yield (t/ha) 5.5 - 15.7 2.0 5.4

pH (H20) 49 48 48 49 46 47 47 46 46 47
Organic C (%) 0.16 038 036 036 044 022 056 060 090 0.5
Total N (%) 0.028 0.042 0.056 0.042 0.056 0.042 0.056 0.056 0.070 0.0
Available P (ppm) 5.4 - 5.4 2.3 3.6 2.7 0.9 0.9 18 0.9
Ca (meq/100 g) 060 088 059 08 062 070 111 093 071 0.7
Zn (ppm) 0.8 0.5 0.6 0.5 1.8 0.6 0.6 0.6 0.9 0.5

seven weeks; the subsoil below ridges showed bulk densities of 1.48 and 1.38 (
respectively. Due to higher rainfall infiltration or to lower runoff, stored soil moisture \
significantly higher in the subsoiled plots than in either the ridged or the disc-harrc
plots (Table 4). Subsoiling significantly increased yield of Verano stylo to 6.9 t DM/h
compared to 5.5t on disc-harrowed and 5.0 t on ridged land. This trend showed that
is a minimum rooting depth below which Verano stylo cannot attain its yield potentia

Table 4. Moisture storage (mm in 0—45 cm top soil) as affected by tillage method.

Time after planting (weeks)

Tillage method 3 7 13
Disc-harrowing only 74 79 88
+ ridging 78 78 82
+ subsoiling 85 98 106

Source: Adeoye and Mohamed-Saleem (1990).

Conclusions

Responses to P-application vary widely betwektglosanthespecies and soil types.
Although other factors such as rainfall distribution, poor germination and seec
mortality may account for differences in yields, deficiencies of micro-nutrients contrik
substantially to explain suboptimal yields. The requirements for P, S, Cu, B and C
optimum stylo production in the subhumid zone of Nigeria has been demonstrated
applications of the local mineral s&lhnwacan redress some of the nutrient deficienci
effectively. The high yields &. capitatashowed that it can grow well on soils with low pH
and adequate levels of P and micro-nutrients. Considering that soils with hardpa
common, subsoiling would increase pasture and crop yields on soilsadtly drained or
impermeable horizons close to the surface.
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Abstract

Stylosanthebas been cultivated in Nigeria for over two decadesto supplement animal
protein. Efforts have been directed at increasing yield with minimum attention being
to pests and diseases of the crop. Howestpsanthespecies are notably susceptible t
anthracnose disease all over the world. Screening many accessiSmtgosanthesat
ILCA’s subhumid research site in Kaduna showed that although anthracnose is the
disease, the genus is susceptible to other foliar diseases and basal and stem rots b
were no signs of nematode attack. The most significant pest problem was termite att
the dry season.

Management strategies for pest and disease contr8hylmsanthegproduction,
including different cultural practices and the use of chemicals and resistant varietie
discussed. Cultural practices can be partially successful, whereas the use of chemical
feasible due to costs and technical limitations. The use of resistant accessions offe
best option; the research for such germplasm should be a continuous process that ir
the interaction of pathologists, entomologists, agronomists and plant breeders.

During the evaluation programme at ILCA, KaduB#&jlosantheaccessions that are
resistant or tolerant to anthracnose have been identified. TheSe gunensisLCA
163, 164 and 15557 ar8l hamatdLCA 15876.

Mise au point de stratégies de gestion du
Stylosanthes axées sur la lutte contre les
maladies de la plante

Résumé

Stylosanthesest cultivé au Nigéria depuis plus de vingt ans pour compléme
lalimentation des animaux. Essentiellement axées sur 'accroissement de la productic
actions entreprises s'intéressent peu aux maladies de la plante. Et pourtant, les espé
Stylosanthesont extémement sensibles a une maladie comme l'anthracnose partout
le monde. Les études de dépistage de maladies effectu&tgesantheq Kaduna au site
de recherche du CIPEA pour la zone subhumide montrent que l'anthracnose était b
principale maladie dé&tylosanthescelui-ci était en outre sensible a d’autres maladies d
feuilles, aux pouritures du collet et de la tige mais aucun signe d’'attaque de nématodesr
été observé. Les termites constituaient le probléme le plus sérieux pendant la saison s



Cet article examine les stratégies de gestion appropriées pour combattre et prével
maladies d&tylosanthes/ compris les techniques culturales ainsi que l'utilisation de prodt
phytosanitaires et de variétés résistantes. Les méthodes culturales constituent une s
plus facile que l'utilisation des produits phytosanitaires, laquelle est limitée par
contraintes financieres et techniques. L es variétés résistantes représentent la meilleure
possible, mais la recherche sur leur matériel génétique devrait réunir en permanenc
pathologistes, des entomologistes et des phytogénéticiens. Enfin, le programme d'éval
exécuté au site de recherche du CIPEA a Kaduna a permis d’identifier deux acquisitio
Stylosanthegésistantes a l'anthracnose, a savoir ILCA 163dguianensist ILCA 15876
deS. hamata.

Introduction

Introduced into Nigeria in 1947 from Queensland, Austr8liglosanthespecies were not
fully utilised as fodder crops until the last two decades (Nwb860). Three species are
currently recommended for commercial cultivation in Nigeria, narBelguianensigv
Cook, S. hamatacv Verano andS. humiliscv Townsville. Most research work ha:
concentrated on identifying agronomic practices thifitinerease dry-matter yield and
little attention has been paid to pests and diseases affecting stylo.

The most important disease 8tylosanthess anthracnose which is caused b
Colletotrichumspp. First recorded o8tylosanthes Brazil in 1937 (Aon,1937), it has
attacked the plant in tropical regions of America, Australia, Asia and Africa (Lenne
Sonoda]982). The commercial cultivars 8f guianensjsnamely cvs Schofield, Cook anc
Endeavour, were particularly susceptible to anthracnose in Colombia (Irvin and Cam
1978). Forage yield losses of 26-58 % have been reported on several spetyiesaifthes
in Florida (Lenne and Sonodi982).

No literature is available on the diseases and pestStgésanthedn Nigeria.
However, the International Livestock Centre for Africa (ILCA), working in Nigerig
subhumid zone, has included screening for anthracnose resistance and toleranc
evaluation programme since 1981. In addition to this general screening of all material,
detailed pathological experiments commenced in 1987.

This paper presents a summary of the pests and diseases thatSaytasnthes
species in the subhumid zone of Nigeria, and, as a result of pathological experin
suggests methods for controlling the pathogens and pests.

Pests and diseases of Stylosanthes in Nigeria

Pests of Stylosanthes

Few pests have been recorded onShdosanthesccessions being evaluated by ILCA i
the subhumid zone. Among these are leaf-eating beetles (Chrysomelidae) that feed «
leaves at the early stage of growth; leaf hoppers (Cliidake) found on the plants before
flowering; and the blister beetldylabris sp, that feeds on stylo flowers. The mo:t
important pests are the termites (mos#acrotermites subhyalimyswhich become
common after the end of the rains.

Soil analysis has shown that many organisms are associated with root and stem
Stylosantheslepending on the time of the year and the cultural practices through w
the plants were established. Although nematodes (specidsatfieuchusand
Meloidogyn& have been isolated from fields®tiylosanthethey did not attack this species



Diseases of Stylosanthes

Anthracnose is by far the most significant diseasBtgfosanthem Nigeria. However, field
observations of 17 accessions®fguianensiebtained from Colombia showed that apa
from Colletotrichum, Stylosantheis susceptible to some other virulent pathoge
(Mohamed-Saleem and Adeoti, 1989). The accessions were very susceptible to oth
spot diseasesincluding leaf spot and leaf blightsinducBtday a sorghindSacc. Boerema
et al) andCurvularia eragrostidis(Henn.) J. A. Meyer and leaf blight caused «
Cochliobolus eragrostidiéTsuda and Ueyama) Sivan. The combined effects of these o
leaf spots causes a reduction in the forage and seed yields.

Soil-borne pathogens &tylosanthesere also identified and these includddhium
spp,Fusarium solan{Mart.) Saac.F. acuminatunkEll and EvethF. oxysporiumSchlecht
andF. moniliformeSheldon (ILCA, 1988).

Pest- and disease-management control in  Stylosanthes

Pests and diseases may be controlled by adopting cultural or chemical methods or b
resistant varieties. In Nigeria, the choice of method must be appropriate to the le
technologyavailable to the target group which includes settled agropastoralists, small
farmers and peri-urban dairy farmers.

Cultural methods

This approach shows good potential for the management of pests and disea
Stylosanthe Nigeria since the usual cultural practices of the farmer are not change
only modified to obtain maximum effect.

Field sanitation

Burning at the end of the dry season removes leaf litter and trash from the previous
At the same time it destroys many diseased leaves and stems which could serve as ¢
of primary inoculum for the pathogens on seedlings and regrowth in the following se:
Burning also removes diapausing insect pests (Adesiyum and Ajayi, 1980).
disadvantage of burning is that old stands of pere8tidb species are often destroyec
Since farmers often burn their crop fields at the onset of the wet season late burning
not be an unusual practice to recommend.

Grazing

Strategic grazing in the wet season may help to reduce the vegetative cover, to preve
dense, humid conditions that would favour pathogen development (Mohamed-Salee
Adeoti, 1989). Light grazing oBtylosanthedodder banks in the wet season is

recommended management practice to control fast-growing grasses (Otsyina et al,

In the dry season, stopping grazing early in the dry season waliEbsie some diseased
leaves in the field; continuing grazing until at least February leaves the regrowth free
foliar diseases and causes a general reduction in the insect population.

Tillage

Routine land preparation which includes hoe tillage, ploughing and harrowing be
sowing is very effective in exposing termites, suchviesrotermesspp, particularlyMm.
bellicosuswhich have shallow surface nests. If properly ploughed, residual plant trast
be buried thus reducing the primary inoculum from the previous years’ plants. Tillage
enhancesthe growth 8fylosantheseedlings. However, land preparation mayhave limit
use in management because some of the cultivars are perennial and the field would
prepared every year.



Rotational cropping

Growing stylo in rotation is better than keeping it as a permanent pasture since this
to a build up of soil-borne pathogendafsarium, PythiunandSclerotium(S. A. Tarawali
and A. A. Adeoti, unpublished data).

Crop mixtures

Since pastoralists normally settle around farming communities to market their milk at
have accessto crop residues for grazing, crop mixtures that irftyideantheare likely
to be readily accepted.

Mohamed-Saleem (1984) reported that undersowing sorghurStyitisantheat the
right time increased botBtylosantheand sorghum yields. However, some caution shot
be exercised in developing crop mixtures. For example, recent work (ILCA, 1988)
shown that Cook and Verano Stylo are highly susceptibl€htoma sorghinaand
Helminthosporiunspp which are pathogens of sorghum. If mixed with misligiabris spp,
which is attracted to maize pollen, mayfeed on stylo flowers causing reduction in seed

Irrigation

Irrigating Stylosantheat the end of the rains in October as a means of sustaining g
yield has been tested in Kaduna (Mohamed-Saleem and Adeoti, 1989). The results s
that there was a build up of soil-borne pathogens, particulafFysdriumspecies. This
eventuallyled to the yellowing of leaves, retarded growth and even death of some old
there was also poor seedling establishment in the subsequent wet season.

During the wet season, foliar diseases such as anthracRbsenaleaf spot,
Curvularia leaf spot,Cochliobolusleaf blight and the root and basal rots induced
PythiumandSclerotiumspecies were the most important diseases. During the dry se
when the soil was periodically irrigatelusarium species increased. Therefore
supplementaryirrigation f@tylosanthegroduction in the dryseason is not recommende

Chemical control of pests and diseases in Stylosanthes

Control of pests and diseases using pesticides and fungicides has been succe
demonstrated irbtylosanthedields. Lenne and Sonodd482) showed that plots of
Stylosanthesprayed with fungicides (benomyl and maucozeb) gave significantly higher
matter yields than unsprayed plots. They also showed that the strategic use of fun
at flowering produced anthracnose-free seeds. Alafiatayo (1982) reported that the |
companion fungicides such as Delsene M (Carbendazin and Maneb) gave the best ¢
of Colletotrichumin the field.

Dressingstylosantheseeds with benomyland Dithane M 45 before sowing effectiv
controlled anthracnose sin€olletotrichumis seed-borne (Lenne and Sono#iag2).
Because of the high labour, expertise, financial cost and technology required in
spraying, seed dressing before sowing appears to be more feasible and could e
adopted by farmers who are already used to treating crop seeds. Foliar applicat
insecticides at flowering will maximise seed production; except where seed is the ulti
aim there may be no need to spray for insect control.

The use of resistant varieties

The use of resistant cultivars is the most economic method of dorgrstylo diseases
since it requires no additional cost after establishment of the crop. Earlier screeningo
cultivars by ILCA showed tha$. hamatecv Verano was fairly resistant to anthracnos
(ILCA, 1987). Further screening of 17 accessionSofuianensisrom CIAT (Centro



Internacional de Agricultura Tropical) identified two accessions, namely CIAT 184
136 (ILCA 163 and 164, respectively) as the most resistant to anthracr
(Mohamed-Saleem and Adeoti, 1989). Subsequent observations of these access
other trials have shown that both show some anthracnose symptoms (black spots), b
theytolerate the disease (Tarawali et al, pp. 81-95).

All ILCA’s evaluation trials include screening for anthracnose and led to !
identification of other tolerant accessioBsguianensil. CA 15557 andS. hamatdLCA
15876, (Tarawali et al, pp. 81-95). During the trials, accessions that were selected at
sites (e.g. Ethiopia, Florida, Australia, Colombia) for anthracnose resistance
succumbed to the disease when grown in subhumid conditions in Nigeria, often i
second season of growth.

Pathological examination of samplesStilosanthesccessions from the evaluatior
plots revealed that a number of different specie€alfetotrichumwere present. These
includedC. ‘capsict’, C. destructivunandC. gloeosporiodesThe presence d. ‘capsici”
is noteworthy because this species tends to be less host-specific and therefore pot:
more dangerous (AFRC, 1989).

Resistance to insect pests is determined by those characters of the plant
influence the amount of damage caused by insects andlitgtabtolerate this damage.
According to Painter (1951) the mechanisms involved include avoidance, where the |
behaviour is adversely affected by plant; antibiosis, where the insect growth and su
isadverselyinfluenced bythe plant, and tolerance where the plant can support higher
populations than more susceptible cultivars without loss in yield. Obviously, insect dat
and pathogen attack could be inter-related and Lenne et al (1980) suggested that w
pests and disease resistanceSiylosantheshould involve the collaboration of plant
pathologists, entomologists, agronomists, plant collectors and breeders.

The identification of resistant cultivars is a continuous process since the long-terr
of a limited number of accessions may lead to the development of new pathogenic
and insect biotypes.
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Abstract

Due to its tolerance to anthracnose Verano stylo has become the most widespread :
in West Africa and remains the mainstay of fodder-bank development in Nigeria, Mali
Cote d'lvoire, while in semi-arid Niger it proved most promising for intercropping w
millet on deep Arenosols.

Management of large-scale Verano-based pastures has relied foremost on int
research in the monsoonal rangelands in Australia, originally develop&dyfosanthes
humilis Similarlyin Nigeria low input oversowing of Towri stylo was seen as a panace
to improve rangelands in the semi-arid and subhumid zones, adapting Austr
technology to West African circumstances. Following the introductid bamatan the
early 1970s, it proved superior to Towitlsvstylo when used for rangeland improvemen

Although the adoption rate of fodder banks in Nigeria has been encouraging
concept is more adapted to medium-scale agropastoralists with up to 50 head of catt|
to smallholders for whom cropping is more important than livestock production.
paper briefly reviews the current management options of Verano-based pasture
explores the changes required to manage small-scale leys or fallows that can serve
for livestock and function as improved fallows to raise soil fertility in smallholc
crop-livestock systems.

Options de gestion en vue d’accroitre la productivité
de S. hamata dans les banques fourrageres et les
petites soles en Afrique de I'Ouest

Résumé

En raison de sa résistance a l'anthracnose, le Verano est devenu le stylosanthes
cultivé en Afrigue de I'Ouest. || demeure un élément de base des banques fourrage
Nigéria, au Mali et en Cote d'lvoire et, surarénosol profond dans la zone semi-aride du N
donne des résultats extremement encourageants dans les associations avec le mil.

Les techniques actuelles de gestion des grands parcours a base de Verano ont ét
au point essentiellement a partir de recherches intensives effectuées principaleme
Stylosanthes humilien Australie, sur des parcours de la région des moussons. Egalel
importé d’Australie et adapté aux conditions prévalant en Afrique de 'Ouest, le surs
extensif deStylosanthesTownsville était considéré comme approprié pour améliorer
parcours dans les zones semi-arides et subhumides du Nigéria. Cepeddhamata,



introduit au début des années 70, s'est révélé supériebtyldasanthesl ownsville dans
I'amélioration des parcours.

Le rythme d’adoption des banques fourragéres est encourageant au Nigéria.Ceper
cette technologie semble plus adaptée aux exploitations agropastoralediede teyenne
ayant jusqu’a 50 tétes de bovins qu'aux petites exploitations pour lesquelles la produ
végétale est plus importante que I'élevage.

Cet article passe brievement en revue les options actuelles en matiére de gesti
parcours a base de Verano. Il examine en outre les transformations a y apporter en vue
gestion rationnelle de petites soles destinées a améliorer l'alimentation des animaux
fertilité des sols dans les systémes de la petite exploitation mixte.

Introduction

Brief history of research efforts

Until the mid-1970s species selection of stylos fell into two majougs: for intensive
forage production in higher potential areas reliance was mostly d®. ihdanensigroup
whereas for large-scale semi-arid rangeland improvement, oversowing visttmilisvas
widely investigated both in Australia and in Nigeria. It was believed that large tract
rangelands in northern Nigeria could be improved by aerial oversowing and rese
focused on low-input establishment (de Leeli®974).S. guianensisvas emphasised for
small-scale leyfarming with higher inputs and multi-purpodssation such as hay-making,
stall-feeding and undersowing in crops (de Leeuwand Brinckman, 1974; Brinckman, 1

In the mid-1970s the rapid spread of anthracnose affectingShajhianensiandsS.
humilisgermplasm prompted an intensive search for alternative disease-tolerant ma
To replaceS. guianensjother perennial stylos were evaluated and accessions fro tt
viscosaS. scabraandS. capitatagroups were selected (Mott et 5989; ILCA, 1987-90).
To find substitutes foS. humilis, S. hamatécv Verano) became the most promisin
candidate. This species not only possesses the same attribBtésiofilisbut is also more
anthracnose-tolerant, day-length neutral and perennates when growing conditior
favourable (Roeleveld, 1978; de Leeuwet al, pp. 105-111); (listing of attributes in Anr

This shift towards new germplasm was also apparent in ILCA’s research relate
fodder-bank development. While initialB; guianensiécv Cook) was selected as the mo:
promising cultivar for semi-intensive sowing in higher rainfall areas of the subhumid z
S. hamatawas included in the seed mixture. Within a few years (1979-82), cv Cook
ousted by recurrent anthracnose attacks and gradually replaced by cv Verano whi
remained the major legume in most Nigerian fodder banks (Mohamed-Saleem, 198t

Similar developments occurred in Cote d'lvoire where intensively managed pere!
stylo-grass pastures were established to fatten immature steers (Ruthenberg, 1976)
efforts were nullified by anthracnose outbreaks and Panicum—Verano mixtures were
as an alternative (Ruthenberg, 1976; Lazier 1984). While Verano was used as a sub:
the search for anthracnose-tolerant perennial stylos continued. In Nigeria, several to
accessions were found productive but theyrarely out§dvamataspecially in the drier
areas (ILCA 1988; 1989). In Katherine (Australia), long-term research comg&are
hamatapastures with those sown$o scabrgcv Seca, Fitzroy) and. viscosait was found
that in the long-term, Verano was difficult to “beat” (Mott et al, 1989; Winter et al, 19¢

Management of fodder banks

The persistence and vyield stability of Verano have been impressive. Several fodder
consistently produced 4-6 t DM/ha over several years with a 50-70% legume cot
Apparently, this persistence was generated by large seed pools varyin§#0e3000
seeds/rﬁ(Mohamed—SaIeem and Suleiman, 1986).



In well-managed fodder banks there was little evidence of yield decline over t
Yields in the first year were similar to those four years later indicating that the metho
establishment were efficient. (Mohamed-Saleem, 1986; Otsyina et al, 1987). Howevel
a few banks (up to six) were regularly sampled, out of a total of 70 that were establish
1986 and of which 50 were under complete farmer-management. In 1990, 30 fodder
were sampled in four states showing an average yield of 5.6 t DM/ha, but with a wide 1
of 1.9 to 9.5 t/ha. Variation in yields was linked with grazing pressure. Fodder banks
were grazed year-round yielded 2.3 t/ha compared with 6.7 t/ha for areas that were
used for 3-Fours duringthe dryseason (ILC¥90:55). This mayindicate thatlisation
by stock was often below optimum and probably could be improved.

Although the long-term sustainidity of Verano pastures is dependent on mar
factors, wet season grazing management and phosphorus fertilisation are ess
Response to defoliation during the growing season was marked indicating that by ci
swards every 6-9 weeks 5.1-5.8 t/ha was produced in the first year increasing to 6.8—
in the second year, or 105-115% and 60—-70% above the end-of-season yields, respe
from single harvests (ILCA 1988; 1989).

The effect of grazing was also demonstrated in Shika at the National An
Production Research Institute (NAPRI). Initially, in the first year, Ver&emehrus
ciliaris pastureswere lowin legume content (10-16%). However, after four years of gr:
byheifersat three stockingrates (1.1, 1.7 and 3.3 head/ha) during the rainy season fo
months from April to October, Verano content increased from 28% at the lowest stoc
rate to 60% at the highest (Agishi, 1982). This favourable impact of grazing was
reported in Australia. In Katherine, a comparison of grazed and ungrazed patches sl
a five-fold increase in stylo yields, a 15-fold higher seedling density and an almost com
absence of competing grass cover when grazed (Mott et al, 1989: 1236). While
recognised that P-fertilisation is essential to maintain stylo dominance in swards
long-term optima for stable yields are difficult to determine and responses are
conflicting (see Haque et al, 1986). In Kurmin Biri (Nigeria) application of 50 kg o
doubled yields 08. guianensisv Cook (2.3 to 4.8 t DM/ha) but gave much lower respon:
in cv Schofield (+ 40%) and Verano stylo (+ 20%) (Mohamed-Saleem, 1986: 339
contrast, providing all soil nutrients except P to Verano produced 1.6 t DM/ha as comj
to 5t when all nutrients were applied (Mohamed-Saleem, 1986: 342).

A high response of Verano to P was confirmed in Shika. At 0 and 30 Kg per
hectare, yield increased from 2.8 t to 6.0 t DM/ha. Thisincreased furtherto 8.7t DM/
120 kg/ha of BOs; thus a level of 30 kgdPs per hectare was close to the economic optimt
for yield. However, for seed yield the optimum was higher. Over the same rangeeetlP
yield increased from 480 to 1280 kg/ha; the highest returns were reached at200 jrgrP
hectare yielding 1266 kg/ha or 8.7 kg of seed perk@Ripplied (Agishi, 1982). Lower
responses may be due to weed competition since in Shika with increasing P-appli
(0—60 kg) the stylo coppnent in the establishment year fell from 50 to 30% in cv Co
and from 90 to 50% in Townsville stylo (Agishi and de Leel®86: 474).

Although small-plot experiments are an essential step to find optimuniséart
management, long-term trials are needed to explore effects on pasture dynz:
grass-legume balance and on secondary productivity. From 10 years of monitoring re:
in large-scale Verano pastures in Katherine, Winter et al (1989b) concluded tha
productivity of legume and growth rates of cattle can be improved by rather small in
of superphosphate . Theyrecommend6d kg/ha at establishment and 25 kg/hawally
for maintenance. Similarly, Edye and GillartB@5) working in commercial properties ir
north Queensland, reduced establishment and maintenance cost by lowering
superphosphate inputs fra220 kg/ha to 60-110 kg/ha and stated that despite these
inputs Verano pastures remained stylo-dominant over periods of up to 15 years.



Management systems for S. hamata leys

Seed production gardens

- Establish fenced gardens of 100—20%)improtected compounds.

«  Provide maximum inputs (high seed rate at 2291?ﬂfertiliser, weeding, efficient seec
harvesting) so that a seed yield of 10-20 kg per annum over several years can be ex

- Retain seed garden as back-up for sustained long-term fallow improvement.

Establishment and management of fallow areas

» Use high seed rates (10 kg of pods/ha or more).
- Graze intensively before seeding and 10-30 days after legume emergence dept
on seedling growth and weed competition.
- Apply selective heavy grazing (by tethering) during the following periods:
— immediately before flowering and seed setting of the main competing volun
grasses
— during the expected seed-fall of stylo
— during early dry season to harvest seeds and fallen leaves and prevent earl
through reducing fuel load and promoting patchiness.

Selective tethering will become particularly essential during the end of the fallow
when soil nitrogen is building up and nitrophilous grasses subrassetum pedicellatum
tend to increase. These grasses are highly palatable before flowering making cont
tethering will be effective.

Other interventions

» Collect faeces of stock tethered on stylo in the early dry season both from the fi
and the night holding-areas and arrange for manure storage.

- Spread stored manure at the beginning of the following growing season in old f
(in particular on patches where regenerating stylo density is low) or in new fi
entering the fallow cycle.

- To prevent late fires and to retain some forage for late dry-season grazing, cc
grazing pressure through spot grazing or by harvesting the standing crop for hayc
the dry season, thereby creating patchworks of low plant cover ground surround
tall herbage stands.

Although year-round protection of improved fallows can be ensured by adeq
fencing, in practice this may not be feasible due to high costs. However, on-farm croj
patterns could be so arranged, that these small improved fallows are surrounded b
cycle crops such as sorghum or cotton. Sorghum is usually harvested in late Novemb
cotton during December—January and therefore remain protected and ungrazeo
protection would ensure sufficient seed-fall of stylo for regeneration in the follow
season.

Discussion and conclusions

Fodder banks

Although the success rate of fodder banks has been satisfactory, further improveme
management are possible particularly in respect of grazing and phosphorus applicati
maintenance. From early work (Taylor-Powell and Ingawa, 1986; Taylor-Powell

Suleiman, 1986) and more recent surveys of 30 fodder banks (ILCA, 1990), it is clea
the grazing management of fodder banks by agropastoralists varies according to
perception of fodder banks as a feed source and to their immediate and longer
production goals. Hence, the number and types of animals used, the periods, freque
grazing and therefore the overall utilisation rates have varied enormouslgugji no



single system can be ideal, certain guidelines may be necessary to match manageme
is optimal biologically with the producers’goals. In the dry season the nutritional valu
feed for livestock at risk and the hazards of accidental fires are likely to determine
patterns. However, wet- season use should be mostlygeared to guarantee maximum!
yield with a high leaf and seed content. A re-assessment of the current eviden
formulate detailed user guidelines should be attempted.

Similarly, fertiliser rates need careful scrutiny. Given the general satisfaction
current establishment practices, 150 kg/ha of single ginqmesphate at initial seeding ma
still be optimal alhough on more fertile soils rates may be lower. However, a maintenc
application of 100 kg/ha pemaum as recommended by Otsyina etl®87) may be too
high and in line with Australian experience could be lowered, in particular when comb
with judicious wet season grazing management. Furthermore, time of application m
important while “patch application” to enlarge legume-dominant areas is Wc
considering.

Fallow leys

The entire management strategy of oversowing fallows should be geared to maintain
seed output throughout ti3e-4 year life of the fallowto ensure stylo yields of 4—6 t DM/t
perannum. Apart from promoting profuse seed-fall, two back-up sources can be deve
by retaining the intensively-managed seed garden permanently and by selective tet
of stock on high-seed areas and collecting their faeces for storage and spreading ¢
the next growing season.

Although labour-intensive, tethering may be worthwhile as it provides stock v
good-quality feed during the growing season when herded stock is often poorly fed be
of short grazing days in overgrazed communal rangelands far away from cropped
These grazing areas are often located on non-arable land with shallow soils and poo
cover. Tethering on fallows could be done with selected stock such as pregnant or lac
cows, work bulls, young calves or small ruminants that are usually kept arounc
compound.

Sole reliance on Verano maybe imprudent. Therefore, the seeding oflegume mi»
should be encouraged not only containing perennial stylos but also other leg
(Centrosemapp,Clitoria etc). It seems unfortunate that while in temperate zones mt
species best-bet mixtures were commonplace in pastures and meadows (befor
N-pastures with single species becaemevogueto increase feed per hectare), mont
cultures are recommended in Africa; rarely are evaluation plots established te
combination of more than one grass and one legume.

Multi-species leys are likelyto be lessrisk-prone and more sustainable due to bety
species differences in responses to rainfall distribution, temporal growth rhytl
competitive ability and palatability to grazing stock. Inclusion of perennial grasses
further enhance longer-term yield stability. Mott etZ8§9) showed that livestock outpu
was greatest in Verano pasturesthat contained a perennial grass component of abol
Again there is no reason why several grasses — with different growth patterns — cou
be grown together with several legumes.

Given the rapid uptake of short-term legume fallows by farmers in West Africa,
management strategies have to be designed and tested that are adapted to \
production goals. In subhumid Nigeria, small-scale farmers are mostly concerned wit
fertility maintenance rather than using their fallows as a source of feed, lkeoaght
tethering goats during the cropping season on fallow seems to be catching on (see N
al, pp. 155-165). In Mali and othepuwntries with cotton cash-cropping using anim
traction, the emphasis will be — like Fulani agropastoralists — on improving fgpediess
for livestock.
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Annex

Major attributes of S. hamata

The success 08. hamataas a pasture legume can be attributed to the follow
characteristics:

Germination and seed biology

- Rapid germination of seeds (50-80% within two days) due to fast water uptake.

« Requires high temperatures (>50°C) to break hard-seededness, thus pro
protection against out-of-season rainfall and fire hazards.

Seedlings

- Rapid root growth (4-13 mm/d) leading to deep penetration and high soil-mois
extraction at an early age.

- During periods of high soil-moisture content and high temperatures (> 25°C)
above-ground growth rates (vertical growth10 mm/d).

Low sensitivity to moisture stress and dessication due to efficient stomatal cor
osmotic adjustment and parahelionasty.

Flowering and seed-production

- Because flowering is controlled by age and/or plant size rather than by day le
flowering and seed setting are extended over time ensuring a high probabili
adequate seed production (up to 1.8 t/ha).

- Beingafacultative perennial, some plants survive into the next growing season, fu
assuring sustained seed production in most growing seasons.

- Being an indeterminate species, non-selective defoliations during flowering
seed-setting have little effect on subsequent seed yield.

- Efficient seed dispersal mechanisms (seed intake by herbivores, spread in f
transport by ants and termites).

Other characteristics

- High anthracnose tolerance.

- Low palatability early in the growing season and high levels in the late rainy and «
dry season.
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Abstract

Countries in sub-Saharan Africa are in urgent need of simple and self-reliant innova
to raise food and fodder productivity. Livestock suffer from protein deficienci
particularly during the dry season. Continued cropping seems impractical in tropical A
without adequate nutrient and organic-matter replenishment in soils.

The genusStylosanthehas provided ample germplasm for a wide variety
agro-ecological situations in the tropi&ylosanthes hamatas Verano, was found to be
particularly adaptable and resilient in agropastoral farming in the subhumid zone of’
Africa. In on-station and on-farm trials, stylo has contributed significantly to livest
productivity and soil fertility. It is easily integrated intapping systems and has improve
food and fodder productivity on a sustainable basis. Nonetheless, farmer adoption of f
legumes (e.gtylosanthédnto the land-use systems has been slow. Whether thisisbec
of an “adoption lag” or due to a negative farmer evaluation of the benefits is a topi
future research.

Mise en valeur des parcours a base de  Stylosanthes
pour les systemes de production agropastorale

Résumé

L es paysans africains ont de toute urgence besoin dinnovations simples et efficace
pouvoir produire davantage de denrées vivrieres et daliments du bétail. Les anin
mangquent de protéines, notamment pendant la saison séche. En Afrique tropicale, le:
ne peuvent étre cultivées longtemps sans un apport d'éléments nutritifs et de matiere org
en quantités suffisantes.

L e genreStylosanthe$oumit du matériel génétique adapté a un nombre extrémernr
varié de conditions agro-écologiques dans les régions tropicales. On s'est apergu
Stylosanthes hamatav. Verano était particulierement bien adapté aux systémes
production agropastorale de la zone subhumide de I'Afrique de 'Ouest. Dans des ess
station comme en milieu ré8tylosanthea contribué a améliorer de maniére significativ
la productivité du cheptel et la fertilité des sols. Facile a intégrer dans les systemes agra
a permis d'améliorer durablement la production alimentaire et fourragére. Cependant
paysans ne semblent guére pressés d’introduire les légumineuses fourragStet@nthes)
dans les systemes d'utilisation du sol. Des études supplémentaires doivent donc étre ent
pour savoir s’ils observent d’abord un ‘temps de réflexion” ou sils doutent carrément de «
innovation.



Introduction

The Government of Nigeria has employed several strategies to improve lives
productivity in the country. For many years, most of the budget for the livestock secto
allocated to combat major epidemic diseases, particularlyrinderpest and contagious|
pleuropneumonia. State governments set aside vast areas of land as “grazing res
believing that nomadic and transhumant pastoralists would settle, if they had secure
to pasture and water. Much effort went into developing infrastructure such as road:
traces, dams and milk collection centres. Despite these developments there wa;
response from the pastoral herd owners.

Duringthe same period, the national agricultural research system (NARS) introd
and screened new varieties of forages to enrich natural pastures. Asthere was no tr
of pasture seed production seeds were imported until the late 1970s when the gover
established a few multiplication units. Large tracts of land were oversown with e:
legumeswithout much success as establishment was generallypoor. Even if seedling
was satisfactory, forage growth was grazed before seed setting or burnt during th
season.

Milk-collection centres associated with grazing reserves failed to convince pastor
to move into the reserves. Milk prices offered were too low and not adjusted upward
supplies declined as the traditional markets do (Waters-Bayer and Bayer, 1
Agropastoralists were not allowed to grow crops as this was forbidden by the
legislation governing the creation of grazing reserves.

Outside grazing reserves, most land is still owned by communities of cultivators w
land tenure and usufruct rights are governed by complex traditions. FulBe pastot
frequently have difficulty obtaining land, especially where areas are intensively cultive
Yet agropastoralists prefer to settle close to vilages and small towns with amer
marketsto sell livestock products and to buyfood and goods from, and with accessto
crop residues in the hinterland.

Even if grazing reserves had been successful they could never contain more t
small fraction of the pastoral livestock in Nigeria. The national cattle herd is estimate
13 million head, owned by abo200 000 pastoralists. Thi®pulation would requir80-40
million hectares of grazing or over a third of theuatry. Thus, the earlier livestock
improvement strategies fell short of respondingto the needs and aspirations ofthe live
producers.

Fodder banks

To develop feed resources the following criteria for appropriate innovations were |

(Kaufmann and Blench, 1988npublished):

- The innovation must be a low-cost, low-input technology that can be rea
transferred

- The benefits must be apparent to both agropastoralists (livestock owners)
cultivators (land owners) so that it can be fully integrated into the prevailing land
systems

- The principle and merits of the innovations must be accepted by, and be approj
to the means, of the extension services.

ILCA pursued a farming- systems approach and established the necessaryrappo
the principal participants so as to understand their livestock-production syst:
production goals and aspirations. Thereafter, technologies that suited the prod
resources were designed. In the early 1980s, ILCA concentrated its on-farm resea



Table 1. Grain yield (kg/ha) at zero N application to soils with different histories and the amour
N required to raise grain yields of cropped soil to the level of other land-use types, Ku

Biri, 1983.
Grain yield at

Soil type 0 kg/ha of N N kg h&
Cropped for three years 461 0
Uncroped for many years 1275 30
S. hamatdor two years 1329 32

S. hamatdor three years 2508 90

S. quianensifor one year 1643 44

S. guianensifor two years 2696 110

1. Amount of applied N (kg/ha) required by cropped soil for equivalent yields of other soil types at zero N

three sites: a government-assisted settlement of agropastoralist farmers in Kurmir
small-stock owning in Abet and cattle-owning arable farming communities in Ganaw

The following constraints to forage production were identified by Mohamed-Sale
and Suleiman (1986):

a) Acute shortage of labour as all available labour was required for subsistence cro
b) Lack of agricultural mechanisation, including animal traction.
c) Little securityover land rights precluding long-term commitments to land developir

d) Communalgrazing bynomadic and transhumant herds and herderswho enter an
sown pastures unless they are fented.

e) Indiscriminate fires destroying standing herbage reserves.

In response to these constraints ILCA formulated the “fodder-bank” package.
forage legume fodder bank is defined as an “enclosed area of concentrated forage le
reserved for dry season supplementary grazing”.

Recommendations for establishing fodder banks can be summarised as follows:

a) Fence an area of about 4 ha and prepare the seedbed by confining cattle overr
the target area, or by grazing it for one to two weeks after seed broadcasting
harrowing where possible.

b) Broadcast scarified seed $fylosanthes hamatay Verano which was the only forage
legume of which seed was available in commercial quantities.

c) Control fast-growing grasses and other weeds by grazing early in the growing st
(two to five weeks after sowing) and defer further grazing until the dry season to ¢
the forage to bulk-up.

d) Graze pregnant and lactating cows at a stocking rate of about five head per he
depending on the forage supply, for 2.5 hours per day preferably after the cattle r
from grazing natural pastures. Ensure that sufficient seed drop and enough st
remains for regeneration in the next season.

1. The fodder-bank concept originated from participant observation and feedback from one pastorali
was settled in Kachia grazing reserve, Kurmin Biri. He started to cooperate with ILCA and national scie
in sowing stylo as a relay crop with his sorghum. It appeared that the pastoralist simply enjoyed wa
ILCA and government staff working on his plot thereby raising his status in his community. But at the «
of the next growing season he fenced off the previous year’s cropped area, to allow the stylo to regel
and shifted his cropping to another site. This action broke an old and firmly held myth that cattle o
would not be permitted to erect or maintain fences to protect pasture. Once the possibility of fencir
established guidelines were formulated for establishing and managing fodder banks.



Table 2. Costs of fodder banks compared with purchased cottonseed cake.

Fodder bank (kg/ha) Total
Total dry matter 4t/ha 16t
Grazable dry matter 50% 8t
Protein 9% 720 kg
1985 1989
Capital costi) 2502 6044
Recurrent costh) 498 1466
Cottonseed cake
Protein 720 kg
Required dry matter 30% 2400 kg
1985 1989
Capital costi) 0 0
Recurrent costM) 840 2064

1. Open-market price.
2. Inputs supplied by extension agency.

Source: ILCA records.

In 1980 the first two trial fodder banks were established; one near an arable far
community at Abet and the other in the Kachia grazing reserve near Kurmin Biri.
fodder banks were sited near the cattle owners’ homesteads for better supervisio
protection. Bush poles and branches cut from the vicinity were used to make bou
fences. Asthe major objective of the fodder bank was to provide protein supplement
the management practices were aimed at enhancing the legume component in the p:
This called for close monitoring of seedling growth and frequent visits by ILCA staf
interact with the owners. Daily milk offtake was recorded for each herd together
deaths, sales, purchases and births. During the cropping season all farming oper
other inputs and resulting crop yields were monitored.

Initially, ILCA ensured strict compliance with the guidelines it had set out
managing fodder banks. At the end of the growing season the biomass productio
forage quality were determined to set permissible stocking rates for the coming dry se
ILCA enumerators made sure that only lactating and pregnant cows were selected a
into the fodder bank when theyreturned from daily grazing.

When the farmers undertook to pay the fodder bank costs themselves theyinc
their own ideas and preferences. Some of their decisions were at variance wit|
guidelines:

a) Grazing fodder banks early in the growing season was unacceptable to the owne
feared worms would infest their animals from the dung that was deposited durir
prepare the seed-beds.

b) Some animalsdied or hadto be sold prematurelyat reduced pricesduringthe drys
The fodder-bank owners chose to counter this by grazing all their animals on the fc
banks instead of just the selected cows even though this reduced feed per hea
practice was less labour demanding since the tedious daily separation for grazi
fodder banks was avoided. The grazing frequency and duration was also changed
owners preferred to use the fodder banks early in the dry season when the feed
was high, while others preserved the bank as a last resort until the latter part of tt
season. Some owners believed that by grazing fodder banks early in the dry se
when the feed quality was best, the animals would be in better condition to withs
the stress of the dry season. Thg-anteanalysis did not anticipate forced sales b



ex-posftfinancial analysis confirmed that this was a wise policy especially in view of
owners short time horizons and high risk aversion.

c) Some large herd owners wanting fodder banks were discouraged because
prevailing common land tenure laws which made it difficult to acquireugh land.
Furthermore, the insecurity of land-use rights made them reluctant to invest in
except for short-term benefits such as cropping.

d) The inability to sustain legume dominance over several years frustrated some «
owners as the benefit of the fodder bank to their cattle began to decline.

Feed-back from adopters stimulated remedial research. Alternative land prepar
methods were substituted for kraaling so that the owners would agree to graze the |
banks early in the wet season without fear of worm infestations. The owners also w
to keep all the manure for their crop fields rather than for forage production. |
disease-tolerant and more competitive legume species were selected to suit dif
ecological niches within the subhumid zone. Nitrogen-demanding cereal crops
introduced in rotation with legume pastures to exploit and thereby reduce soil-nitr
levels, resulting in compatible opportunities for ley farming. Grain and fodder yield
maize planted after one to three years of stylo growth increased significantly compare
maize grown after bush fallow or cropped continuously (Table 1). This was attribute
increased soil nitrogen and better physical properties in the stylo pasture (Mohe
Saleem and Otsyina, 1986).

Impact analysis

Field situation

Twelve years ago the first fodder-bank trial was established in Nigeria. Therefore, it is
to start asking how far the innovation has spread and what its impact has been ¢
livestock enterprises of the target farmers. At least two major phases can be distingt
in the development and extension of the fodder-bank innovation — 1@8tbwhen the
Naira was at par with the US dollar and thereafter when its value rapidly declined.

As pressure for arable land increases, forage legumes can play a greater role
external input cropping systems by conserving soilligrand sustaining grain production.
Yet, in Nigeria the number of fodder banks has increased less than expected ar
prospects for adoption in other countries remains largely unexplored. There are s
reasons for this slow adoption rate. Interviews with fodder-bank owners showed tha
of extension was the most important reason, followed by inappropriate land tenure. |
agropastoralists who have large herds found the standard 4-ha fodder banks too s
feed their whole herd making it a poor investment.

Researchers’ view

The adoption rate of fodder banks will ultimately depend on how it matches adc
objectives. Some of these objectives are increased cow productivity and calf sur
increased total herd output and avoidance of distress sales; increased crop Vield
increased security of land tenure.

Recent developments in the Nigerian economy have had a significant impact on
the costs and supply of inputs and on livestock prices, affecting the pildfitabfodder
banks. Up to 1985, the exchange rate of the Naira made impopetsicheap and readily
available. After the introduction of the structural adjustment programme (SAP) in 1
the Naira was devalued manyfold to reach a levéd @0 per US$ in November 1992
Imported steel posts and galvanised sheep-proof fencing therefore became expens
short in supply.



In 1985 a fodder bank was costie@500 to establish ardd 500 aanually to maintain
(Table 2). By 1989 these costs had riseB8000 andN 1500, respectively, ihiputs were
purchased in the “open market”. The return on investment depends on whether pl
feed supplement is cheaper than the alternative of feeding cottonseed cake. Hov
SAP favoured cattle producers because prices ofimported animals, meat and dairy pr
have risen as the exchange rate fell. This suggests that fodder banks are reas
investments, even when only the impact of improved cattle productivity is taken
account. There are significant add-on benefits such as avoidance of distress sales;
without fodder banks usually have up to two salvage sales per year, while sales ¢
fodder-bank owners were negligible.

Future prospects

To aregion facing livestock feed deficits, the fodder-bank concept offers a self-help o
for producing good quality supplementary feed on a sustainable basis. Because pr
feed-improvement strategies were largely ineffective great care was taken to tailor fc
banks to producer circumstances. Inputs and management requirements for fodder
are simple and within the reach ofthe target group, while the potential benefitsto live:
production and to household income, can be substantial.

In Nigeria Verano stylo an8itylosanthes guianensig Cook were the primary specie:
used in fodder banks. Land suitability assessments using the FAO agro-ecological
model (Kassam et al, 1988) were carried out for Verano stylo-based fodder banks
West African countries, revealing a large potential for fodder banks. Even if a s
proportion of the suitable land were sown to stylo (e.g. 10%) large amounts of good-q
fodder would be added to the national feed budgets of these countries(Mohamed-S
and de Leeuw, pp. 317-323).

There is ample scope for fodder banks in the Nigerian subhumid zone. Assuming
4 ha is sufficient to provide supplemental forage for a typical 50-head herd, a total o
000 hectares is needed to cater for the estimatedilidnrhead of cattle resident in the
subhumid zone of Nigeria.

Since the proportion of cropped land in the zoneilsrstatively low, there are
sufficient fallows and natural pastures for grazing. It is argued that even with the thre
seasonal feed deficits livestock owners lack adequate incentives to grow for
(Mohamed-Saleem and de Leeuw, pp. 317-323). It is further argued that the conve
not necessarily true, because even when cropping density is high there are plenty c
residues available in the dry season, reducing the need for legume pastures.

The scientists, who have longer time-horizons, see the prospects for fodder bal
the subhumid zone in a different light. Given the rate at which cropping is increa
livestock mobility will be severely hampered forcing agropastoralists to settle. Farme
the zone are also investing in cattle and they are unlikely to move their livestock to di
areas in search of feed. These trends will create greater incentives for finding
renewable feed sources. Equally important is the linkage between cropping intensit
land degradation and the need for crop-free rest periods. Even at the highest le\
fertilisers, soils in the subhumid zones are fragile and rest periods are deemed esser
monitoring organic-matter content to sustain current productivity levels (Young
Wright, 1984). It is in this context that competitive and deep-rooting forage legumes
become more important in the future for use in well-balanced forage-crop rotati
systems. This trend may improve farmer-agropastoral relations because this potent
land improvement may encourage farmers — as the traditional “owners” — to a
agropastoralists access to land for fodder banks. Cultivation of part of the fodder ba
the farmer each year will raise crop yield®eagh to compensate for leasingthe land. The
are opportunities for good compromises that could meet the aspirations of both par
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Abstract

The potential of species of the gerfitglosantheas a source of livestock feed is knowr
Stylos are adapted to growth on soils lowin available phosphorus (P) and their introdt
has widely been shown to improve pasture and animal productivity in the seasonal
tropics.

Stylos have the capacity, unusual among pasture species, to produce herbage
concentration of nitrogen (N) adequate for animal production while simultaneously b
inadequate in P. Increases in nutrient content and productivity normally occur in resg
to phosphatic feitiser application. While herbage of 2% N or more can be produced ur
these circumstances, the field experience is that lower concentrations are more
obtained, especiallymarked in more mature and senescent material. This occurs frec
with deficient levels of P, and very low concentrations of sodium (Na) are the norm.
situation, combined with the overall observations of digestibility averaging between 5(
60%, with many being substantially lower, shows that the quality of stylo frequently ca
marginal for animal production.

Attention to management is required to maximise utilisation of the leaf fraction
higher quality and digestibility than stem, along with recognition of the poten
deficiencies of essential mineral nutrients. Clear benefits can accrue from incorpor
of stylo in fodder banks or cropping systems for both grazing and cut and carry husb
procedures.

Evaluation du Stylosanthes comme source d’aliment
complémentaire

Résumeé

L es potentialités des espéces du gétylmsantheen tant que source d'aliment du béta
sont bien connues. Elles scedaptées aux sols pauvres en phosphore (P) assimilabl
contribuent a améliorer les parcours et la productivité animale dans les régions tropic
notamment en saison séche.

Les espéces du gerBgylosanthesnt la faculté, rare parmi les plantes fourragéres, ¢
produire pour le bétail du foin riche en azote (N) mais pauvre en phosphore (P). Un a
d’engrais phosphatés améliore généralement la teneur en éléments nutritifs et la produc
Certes, on peut espérer produire dans ces circonstances du fourrage contenant jusqu'a
plus d'azote; dans la pratiqgue cependant, le taux d'azote est plus faible, notamment Ic
la plante est en phase de maturité ou de sénescence. Cela amive généralement avecles «
en phosphore étant entendu que les carences en sodium (Na) sont habituelles. Tol
ajouté a une digestibilité moyenne de 50 a 60%, souvent plus faible, montre bien que la



du fourrage destylosanthe®st généralement trop juste pour les besoins de la produc
animale.

La méthode de gestion doit permettre d'utiliser de préférence les feuilles, plus rick
plus digestibles que les tiges, sans perdre de vue les possibles carences en éléments
essentiels. Cela dit, lintroduction dstylosanthesdans les banques fourragéres ou le
systémes agraires permettra d'améliorer de maniére substantielle l'alimentation du bétai
les animaux se nourrissent directement au paturage ou soient alimentés a l'auge.

Introduction

The potential for increasing the productivity of grazing cattle by introdugtglgsanthes
speciesin pastures ofthe seasonallydrytropics has been thoroughlyestablishedin At
(Shaw, 1961) and South America (Alkamper and Schultze-Kraft, 1979). Likewise, U
Stylosanthedo improve the productivities of pastures, animals and crops has &
documented over a number of years in Nigeria (e.g. Agishi, 1971; Otchere, 1
Mohamed-Saleem and Suleiman, 1986). Dry-season access of Bunaji catt
Stylosanthedased fodder banks was shown by Otchere (1986) to produce signifi
increases in milk offtake (70%), calf growth (40%) and viability (30%), and by Ba986]
to reduce cow liveweight loss by 50%. That the basis of these improvements lies i
capacity of the legume to fix atmospheric nitrogen, and that the improved ar
productivity stems from the increased availability of higher quality feed, especiallyin te
of protein and digestible energy, require no further expansion here.

An assessment of the feeding value of stylo requires a clear understanding of the
in which the various attributes of the plant contribute to improved animal productivity c
and above that realised from the normally available herbage in the absence of the le
This will provide for a more critical focus of research programmes designed to opti
production from systems in which legumes are incorporated.

Animal productivity depends on the dietary supply of adequate quantities of esse
nutrients, and those recognised most widelyin the tropics as potentiallylimiting are er
nitrogen, phosphorus and sodium. Feed compaosition, voluntary intake, diif stitd
dietary selectivity all influence nutrient supply, and need to be considered to ensure
the most effective nutritional contribution from the legume can be obtained in which
feeding system it is to be employed.

Plant composition

Impaired animal production occurs when the diet contains less than 1% N (Milford
Minson, 1966), 0.12% P (Little, 1980) and 0.05% Na (Morrisand Gartner, 1971). The /
(1980) recommended that dietary nitrogerpsuir ratio should not exceed 14:1, so th
dietary S concentration should exceed 0.07%. These criteria very frequently are nc
by natural pastures in the tropics, especially during the dry season. N is usually the pi
limiting nutrient while dietary deficiencies of N and P normally occur together (Litt
1970). In this regard, Little (1968) showed unileséd S. humilisto be a most unusual
pasture species, containing a concentration of N adequate for animal nutrition and
inadequate level of P. This seems to be characteristic of many species of stylo (Little
1984), a feature probably related to the tolerance of this genus to low levels of ava
soil P that confers its advantage over many other legumes for such environments.

Several reports of the compaosition of various mature stylo species from pot and
experiments (reviewed by Little et al, 1984) showed mean concentrations of 1.9% N (I
1.3-2.5) and 0.09% P (0.04-0.16) in untreated herbage. Material that had rec
superphosphate at300 kg/ha revealed 2.1% N (1.3-3.0) and 0.12% P (0.07-0.20). |
(1974) studied several accessions eacB.dfumilis, S. hamata, S. guianensis, S. scabra



subsericeaandS. viscosdoy sampling whole plants at flowering in north-west Queensla
Australia, and found N content to average 1.7%—+2.2), while P contents lay mainly in
the range 0.07-0.10%. Howeves, hamatacv Verano andS. scabracv Seca “had

consistently low phosphorus levels, from 0.03 to 0.09%". These figures are all from m:
herbage; nutrient concentrations are generally highest in young material, but the d¢
with advancing maturity can be both substantial and veryrapid. Thus Fisher (1969) sh
the N content of both leaves and stemSohumilisto have virtually halved within four
months, while the same proportional reduction in P content, to 0.07%, occurred ir
weeks. These data confirm the observation that stylo species frequently can cc
sufficient N to meet animal requirements, but P very often will be deficient.

The application of superphosphate to stylo usually increases plant concentratic
N, P and sulphur (Shaw et 4866; Jones, 1968; Ritson et al, 1971). However, Fisher (19
observed lower nutrient concentrations following fertiliser application, due possibly
dilution effects consequent upon increased growth. Joh@#&4| presented detailec
analyses of herbage, including trace minerals, following very high rates of P fertiliser
multi-nutrient basal dressing, which showed Na to be the only nutrient not prese
adequate concentration for cattle nutrition.

Peters (1992) conducted a detailed study including two stralBsgofianensiandsS.
hamatacv Verano in the subhumid zone of Nigeria. He found that nitrogen conte
averaging 1.6-1.7% in the early dry season, rapidly decreaseauodat through the rest
of the dry season; P concentrations were always below 0.10% and Na concentration
always substantially less than 0.01%. On fodder banks in the same region, Mani (
obtained figures of 1-1.5% N andoamd 0.10% P during the dry season. Thus t
experience of stylo in thisregion is one of marginal N supply and deficient levels of P, v
is consistent with Australian results.

On the other hand, Harricharan and Morris (1988) examined two cultiva8s c
hamatain the Caribbean, and found CIAPR2 to contain 2.84% N and 0.13% P, and CIA
118 to have 1.63% N and 0.29% P. These cultivars contained, respectively, the lov
and N levels the researchers recorded in the 44 forage samples examined. It is the
clear that consideration of the effects of regional differences in soil type and clin
conditions isimportant in such comparisons. Further, rates of P uptake by stylo have
shown to be much lower when the source was rock phosphate rather than superpho
(Bryan and Andrew, 1971). It has also been shown that high soil Al can impair uptal
both P and calcium (CIAT, 1980).

Digestibility and intake

These characteristics are prime determinants of nutritive value and are posi
correlated, although not sufficiently so for predictive purposes. Plant age and chemici
morphological composition all exert an influence so that lower nutritive values gene
are associated with advancing plant maturity, low nutrient concentrations and |
proportions of leaf relative to stem.

A number of reports of digestibility and intake of stylos determined using sh
(reviewed by Little et al, 1984) revealed overall averages for dry-matter ditjgstb
approximately 50% (range 20-71), and 51 81‘/7<lboer day (range 17-73) for dry-matte
intake. One ofthe lower digestibility figures, 35%, was recorded from Nigeria by Brincki
(1974); alhough the material he examined contained 1.5% N, it was very mature at &
nine months. However, if one considers the reports for herbage less than six montt
the mean digestibility figure approximates 59%, and that of intake 60 g [9I\7/F7|@gr day,
illustrating the superiority ofgunger material. On the other hand, in subhumid Niger
Peters (1992)dund thein vitro digestibilities ofS. guianensiandS. hamatao average
50% or less throughout the dry season.



With reference to specific nutrient deficiencies, increases in voluntary intake
P-deficientS. humilishave been observed following P supplementation of cattle (Lit
1968; 1985) and sheep (Playne, 1969), but digéistivas unaffected (Playne1969).
However, marked increases in both digestibility and intake of S-defiegtianensis
accompanied supplementation with S (Hunter et@43).

The above studies involved the whole harvested plant, but grazing animals te
preferentially select leaf over stem. In Australia, Mclvor (1979) and Gardener et al (1€
reported then vitro digestibilities of separated plant parts and, respectiwind that of
leaves to be 64% and 68% while that of stems was 41% and 51%. These compar
closelywith similar studies in Malawi, where Lamboll (1982)1id thein vitro digestibilities
of leafand stem d8. guianensit be 60% and 51%, respectively. In Nigeria, Peters (19
also found then vitro digestibility of leaf to approximate 60% thrdumut the dry season,
but that of stem averaged less than 40%. The significance of these findings can be ¢
from the observation that the proportion of stem in four perennial stylos increased
20% in the wet season to 75% in the dry (Mclvor, 1979), and under grazing, values
96% have been recorded (Gardener, 1980). In ungrazed plots in Nigeria, Peters |
found that the 40% leaf proportion 8f hamataat the start of the dry season decreas
very rapidly to 5% by the mid-dry and to 2% by the end of the season, while compa
figures forS. guianensiapproximated 50, 25 and 10%. Litter of similar composition to t
whole plant accumulated to a much greater exters.imamatawhile this would be
harvested by grazing animals, it constitutes a serious loss for cut-and-carry systems.

Diet selection

Apart from the preference for leaf already mentioned, it is widely recognised that ea
the growing season grazing cattle select grass over legume, moving towards a prefe
for legume in the late wet and earlydry seasons (Hunter et al, 1978; CIAT, 1980; Garc
1980; McLean et al, 1981). Mani (1992) observed the diet of Bunaji cattle to contain
2% stylo during the early wet season on fodder bank, but variation in the bota
composition of selected material can be substantial. Thus Gardener (0980) diet

legume to vary from 2 to 94% during the wet season, and from 6 to 91% during the «

Variable effects have also been observed in response iliséerapplication. For
example, McLean et al (19819dnd an approximately fivefold increase in dietary legun
percentage (12 vs 58%) in response to a low level of superphosphate application th
undetectable in terms of forage N and P concentrations; the opposite tendency (30 v
was observed by Gardener et al (1982b). In the latter work a much higher lev
superphosphate input was employed( kg/halyr), but the reasons for the differet
degrees of legume selection have not been determined. While these diet selection
have been observed under grazing, Zemmelink (1980) demonstrated marked incre:
guality and quantity of voluntary intake of stylos and other legumes with increa
guantities of material offered in excess of consumption. These findings were obtain
the course of work related to the establishment of nutritive value, but clearly also
important implications in the context of cut-and-carry feeding systems. Of relevance
to cut-and-carry operations is the observation by several workers in various environt
that N and P contents of stylos increase in response to cutting during the growing s
(Hendy, 1971, Ive, 1974, Mufandaedza, 1976; Robertson et al, 1976puvilet al1981).

Assessment for the subhumid zone

In the fodder bank context, judicious grazing during the wet season, when cattle fz
grass, will help to reduce competition for the legume and so produce legume domir
for improved responses to dry-season grazing. It has been established also that im|
yields are obtained when these areas are subsequently cropped (Ta@94aJiand that



stylo intercropping has similar effects with the added advantage of providing better g
material for grazing after harvest (Mohamed-Saleem, 1986).

The evidence reviewed indicates that stylo can play a valuable role as a feed re:
of moderately good quality in relation to other material normally available. There is
potentialin the zone for improvement in the nutritive values so far observed. Further,
the provision of salt to livestock is widely practised, the role of phosphatic suppleme
worthy of further study, bearing in mind that these are unlikely to be utilised effecti
unless herbage N levels substantially exceeding 1% can be achieved (Little, 1970).

It is also apparent that close attention to stylo management is required if its pote
isto be realised. The possibilities of conserving stylo hayearlyin the dryseason to mir
leaf loss should be considered for maximising the quality of material available for t
feeding selected stock such as lactating cows, from which substantial returns c
expected. Increased N and P contents in response to cutting during the growing ¢
suggests that the possibility of introducing such a regime into smallholder dair
crop-livestock systems is worth investigating to maximise the benefits of the legum
both animal and crop production. This approach constitutes a significant aspect of IL
ongoing research programme in the subhumid zone.
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Abstract

The effect of forage legume supplementation on animals maintained on low-qt
roughage is mainly due to the high legume intake rather than to increased inta
digestibility of low-quality roughage. Strategies for pasture utilisation entail mak
changes in stocking rates and pasture size, thereby affecting DM yields and/or
composition. Studies on the impact of such changes are long-term especially when
with cattle. Results of experiments carried out with cattle in simulated farmer-man
grazing systems to investigate several factors including yield and utilisatior
Stylosanthebased improved pastures (fodder banks) are discussed in this paper.

Heifers supplemented on fodder banks during the dry season maintained h
(p<0.001) live weights over a three-year period than those on natural savannah.
season supplementation did not affect average-weight changes due to compensatol
by the non-supplemented groups during the wet season.

A computer modelling approach (GRAZFEED) was adopted to assess pos
responses of cattle exposed to improved pastures of different quality. The model indi
that the intake of undegraded dietary protein (UDP) by cattle was limited by the lowqt
of the pasture even when additional urea—molasses blocks were fed. Intake and live:
gain could be improved when better grazing was provided.

Stratégies de pature et de mise en valeur des
parcours a base de Stylosanthes en vue de la
production bovine

Résumé

L'effet de la complémentation d'un fourrage de qualité médiocre avec du foir
légumineuse fourragére est essentiellement di a la forte consommation de ce demielr
gu'a une ingestion et a une digestibilité accrues dudit fourrage. L utilisation rationnelle
paturages passe par l'adoption de stratégies permettant de modifier la chargeili¢ ldes
parcours et partant la quantité et/ou la qualité de matiére séche produite. L 'effet de
changements ne peut s’étudier que sur une longue période de temps, notamment lors
affaire a des bovins. Cet atticle présente les résultats d'essais effectués sur des bovir
simulation de la gestion paysanne, essais dans lesquels plusieurs paramétres ont été



y compris la production et l'utilisation de parcours améliorés a bastylesanthegbanques
foumrageres).

Des génisses dont l'alimentation était complémentée en saison seche pendant tr
a partird'une banque fourragére maintenaient des poids vifs plus élevés (P<0,001) que
élevées sur des parcours de savane naturelle. Cependant, cette complémentation de
seche n’entrainait pas d’augmentations significativement plus élevées du poids danslar
ou les animaux du lot ttmoin enregistraient une croissance compensatrice au cours
saison humide.

Un logiciel de modélisation appelé GRAZFEED a été utilisé pour évalue
comportement de bovins ayant accés a des parcours améliorés de qualités diverses. Il
des résultats enregistrés que les animaux consommaient moins de protéines brutes loi
fourrage était de qualité médiocre et ce, méme lorsqu’on leur apportait en plus un conc
mélasse-urée. Enfin, un paturage de meilleure qualité pourmrait permettre d’augment
consommation et les gains de poids vifs.

Introduction

Previousinvestigations with sheep have shown that the improved performance from f
legume supplementation could be attributed more to high legume intake than to incr
intake or digestibility of low quality roughage (Dixon etE91). Restricting access to the
legume supplement was a practical method of rationing supplements.

The effect of forage legume supplement on animals maintained on low qu
roughage is partly due to substitution of the low quality roughage with the forage leg
as was noted in sheep supplemented Weghcaena leucocepha(@heva-lsarakul, 1988)
or with lucerne Medicago sativa (Mani, 1992). Similar substitution effects have bee
reported in cattle fed eucaena leucocephatyyMoran et al (1983) and stylo (Mani, 1992)

Developing strategies for pasture utilisation entails making changes in stocking r
pasture size, yields and/or their composition. Studies on the impact of combining
changes are long-term especially when done with cattle. A modelling approach c:
adopted to simulate different management conditions involving changes in pasture
composition and the nutritional quality of supplementary feeds.

The studies reported here investigated several factors including yield and utilis
of stylo fodder banks and natural (native) pastures by cattle. The hypothesistested w
performance of cattle fed fibrous basal feeds and supplemented with forage legumes
the dry season could further be enhanced when additional non-protein nitrogen (I
was fed through urea—molasses blocks.

Materials and methods

The study was conducted at the Idon Cattle Breeding Ranch (10°10’ N, 7°55’ E) whi
part of the Kachia Grazing Reserve, 100 km south-east of Kaduna, Nigeria. The a
part of approximately 32 000 ha of rangeland reserved by the government for se
pastoralists. It is approximately 731 m above sea level witmanoa rainfall ofL000—1500
mm, most of which falls between April and October.

Herbage yield and botanical composition

Two 20-hectare paddocks of natural tree savannah were sub-divided into four five-he
paddocks each. One 20-hectare paddock was preserved as natural pasture for us
dry season and the other was converted into a fodder bank in 1986 by sowing with a ir
(3:1) ofStylosanthes hamata Verano an&tylosanthes guianensig Cook and managed
according to the guidelines for establishing fodder banks (Otsyina et al, 1987).



Before samples were cut on transects using a 6.5uadrat, a visual estimate wa
made of the herbage cover, and each species identified. The frequency of occurre
the species was converted to density by the method described by Stoddart et al (197
Tothill (1982). Allherbage within the quadrat wasthen cut at five centimetres almonedgr
and separated into stylo; grass and herbs, the fresh weight of each component wasre
This procedure was followed during the 1988, 1989 and 1990 dry-season trials.
BOTANAL (Tothillet al,1978) method of pasture evaluation was adopted during the 1
trial using the same 0.52m|uadrat thrown at random.

Herbage samples

After cutting the forage, samples were air-dried in the field. Samples from each pac
were mixed, sub-sampled, dried at 100°C for dry-matter (DM) determination to calct
dry-herbage yield. Samples for chemical analyses were dried af@02@ hours, rifled
through a 1-mm screen and analysed following standard procedures (Goering an
Soest, 1970; AOAC, 1979).

Treatments and animal management

One hundredX00) open Bunaji heifers (average weight 205 SD 7 kg) were allocate
random to five groups of 20. Each group was allocated at random to one of the follc
treatments: (1) solely grazed on natural range (G); (2) supplemented by having acc
leguminous fodder bank only (GL); (3) preserved natural pasture that remained ung
during the rainy season (GNP); (4) preserved natural pasture and urea—molasses
(GUM); (5) leguminous fodder bank and urea—molasses blocks (GLM). The trial stz
in January 1988 and continued for three dry seasons (Januaryto May) up to 1991.

Each treatment group was herded by one herdsmen, who rotated among
fortnightly. Grazing was carried out for nine houd8@0 to 1700). The preserved natur:
pasture or fodder bank were grazed at an estimated stocking rate of two tropical live
units (TLU) per hectare over 14 days by each group of heifers grazing on a five-he
paddock at a time. Thus, each group was moved to the next paddock in sequenc
fortnight. All animals grazed the natural range from morning to noon, when they \
watered from a dam. Thereafter, groups 2 and 5 were put onto the fodder bank, gre
and 4 to preserved natural pasture and group 1 returned to the natural range. The
watered again at 1700. Mineral salt blocks were made ava#ablibitum at night to all
the groups. The urea-molasses blocks were offaddbitum during the night to the two
groups GUM and GLM (groups 4 and 5).

At the end of each dry season in May, the animals were regrouped into two herd
grazed only on natural range with mineral salt blocks as supplement. Each animal re
to its previous treatment group in the second week of December for a two-week adap
period before being put on its proper treatment in early January.

Whilst on the commonly shared range the heifers were herded with breeding bull
round throughout the duration of the study. All animals were dipped in acaricide solt
weekly during wet seasons and fortnightly during dry seasons. They were dewormec
anthelmintics at the onset, middle and end of each wet season and vaccinated al
against contagious bovine pleuropneumonia (CBPP), anthrax and blackquarter. Ar
were weighed fortnightly throughout the year.

Results
Herbage yield and chemical composition

Two paddocks in the preserved natural pasture were completely burnt by accident ir
and partially burnt during the 1989 trial period. Table 1 shows the DM vyield and bota



Table 1. Average dry-matter (DM) yield (t/ha) and composition (%) of fodder bank and prese
natural pasture during the dry season.

Type of pasture

Fodder bank Natural pasture
Month Yield Composition(%) Yield Composition(%)
(t DM/ha) Stylo Grass Herbs t DM/ha) Grass Forbs
Jan '88 3.1 40 38 22 2.2 90 10
May ‘88 2.2 15 53 31 1.0 70 30
Jan '89 3.9 55 33 13 1.9 84 16
May 89 1.7 11 66 23 1.2 55 45
Jan 90 7.0 53 34 13 2.2 87 13
May 90 2.9 13 65 22 19 79 21
Jan 91 6.4 57 42 1 1.8 96 4
May 91 2.9 30 67 3 1.1 98 2

composition of the fodder bank and the preserved natural pastures. Since the re
natural pasture was not treated or cultivated in anywaythe composition and herbage
were assumed to be comparable to those of the natural range.

At the beginning of each trial the fodder banks were rated as good according t
criteria of Otsyina et al (1987), except in the first year (1988) when stylo content wa:
than 50% (Table 1). The four-year average DM yield at the onset of the trial was 5
2 t/ha for the fodder bank and 2 (SD) 0.6 t/ha for the natural range; yields were rec
to 2 SD 0.6 t/ha and 1 (SD) 0.4 t/ha, respectively, at the end of the grazing in May
average proportion of the stylo in the fodder bank declined from the 51 (SD) 7% &
start of the trial to 17 (SD) 9% at the end. Conversely, the proportion of the grasse
herbs increased by the late dry season and comprised the bulk of the available
(Table 1).

It was assumed that only 50% of the herbage (Table 1) was effectively unavailak
stock due to trampling, faecal contamination and other associated grazing effects
herbage yield during the first year (1988) was estimatedpplg 2.0 kg/TLU daily over
the 151-day grazing period (January—May) for animals on the fodder bank and pres
natural pasture. In subsequent years, animals on the fodder bank had increased s
due to declining animal numbers while those on reserved natural pasture had acc
about 1-2 kg/day available feed (Table 2).

Table 2. Stocking rates and estimated feed availability in supplem erddgef banks and reservec
pastures, 1988-90.

Fodder banks Pasture
Stocking rate 1988 1989 1990 1988 1989 1990
Head/ha 1.80 0.95 0.40 1.80 1.10 0.70
(Head/group) (33) (10) (3) (36) (22) (14)
Herbage allowance
kg/hd 11 14 58 8 12 10

Feed kg/hd per d&y 1.7 7.7 425 2.2 2.1 1.4
Gains/halyear 20 25 46 2 13 50

The two groups each grazed 20 ha of land for 150 days.

1. Herbage allowance in total herbage in January (see Table 1) divided by the number of grazing days (
of cattle).

2. Feed per day is calculated as the DM disappearance (see Table 1) x 50% divided by the number of
days.



The average chemical composition of grass, stylo and herbsin the two pasturesis
in Table 3. Values are given for January, March and May to represent the forage g
at the beginning, middle and end of the dry season grazing period, respectively. The
protein (CP) content of the grasses was critically low in both the fodder bank and ne
pasture atthe end of the dryseason grazing period. The stylo and herbs had highern
(N) content than the grasses throughout the dry season, while the lignin content of
was higher than in grass but lower than in herbs.

Table 3. Chemical composition (g/lkg DM) of pasture components.

Species Month CP NDF ADF Lignin Ash
Fodder bank
Grass Jan 38 674 424 62 94
Mar 37 745 470 75 86
May 117 741 470 103 136
Stylo Jan 110 627 537 128 54
Mar 90 722 614 152 40
May 147 707 604 161 65
Herbs Jan 88 486 605 236 95
Mar 181 580 482 215 69
May 165 653 614 314 109
Natural pasture
Grass Jan 26 727 450 70 86
Mar 32 720 463 77 98
May 98 742 461 92 129
Herbs Jan 91 492 417 161 104
Mar 178 613 521 262 43
May 160 633 581 314 94

CP = Crude protein; NDF = Neutral-detergent fibre; ADF = Acid-detergent fibre.

Animal weight changes

Animals supplemented on the fodder banks (GL and GLM) performed bestq®s 0
over the duration of the experiment (Figure 1). However, heifers in all five groups
weight during each dry season (Januaryto May) and gained weight between May ant
The heifers in the GLM and GL groups were heavier (P81).in each month in 1988
and 1989 after which most of them became pregnamtuating for a declining number of
animals over time (Table 2). However, their average animal weight gains in the two"
were not significantly different from the other groups (Figure 1). Animals supplemet
on the preserved natural pasture (GNP) had a net weight loss of 14 kg during the firs
but gained 17 kg during the second year (Table 4).

The GRAZFEED model

Dry, non-pregnant Brahman cows weighR2@p kg at the age of 48 months were select
in the GRAZFEED program as the model class of animals to be supplemented.
treatment groups were tested. Those grazed on open range only (G); those suppler
with urea—molasses block (GUM); and those supplemented with fodder bank alone |
and with additional urea—molasses block (GLM). Since simulations were for the dry-se
supplementation only, weather effects on intake or energy expenditure were
considered. Also, the slope was set at one as the multiplier used in GRAZFEED fc
ground.



Figure 1. Average weight (kg) of Bunaji cows supplemented on fodder bank with or wit
urea-molasses block (1987—9'1).
Liveweight
(kg)
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Table 4. Three-monthly weight changes in the five treatment groups in 198 andlachanges it983
and 1989, kg/head.

Year

Treatment Jan-Mar Apr-Jan Jul-Sep Oct-Dec 1988 1989
1) Control(G) -25 + 32 +7 + 7 21 27
2) Fodder bank(GL) =20 + 36 5 + 4 15 34
3) Preserved pasture (GNP) -47 + 29 +9 -5 =14 17
4) GNP + UM block (GUM)  —22 + 39 +8 -7 18 8
5) GL + UM block (GLUM)  -19 + 32 -5 + 17 25 15

Mean =27 34 3 3 13 20
Average daily weight
change (g/d) =30 370 31 35 36 55

The average DM yields obtained from the fodder bank (5.1 t/ha) and natural pa
(2.0 t/ha) were used in the model. The natural pasture was assumed to have 1009
herbage (DH) with a DM digestibility &20 g/kg. The fodder bank was assessed with gre
herbage (GH) fractions of 33 to 50% and a stylo content of 40-60% of the total. The



digestibility of the GH was assumed to&@0—750 g/kg while that of the dead herbage w
520 g/kg. These were the values for the average DM disappearance from nylon bags
stylo andA. gayanu®obtained over 48 hours of incubation in the rumen of heifers gra
in the GL and GLM groups (Manl,992). Values for the urea—molasses blocks were ¢
g/kg DM, 750 g/kg digestibty, 8.5% N content (with 700 g/kg digestibility) anc
metabolisable energy content of 11.6 MJ/kg. Six levels (0, 0.2, 0.3 0.6, 1.2 and 2.4 kg
per day) of intakes of the urea—molasses block were compared, based on the ra
intakes of these blocks observed at various times in a complementary study (Mani, :
A summary of the results of the runs is shown in Table 5.

Table 5. Response of cattle to different combinations of natural pastureoaltf-bank grazing with
urea—molasses block supplementation usingthe GRAZFEED program.

Pasture DM Estimated DMI UDP
(t/ha) Stylo (kg/day) ADG Def

TRT GH  DH ») pasre ums (@  (9day)
Field data
Native pasture only
G - 2.0 0 2.6 0.0 -830 -162
GUM - 2.0 0 25 0.2 -690 -136
GUM - 2.0 0 25 0.3 —-620 -124
GUM - 2.0 0 2.4 0.6 -400 -86
GUM - 2.0 0 2.1 1.2 20 -
GUM - 2.0 0 1.7 24 180 218 (L)
Fodder bank with 50%stylo
GL 1.7 3.4 50 3.6 0.0 -190 -91
GLM 1.7 34 50 35 0.2 -50 -57
GLM 1.7 3.4 50 3.4 0.3 -20 -39
GLM 1.7 34 50 33 0.6 190 39
Fodder bank projections
(40% stylo; 75% green)
GL 3.8 1.3 40 3.8 0.0 50 =71
GLM 3.8 1.3 40 3.8 0.2 90 —62 (L)
(50% stylo; 75% green)
GL 3.8 1.3 50 3.8 0.0 50 =71
GLM 3.8 1.3 50 3.8 0.2 90 -52 (L)
(60% stylo; 75% green)
GL 3.8 1.3 60 3.9 0.0 160 -51
GLM 3.8 1.3 60 3.9 0.2 190 —42 (L)

DMI = Dry-matter intake; GH = Green herbage; DH = Dead herbage; UMB = Urea—molasses block; .
= Average daily gain; Stylo % = Stylo content in pasture; UDP Def = Deficiency of undegraded di
protein.

(L) = Limit : level of intake urea—molasses block at which pasture intake and weight gain were maximise

The required daily DM intake of forage by the cows was estimated at 3.9 kg/he:
the program. Animals on the open range (G) and those supplemented with urea—mc



block (GUM) were estimated to consume only 1.7 to 2.6 kg daily. High intake was reco
in the non-supplemented animals compared to those supplemented with the urea-m
block which depressed DM intake from pasture. Animals on the fodder bank (GL)
had slightly higher forage intakes than those fed additional urea—molasses block (G
The required daily forage intake was achieved only when the fodder bank containec
green herbage with 60% stylo (Table 5). There was no difference in forage intake bef
the GL and GLM groups at that proportion. When the stylo content of the fodder
was 40-60%, the benefit of feeding additional urea—molasses block was limited at a
intake of 200 g/head.

The model showed liveweight losses of 400-830 g/head per day in dry cows ol
range and natural pasture up to a level of daily urea—molasses block intake of 600 g
Thiswas greater than the range of daily liveweight loss of 210-520 g recorded in the g
experiment in 1988 (Table 4). The liveweight loss of 190 g/dayin the GL changed to &
of 160 g/day as the green herbage and stylo content of the fodder bank increased. |
liveweight loss (220 g/d) was recorded in the grazed animals than was predicted bythe
for the GL and GLM group (Table 4).

The GRAZFEED program showed that cow performance was limited by the
concentration of protein in the diet such that cows were eating insufficient undegra
protein to meet their estimated needs (Table 5). Because no ration fully mei
undegraded dietary protein (UDP) requirements of the animals, an upper limit to ful
response to supplementation was reached. Thus, the composition of the pasture |
further intake and high levels of urea-molasses block consumption further depresse
intake of forage from the pasture. At all stages of the runsthe program recommende
the animals be moved to better pastures.

Discussion

Herbage yield and botanical composition

The DM vyields of the fodder bank were within the range of 5-10 t/ha recordet
Mohamed-Saleem and Suleiman (1986) in other fodder banks, but contained less sty
a lower CP content. This was because pasture assessment began in January, three
later than in their study.

Stocking rate and grazing intensity are amongst the factors which influence pa
regeneration and botanical composition. Fodder banks grazed by cattle at 2 TLU/he
been shown to maintain a legume composition from 40 to 57% over a three-year p
(Table 1). Cattle are usually allowed to graze the fodder banks for only two to three |
daily (Mohamed-Saleem, 1986; Mani et al, 1987). The rapid decline of stylo during th
season indicated heavy use because the cattle depended on the stylo as their mair
of protein since the grass component was lowin N.

Liveweight changes

The pattern of liveweight change was similar to that found on rangelands in monsc
Australia and southern USA (Norman, 1966; Duvall and Hansard, 1967; Coates
tMannetje, 1990) and in West African savannahs (de Leeuw and Agishi, 1978; Diarre
Bosma, 1988). The rapid liveweight loss between March and April in all years (Figur
was possibly due to the reduction in gut contents (McLean et al, 1983). The
compensatory liveweight gain during the early part of the rainy season (May-July) \
green forage with a higher N content and digestibility became available (Sdi@&%a)
may partially be due to increased gut fill. A similar “flush” effect has been reporte:
northern Queensland (Winks et al, 1983).



The net weight gain during the first year of supplementatl®r-25 kg) in this study
was lower than the 30 kg and 66 kg obtained by Haggar (1971) with Bunaji |
supplemented daily with 0.23 kg of whole cottonseed. Higher net gains of 98 kg by B
cattle on stylo pasture were reported by Agishi (1983); these pastures had higher DM
but more importantly, the animals had access day and night instead of the restricted
used in this study.

The poor performance of animals on the preserved natural pasture was attribu
low availability of forage (Table 2) and demonstrated that urea—molaggelse mentation
alone did not prevent liveweight losses. Because parts of the preserved natural pastt
the adjacent open range were inadvertently burnt, feed shortages were further aggr
in 1988 and 1989.

The GRAZFEED simulation

The GRAZFEED simulation confirmed the nutritional limitations of the natural past
and showed that there was no advantage to feeding additional urea-molasses blc
animals with access to good-quality fodder banks containing 75% green herbage. /
same time, it over-estimated losses of stock grazing only natural pastures.

The levels of UDP deficit shown in the model indicate that other forms of supplen
need to be fed. This is because, even at 75% green herbage content with 60% stylo
was stilla UDP deficit. However, this program was developed with Australian breeds, \
in the Nigerian environment, the basal metabolic rate of the Bunaji cattle might be |
than that for Brahman cattle due to inherent genetic differences (Frisch and Vercoe,
van der Merwe and van Rooyen, 1979), and adaptation to prolonged undernutrition.
the feed requirement of zebu cattle for maintenance and production might be lower

Conclusion

Although restricted forage legume grazing did not prevent liveweight losses, the losse:
lowest in the treatment groups on fodder banks with and without urea—molasses b
There was no significant advantage in feeding urea—molasses blocks to animals on
banks. The group supplemented on preserved natural pasture had the lowest perfor
because these animals had access to less feed than both the control animals on fre
and those on fodder banks.

An assessment with the GRAZFEED program gave similar results and indicatec
higher weight gains can be obtained from the fodder banks that have higher green he
content even at the current level of DM vyield. This implies that it might be possibl
derive more benefit from the fodder banks when theyare grazed during or towards th
of the wet season. The potential benefit of such a strategy has been demonstrate
goats (lkwuegbu et al, pp. 167-174). A grazing experiment with Bunaji heifers is curr
being conducted to validate the results of the GRAZFEED simulation. The conseque
of such a strategy on the persistence of the forage legume, changes in the bot
composition of the fodder bank and input requirements need to be studied.
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Sustaining a crop-livestock farming system in
the subhumid zone of Nigeria by matching feed
from improved Stylosanthes -based pastures
and livestock production

O.A. Ikwuegbu, G. Tarawali and P. lji

Intemational Livestock Centre for Africa (ILCA)
P.M.B. 2248, Kaduna, Nigeria

Abstract

Experiments were designed to study the relationships amongst stocking rate, grov
West African Dwarf goats, pasture dry matter (DM) yield and botanical compaosition
crop vields planted after fallows and legume pastures. Does aged about 18 month:
allocated to four stocking rates (SR) of 4, 6, 8 and 10 does/paddock (0.14 ha)
randomised block design replicated five times. Animals were weighed every two we
The grazing trial lasted for 14 weeks.

Grain yields in 1991 from plots sown &iylosanthes 1990 and longer-term natura
pasture were 224506 and 1654250, 1533 444 and 1476339, 724 375 and 475194
kg/ha for maize, sorghum and millet, respectively. A similar trend was observed for res
from these crops. At the end of the trial does on SR 4 were significantly heavier (P<
than those on SR 10. Liveweight increases per unit area ranged from 81 to 108 kg/t
suggested that under on-station conditions SR 8 (57 does/ha) was optimum. Kids fron
at SR 4 were significantly heavier (P<0.05) up to 90 days of age and twin kids
significantly (P< 0.05) lighter than singles. At SR 10, pasture DM availability lasted for «
14 weeks. There is evidence that crop and livestock production can complemen
another in smallholder systems.

Stabilisation d’'un systeme mixte dans la zone

subhumide du Nigéria par 'adaptation de la

production des parcours améliorés a base de
Stylosanthes aux besoins des animaux d’élevage

Résumé

Des expériences ont été effectuées pour étudier la relation entre le taux de chal
croissance de la chévre naine d’Afrique de I'Ouest, la teneur en matiére séche du foun
la composition botanique des parcours et les rendements des cultures mises en place a|
jachéres et des paturages a légumineuses. Des chévres agées d’environ 18 mois ont été
en quatre groupes avec des taux de charge de 4, 6, 8 et 10 animaux par parcelle de (
selon un plan a bloc aléatoire complet comprenant cing répétitions. L es animaux étaient
toutes les deux semaines et 'expérience de pature a duré quatorze semaines.

En 1991, les rendements des céréales seméessagiesanthesultivé en 1990 ou apres
une prairie naturelle de longue durée étaient respectivement de BPé%t 1654 250 kg/ha
pourle mais, 1538444 et 1476 339 kg/ha pourle sorgho et 72875 et 47% 194 kg/ha pour
le mil. La méme tendance avait été observée en ce qui conceme les résidus de ces réc



la fin de l'essai, les animaux élevés a 4 par parcelle avaient un poids supérieur (P<O0,
ceux des chevres élevées a 10 par parcelle. Le poids vif augmentait de 81 a 108 kg/ha
signifie qu’en station la charge optimum était de 8 animaux par parcelle (57 chévres
Jusqu’a I'age de 90 jours, le poids des chevreaux nés de méres élevées a 4 par parce
significativement supérieur (P<0,05) a celui des autres petits. Quant au poids des jum
il était significativement inférieur (P<0,05) a celui des petits issus de naissances simpl
la charge de 10 animaux par parcelle, le disponible en matiére séche du parcours n‘avai
gue quatorze semaines. Les résultats de cette étude montrent que l'agriculture et I'é
peuvent se compléter mutuellement dans les petites exploitations.

Introduction

Crop farmers in the subhumid zone of Nigeria traditionally leave land fallow to al
vegetative material to recycle nutrients and restore soil fertiliopf¥ and Wright1984).
Increasing pressure on land from a rising human population is reducing the length «
fallow period, therefore with limited fertiliser application, crop yields are decreasing
the environment may be degrading. Nitrogen (N) accruing in the soil after three to
years of fallow enriched tylosanthescreased grain yields of maize (Mohamed-Salee
and Otsyina, 1986) and achaigjtaria exilis). In addition, the residual N in the soil can b
exploited through reduced N requirement for subsequent crops (Tarawali and F
1992). Improved soil structure madkage easier thus reducing the aomt of farm work.
These benefits encouraged the incorporation of forage legume into the farming syste
farmers are increasingly adopting legume-enriched fallows.

Small ruminants, pigs, poultry and sometimes cattle are common componer
smallholder farming systems. Because malnutrition remains a major constraint to a
production (Kapu, 1975; Mohamed-Saleem, 1986; Mani et al, 1987) anfnw-fodder
bank package for dry season feeding of livestock has been developed (Mohamed-S
and Suleiman, 1986). However, the cost of inputs and securing land right
agropastorialists have partly contributed to low adoption rate of this package (See A
et al, pp. 311-316).

Small ruminants, (particularly goats), experience feed stressin the wet season (A
to October) because they need to be tethered to prevent crop damage. However
West African Dwarf (WAD) goats grazeltylosantheer natural pasture in the wet seaso
weight losses were reduced (ILCA, 1988; ILCA, 1991). Performance of goats variec
to differences in the size of farmers’ plots and flocks, pasture yield and botal
composition and in management systems. Some farmers grazed fodder banksin one:
natural pasture in the next when the land was cropped, or provided limited supplemen
from cut-and-carry feed.

It appeared desirable to investigate the effects of stocking rate, pasture dry n
yield and botanical composition on goat performance. This information may a
resource-poor farmers to produce crop and livestock products more economically.

Materials and methods

Site

This study was carried out at Abet (90°40' N, 8° 0’ E) in Kaduna State, 250 km sou!
Kaduna town. The average rainfall is 1300 mm, 95% of which falls between April
October. The trial area was established on acidic Lithosols, containing 0.36% or
matter, 0.086% nitrogen, 1.8 ppm available pttosus (P) and 0.13 md@0 g of
potassium (K) (Mohamed-Saleem and Otsyina, 1986).



Pasture establishment and evaluation

Ten hectaresof Verano stylo pastureswere establishedin 1990using proceduresdescribed
by Otsyinaet al (1987. A seedrate of 12 kglhawasused and 150kg single superphosphate
(SPP/hawere applied. The pasture wastop-dressed in 1991with 100kg SS/ha and was
grazed by cattle at thebeginning of thewet season to praluce alegume- dominart pasture.

The pasture was divided into 20 paddocksof 0.42 haeach. Herbage yield wasmeasured by
clipping 0.25 nt quadrats thrown at random in each paddock in five replicates. These
samples were weighed, hand-separated into stylo, grasses and forbs, dried to constant
weight in a convection oven at60°C, mill ed to passthrough al-mm sieve in ahammer-mill

and stored in airtight containers for chemical andyss. Material in 1-m? enclosures
protected from grazingwassampled separatelyat theend of the tiial todetermine urgrazed
DM vyields.

Cereal cropping experiments

Each 0.42 ha paldock was divided into three equal sub-paddocksof 0.14ha Oneportion
was left asstylo pasture and the other two were cropped with a maize/sorghum inter-crop
and sle mill et, respectively. The maize/sorghum mixture wasplanted in May/June 1991on
ridges 30 cm high ard spaced 1 m apart Thein-row distance between plants was 20 cm
and 60kg of each of N, P ard K were appied. Thenitrogen wasapgiedin two split doses.
Weedingwith atraditional hoewascarried outat planting and six weeks after sowing. The
mill et wastransplanted in Augustand the crop wasfertilised like the other crops.However,
snce thiscereal wasplanted later in thewet season, it wasweeded only once. The spacing
between gands of the aop was 30 cmin rows 1 mapart.

Similar paldocks (without stylo) were dso constructed in the naturbfallow area as
contras. Onepartwasstocked atfourdoes/paddock and two paddockswere again cropped
with the same cerealsasin thelegume plots. At theend of thegrowing season cropswere
harvested and grain and crop-residue yield determined. The maize was harvested in
October and the orghum and mill et in December.

Animal management and experimental design

Onehundred and forty West AfricanDwarf (WAD) does and 20 breeding bucks aged 15
to 18 months were purchased, tagged and quarantined for three months. They were
vaccinated againgt peste de petts ruminants (PPR), routinely treated against ecto- and
endoparadtes, provided with shelter on their plots and given salt and water ad libitum.

Animalsweighed 16.6 + 2.58 (mean + SE) kg at thebeginning of thetrial. Thefourstocking

rates of 4, 6, 8 and 10 does/paddock (corresponding to 1.90, 2.86, 3.86 and 4.71 TLU/ha)
were laid out in acompletely randomised block with five replicates. Animals were divided

through stratified random allocation to treatments. All animals grazed legume pasturefor
about onemonth before being put on trial. Buckswere pu into each paldock in August
1991 rotated among paddocks and were removed after six weeks. After 14 weeks (from
early August to late November 1991)the plots were destocked to one half of the initial

stocking rate and the experiment continued for another 16 weeks until mid-March 1992.
Animalswere weighed atfortnightly intervalsusng harging scales. Birth weightsand type,

birth datesand deathswere recorded.

Statistical analysis

Data were analysed using the GLM procedure of SAS(1987. The experimental unit was
the paddock. The effects in the model were pddock (blocks) and treatment (stocking
rates). The otter effects(liveweights, sexand type d birth) were factorially combined with
treatment without interactions. All other effects were tested against the overall model



residual. Pregnant animalswere excluded from the analysis. For doesthat kidded between
December 1991 and February 1992 reproductive responses were calculated using a
gestation period of 150+ 5.0 days. Kidswhich remained in the paddockswere included for
computing growth rates from birth to weaning at 120days.

Results

Pasture productivity

Before introducing the anmals in August vyields of stylo pasture averaged 2.9+00.6 t/ha
and 269+ 0.65t/hafor fallows. At the onsetof the dry season in D ecember, yieldsdecreased
from 29 at four does/plot to 1.6 t/ha for 10 doeg/plot (Table 1). The fallow with four
does/plot produced 2.52 + 0.11t/ha. Average productivity of stylo enclosuresmeasured in
D ecember was 5.6 t/lha compared with 7.4 t/hain the fallows.

Tablel. Effed of stocking rate on pasture DM yield (t/ha) 1and botanical composition (%) at the
begnning (August) and end (November) of thetrial.

Stocking rate DM vyield Stylo Grasses Forbs
(does/paddock) Before  After Before  After Before  After Before After
Fallow 2.69 2.52 - - 73 87 27 13

4 2.62 2.89 56 67 26 27 18 6

6 2.59 2.28 54 67 27 23 19 10

8 2.86 2.06 66 66 22 24 12 10

10 2.29 1.65 64 71 16 17 20 12

SEM? 0.093  0.209 29 11 229 290 54 27

1. Thefiguresrefer to pature compostion beore and &er grazing.
2. Standard error bthe mean.

Grain and crop residue yields

Grain yields of mill et, maize and orghum inside the Stylosanthes pasture were 50%, 36%
and 4% higher, respectively, than th@e of crops grown in natur# fallow. Totd feed
resourcesof crop resduesand volunte er herbage after the grain harvest varied from 4.5-4.8
t DM/hafor sorghum/maize and 3.1-37 t DM/ha for mill et. Due to the low canopy cover
of mill et, volunteer herbage wasmore prominent. Previoustreatmentshad little effect on
total feed in contrast to that ongrain (Table 2).

Animal productivity

Mean liveweight changesin the tratmentgroupsat theend of the 14-week grazing trial
were different (P< 0.05). On the highest SR the available feed was barely sufficient to
maintain body weight (Figure 1). The increased weightstowardsthe end of the trial were
attributed to foetal growth following conception. Net liveweight increases ranged from 81
to 109kg/haacross SR (Table 3.

Table 4 showsthe live weightsof WAD kidsfrom birth to 150days. Stocking rate and
birth type sigificantly affected birth weight and live weight (P< 0.05) at these ages. The
litter size of doeson SR 4 was higher than onSR 10; 64% of kiddingson SR 4 were twins
as ompared to 41% in SR 10.



Table 2. Grain, residue and herbage yields of crops grown on previous stylo pasture and old fallc

Maize Sorghum Millet
Parameters Stylo Fallow Stylo Fallow Stylo Fallow
Grain kg/ha 2245 1654 1533 1476 724 475
(606)"  (250) (444) (389) (375) (194)

Residue t DM/ha 242 2.22 3.87 3.67 1.92 1.08

(1.04) (0.74) (1.52) (1.50) (1.12) (0.47)
Weeds t DM/ha 0.91 0.88 0.91 0.88 1.74 2.26
Total fodder t DM/ha 3.33 3.10 4.68 4.55 3.66 3.34

1. Figures in parentheses are standard errors.

Table 3. Effect of different stocking rates on growth performance of West African Dwarf goats in th

season.
Stocking rate (does/paddock)

Parameters 4 6 8 10 Mean (SEM)
Initial weight (kg) 16.6 16.7 16.9 16.5 (0.45)
Final weight (kg) 20.3 18.7 18.8 17.9 (0.72)
Weight change (kd) 3.7 1.9° 1.9bc 1.4 (0.52)
ADG g/d? 37.8 19.4 19.4 14.3 (5.2)
Gain, kg/h& 106 81 109 100 (61)

1. Means within rows with different superscripts are significantly different (p< 0.05).
2. Livestock increases (kg/ha): weight change x number of does/0.14.
SEM = Standard error of the mean.

ADG = Average Daily Gain.

Discussion

Does on stylo-based pastures gained 1 kg more weight than those on fallows when s
at four does/ha. There was an inverse relationship between stocking rate and pastu
availability at the end of the trial (Table 1). While in the wet season the stylo pastu
fallows provided the only feed, in the dry season this feed was complemented by
residues (plus an understorey of stylo and weeds) from the cropped areas. Ho\
stocking rate for the dry season was reduced by 50% across all treatments. In the ni
season (1992) the highest stocking rate of 10 does/plot (4.7 TLU/ha) was omitted be
pasture regeneration provided inadequate feed at this rate.

The increase in grain and crop-residue yields in the stylo areas was attribut
improved chemical and physical properties of the soil caused by the one year of le
growth (Table 2). Preliminary analyses of soil samples collected in June 1992 confi
that level of stocking affected the soil's physical, chemical and biological properties.
effects of stocking rate on stylo regeneration, soil properties and subsequent crop
will be further studied in subsequent years.



Figure 1. Wet season weight changes of non-pregnant WAD does grazing forage legumes at di
stocking rates (beginning August 1991).

Weight changes (kg)
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Table 4. Least squares means GE) of live weight (kg) at birth, 30, 90, 120 and 150 days by treatm
sex and type of birth subclasses.

Weight (kg)
Effect Number Birth 30 days 90 days 120 days 150 days
Overall 87 13006 3007 52014 52023 6.%058
Stocking rate * roxk *xk NS NS
(does/paddock)
4 15 18+0.06 37014 6.6+031 44017 8&0.56
6 22 1.8+ 005 32+012 53%+027 51041 6.2050
8 22 1.9+ 005 2f+013 45:037 63043 7.2046
10 28 1.8+ 005 27010 45:020 51040 63061
Birth type - . x x
Single 28 15005 3&011 6025 6&034 7.6043
Twin 61 12003 230.07 43018 4%033 65034
Sex
Female 42 180.04 3.6009 52019 53032 7.30.35
Male 45 14004 3%009 5%019 52034 6.80.40

* NS = Not significant; ** P< 0.01; *** P< 0.001.

Means with different superscripts within each column are significantly different (P< 0.05).



Previous studies showed that when goats had access to mini-fodder banks, ir
there was a reduction in wet season weight losses compared with animals on fallov
when feed on offer declined, goats began losing weight in all treatments (ILCA, 1991
SR 4 in the current trials there was a net increase in pasture DM yield suggestin
pasture growth was greater than the herbage removal by four does. On SR 10, DM
decreased and after 14 weeks of grazing there was not enough feed to continue the
its original SR.

The weight gains in this experiment have important implications for goat feedin
the wet season when malnutrition is severe. This rapid growth will enable WAD goa
reach puberty earlier, while overall productivity will increase directly through bet
nutrition of the does and indirectly through higher growth and viability of the kids.

In determining an optimum SR, a compromise is required between individual hit
weight gains on the lower SR and the increased total kid crop from the higher SR o
one hand and pasture regeneration, persistence and DM yield during the subseque
season. It appears that the optimum stocking rate is close to eight does/paddock
does/ha over the initial 14 weeks.

There are several features in the mini-forage bank concept that are attracti
farmers. The plots are small and compatible with average flock sizes. The package is
and can be adopted also by women, providing them with greater security of land use
smallholder farmer can modify the package whether his major interest is in croppir
exploiting the N accruing in the soil from the improved fallows, or in livestock keeping.
livestock, the forage legume bank is used to feed small ruminants both in the wet s
and in the dry season together with crop residues.

In the simplified package that is now being tested at farmer level, the cost of in
has been reduced by introducing live fencing postdHikesspp instead of the metal post
and wire netting initially recommended for a secure enclosure. Because anima
tethered in the fodder banks as in the traditional system, one strand of barbed v
sufficient to demarcate the plot; this affords the farmer controlled use and protecti
his fodder resource. It is postulated that the mini-fodder bank package appears t
promising avenue of integrating crop and livestock production in the smallholder fari
system.
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An evaluation of stylo—grass mixtures for
pasture leys

O.S. Onifade, J.O. Akinola and |.F. Adu

National Animal Production Research Institute (NAPRI)
P.O. Box 1096, Shika-Zaria, Nigeria

Abstract

Mixed pastures of styliStylosanthes guianensigCook) and Rhodes gra§d{loris gayana
cv Callide) were sown betweel®79 and 1985 to assess methods of establishment
resulting herbage production from cutting and grazing regimes at Shika (National Ar
Production Research Institute (NAPRI)).

Broadcasting stylo seed produced higher dry matter (DM) yields than drilling.
grass: legume seeding ratio of 3:7 gave the highest yield and proportion of styld @7 ¢he
(1.64 t/ha, 32%) and in the 1980 (3.21 t/ha, 37%) growing seasons. The applicati
nitrogen (N) fertiliser in July and SeptemhEI80 to an established stylo-Rhodes gra
pasture gave lower stylo yields than when applied in August.

Soil moisture stress, pests and competition from Rhodes grass adversely affect
establishment and growth of stylo when sown for grazing trials. During 1985-87
pastures were continuously grazed from the late wet season (August) into the m
season (March) at 12, 18, 24, 30 an 36 rams/ha. Total herbage and stylo yields decline
10.3 and 1.15 t/ha, respectively, at the beginning of grazing to 5.36 and 0.08
respectively, after seven months of grazing. Daily liveweight gains of sheep declined
118 g/d in early August to 30 g/d in early November.

The importance of adequate establishment procedures, improved pa:
management and incorporation of more legume/persistent species are highlighted.

Evaluation des associations  Stylosanthes —graminées
pour les soles fourragéres

Résumé

Des parcours mixtes d&étylosanthe¢Stylosanthes guianenss. Cook) et d’herbe de
RhodesChloris gayanayv. Callide) ont été installés entt®879 et 1985 au National Animal
Production Research Institute (NAPRI) a Shika (Nigéria) en vue d'évaluer les m
d'implantation et I'effet des régimes de coupe et de pature sur la production de fourrage

La production de matiére séche$8liylosanthegtait plus élevée avec le semis a la vols
gu'avec le semis en lignes. Sa production et sa proportion étaient maximum au cou
saisons de croissance de 1979 (1,64 t/ha; 32%) et de 1980 (3,21 t/ha; 37%) avec unr
graminées—légumineuses de 3/7. Ses rendements étaient plus faibles lorsque l'engrai
était appliqué en juillet et septem @80 plutét qu'en aolt de la méme année.

L’humidité du sol, les maladies et 'nerbe de Rhodes freinaient I'établissement
croissance d&tylosantheslans les essais de pature. Entre 1985 et 1987, les parcours ét
en permanence soumis a une charge de 12, 18, 24, 30 et 36 béliers/ha de la fin de la
humide (aolt) au milieu de la saison séche (mars). Les productions totales de la gra



et de la [égumineuse, qui s'établissaient respectivement a 10,3 et 1,15 t/ha au début
période de pature, n’étaient plus que de 5,36 et 0,08 t/ha respectivement aprés sept n
pature. Les gains moyens quotidiens des animaux avaient baissé de 118 g/jour début
30 g/jour début novembre.

Enfin, cet article met I'accent sur limportance des méthodes d'installation, des m
de gestion améliorés des parcours et de l'introduction de légumineuses et d’espéces
dans les soles fourragéres.

Introduction

Livestock owners manipulate different feed resources throughout the year to increa:
plane of nutrition of their animals in order to improve output of milk and/or live weig
Similarly, when farmers invest in sown pastures, proper establishment and managen
grass—legume components are necessaryto maintain their productivity. The success
establishment depends on factors such as soil, climate and incidence of pests and d
The management involving fertilisation and grazing by livestbicduil be included when
evaluating species sown in grass—legume mixtures. This paper reports on research fc
on the establishment, management and productivity of stylo-based pastures subjec
different cutting and grazing regimes carried out between 1979 and 1985.

Effect of seeding ratio and sowing method

Establishment and management

Land preparation before sowing was done in June 1979 and involved disc ploughing
harrowing twice and raking in. Phosphorus at the rate of 9 kg/ha was applied at pla
and again in June 1980. Seven Rhodes grass: stylo seeding ratios (10:10, 10:3, 6:4, ¢
3:7 and 0:10) were compared asthe main plotsin the split-plot design. In the subplots
sowing methods of the grass and legume were tested: (a) drilled in alternate rows,
apart, (b) broadcast and (c) drilled within the same rows, 30 cm apart. An equivalent
kg of pure seed/ha was sown for each ratio. Stylo was treated in wal€rf¢8@0 minutes)
to break hard-seededness. Dry-matter (DM) yields were estimated by cutting at a t
of 20 cm above ground lev&20 days after sowing.

Herbage production

Total DM yields averaged over two seasons were higher in the mixed than in the sole
or sole legume pastures (Table 1). A progressive increase from 3 to 10 kg of seed
stylo seed resulted in a twofold increase in legume vyield. Despite the lower rainfall in
(600 mm) yields of grass and legume exceeded 1979 vields (average aainfall80 mm)
in each treatment except the sole legume. Total DM yields in the first year ranged
4.34to0 5.10 t/ha and from 7.16 to 8.60 t/ha in the second year (Figure 1).

The 3:7 (30%) ratio also produced highest DM yield and proportion of stylo (1.64 t
32%) in 1979 and (3.21 t/ha; 37%) in 1980. There was no significant difference in the |
yields (4.76 to 5.33 t/ha) of the grass between sowing methods. The two-year avera
yields of stylo from broadcasting or seeding in mixed or alternative rows were 2.35,
and 1.84 t/ha, respectively.

Crude-protein (CP) content

At the end of the growing season CP content in grass herbage averaged 3.4% in 19
3.8% in 1980 while the values for stylo were 9.6 and 10.3%, respectively. Sowing me
had no influence on protein content.



Table 1. Effect of seeding ratio on mean dry-matter yields (t/ha) of Rhodes grass and stylo.

Seeding ratio (grass:legume)

Components 10:0 7:3 6:4 5:5 4:6 3.7 0:10
Grass 5.8 58 548 4dc  agc ar -
Stylo - 1.8 1.3 1.6 1.8 2.8 4.2
Grass + stylo 5% 6.5%° 6.72° 6.4° 6.6%° 6.9° 4.F

Means in the same row followed by the same superscripts do not differ significantly (P< 0.05).

Source: Onifade and Akinola (1986).

Figure 1. Effect of grass/legume seedling ratios on first and second year yi&idg<1980).

t DM/ha
91

[ Rhodes grass | Cook Stylo

30% 40% 50% 60% 70%
% stylo seed in mixture

Source: Agishi and de Leew (1986: p. 476).

Effects of level and time of nitrogen application and cutting
regime

Establishment and management

Plots established by broadcasting in 1979 at a seeding ratio of 5:5 (grass: legume) wet
in experimentsin 1980. All plots were cut in June and again in November 1980. Half
plots were also cut in July, August and September 1880; the other half was left u
Nitrogen (N) was applied to both treatments in subplots at three N levels of 0, 100 an
kg/ha.

Grass DM vyield was highest in uninterrupted growth and from N application in .
and August (Table 2). The unfertilised control and application of N in August appe
to produce the most stylo. Nitrogen level did not affect grass or total yield. Similarly, cu
had no influence on stylo and total DM yields but increased grass yields. Yields decre
with time of N application. As expected stylo yields declined significantly with increas
levels of N application, whereas application of N in July or September lowered yielc
compared to a dressing in August.



Generally, defoliation during the growing season increased CP content ovel
undefoliated control for both the grass (4.6 versus 4.0%) and stylo component (10.2 \
8.4%). Neither time nor the level of N application affected the CP content of stylo.

Table 2. Effectoftime and level of nitrogapplication and of cuttingon DM yields (t/ha) of (&)dles
grass and (b) stylo.

(a) Grass Time of N application

Cutting July August September Mean
Cut 6.2 7.1 6.3 6%
Uncut 8.0 7.2 6.7 73
Mean 7.2 7.2 6.5 6.9

(b) Stylo N (kg/ha)

0 2.1 3.0 2.4 2%
100 1.8 2.4 2.1 2"
200 15 2.1 1.6 138

Mean, stylo 1.8 2.5 2.0 2.1
Mean total 8.9 9.6 8.5 9.0

Means in the same row followed by the same superscripts do not differ significantly (P< 0.05).

Source: Onifade and Akinola (1990).

Effect of stocking rate

Two Rhodes grass—stylo pastures of about 1.5 ha each were established, one in Jut
(pasture A) and another in late August 1985 (Pasture B). The latter was established b
stylo content was low in pasture A, probably due to an outbreak of fire during a dry
early in the season. Before broadcasting, the water-treated stylo seeds were dress
Fernasan D (insecticide + fungicide). The grass:legume seedingratio was 3:7 with a se
rate of 5 kg of pure seed/ha.

Pasture A received 200 kg N/ha in 1985 and was gantisly grazed by sheep for 16!
days between October 1985 and April 1986. Similarly, pasture B was stocked for 21
from 21 August 1986 until 20 March 1987; both received 30 kg P/ha as si
superphosphate at sowing and again in June before the grazing started. Both pastur
subdivided into five paddocks and stocked at the equivalent of 12, 18, 24, 30 and 36 sht
(SR).Herbage on offer was estimated at the beginning of the grazing period and ther
at six-week intervals.

In Pasture A a dry spell of seven days immediately after planting led to loss of
seedlings and seed to ants and birds, showing that seed dressing was not effective.
growing season progressed Rhodes grass became more dominant and eventually elir
the stylo. In October 1985, at the end of the second growing season, stylo constitute
5% of the total (grass + legume + weed) yield.

In Pasture B the proportion of stylo reached 40% by 11986, at the beginning of
the second growing season. However, a delay until 21 August in stocking the pastu
to reduced stylo content of the pasture to 11% (Table 3). Dry-matter yields of stylo
the grazed paddocks were consistently lower (P< 0.05) than in the control. Signif
reductions in stylo yield and its proportion in the total herbage were observed afte
months of grazing, stylo declining to zero in early February after five months of grazin
contrast, the ungrazed paddock still contained 0.6 t DM of stylo or 10% of the total y
(Table 3).



Table 3. Effect of stockingrate and grazingduration on DM yield (t/ha) of stylo and total herbage d
the 1986—87 grazing period.

Stocking rate Grazing duration (days)

(rams/ha) 0 42 84 126 168 210 Mean Total
12 1.11 121 085 012 006 000 56 8.23
18 087 135 100 014 005 000 @57 8.00
24 154 141 067 029 000 000 %5 7.70
30 072 111 094 021 000 000 d50 7.35
36 144 130 099 010 000 000 %64 6.93
Control 124 150 123 092 061 043 £00 9.22
Mean 1.18° 137 099 03F 01 o008 075

Total yield 1030 1020 877 693 595 536 7.9

Means in the same row followed by the same superscripts do not differ significantly (P< 0.05).
Source: Onifade (1991).

CP contents declined with larger grazing (Table 4). The CP contents in the s
(4.7-5.1%) and leaves (8.2-9.7%) of grass were similar at all stocking rates. The CP
for stylo (11.2%) at the lowest stocking rate was significantly higher than in the o
treatments. The CP content in the control and for stocking rates of 18 and 36 rams/h:
9.0, 9.3 and 8.7%, respectively.

Table 4. Crude-protein (CP) content (%) of pasture components during the 1986—87 grazing pel

Pasture Grazing duration

components 0 84 126 210 SED
Grass-stem 6.8 4.8 4.3 35 (0.34)
Grass-leaf 9.5 8.6 7.6 - (0.13)
Stylo 12.3 8.8 7.3 - (0.31)

Source: Onifade (1991).

The effect of stocking rate on the growth of sheep was pronounced (Table 5). A
lowest rate average growth over the first 84 days was 120 g/d compared with 55 g/d
highest rate; losses were much higher and started earlier at the high rates. Overall,

Table 5. Average sheep daily liveweight gain (g/head) on Rhodes grass—stylo pasture d i@8$ta&
grazing period.

Grazing Stocking rate (sheep/ha)
duration 12 18 24 30 36 Mean
14 152 107 154 89 107 138
42 125 80 80 62 63 8
84 71 54 63 36 36 25
126 45 36 54 18 0 -3b
168 -18 -27 9 -45 -54 -3
210 -27 -27 -63 -63 71 -80

Means in the column followed the same superscripts do not differ significantly (P = 0.05).
Source: Onifade (1991).



grew 11.3 kg at 12 sheep/ha (53 g/d) versus 2.3 kg (11 g/d) at 36 sheep/ha. In a pr
study it was shown that the optimum stocking was about 20 sheep/ha or about 500 |
weight per hectare. At this rate, output was 155 kg gain per hectare or 7.7 kg gain pe
converting into an average daily gain (ADG) of 37 g/d head.

Conclusions

This assessment of Rhodes grass and Cook stylo in mixed pastures has highlighted tf
to improve seeding practices and early grazing of pasture when used for grazing or ¢
hay. Sowing as late as the end of August in the Northern Guinea Zone was still succt
although such pastures are best left ungrazed until early in the second growing seas
that time, the pasture would have “thickened up” and able to withstand more inte!
grazing.

Applying nitrogenous feitiser on mixed pasture increased the grass fraction wh
controlled stocking and application of phosphorus were beneficial for the gro
production and persistence of the legume in the mixture. As an important feed res
during the dry season, stylo-based pasture leys need to be managed to incres
nutritional level of grazing animals.
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The integration of Stylosanthes
into cropping systems



Establishment techniques for stylo-
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Abstract

Livestock production in the subhumid (SHZ) of Nigeria is seriously affected by the |
quantityand poor quality of available feed, particularlyin the dryseason. This feed shor
and the resultant constraints are mainly caused by low soil fertility which also contribt
to the low crop yields obtained by arable farmers. ILCA’s subhumid programme in Nige
adopting a farming systems research approach, has over the years developed the f
bank intervention to alleviate the nutritional problems which continue to hamper

livestock industry in the region. Given their impact on soil improvem8tyiipsanthes

species used in fodder banks are also being exploited as pasture leys in crop rotatiol

Stylosanthebased fodder banks have benefitted both crop and livestock produc
in small-scale agropastoral settings as evidenced by the increasing number of fodder |
in the SHZ of Nigeria. The advantages of ley farming for sustaining food production
methods of integratin§tylosanthesto cropping systems are reviewed.

Since intercropping is a common practice in the area ILCA wished to test:
« the compatibility of a forage with a food crop
« the nutritive value of sorghum residue, with and without stylo at the farm level
« reaction of the pastoralists to mixing a cereal crop with a forage.

Techniques de mise en place des cultures
associées a composante  Stylosanthes

Résumé

L'insuffisance et la qualité médiocre des aliments du bétail, notamment pendar
saison seche, constituent un obstacle majeur au développement de I'élevage dans I
subhumide du Nigéria.Ces pénuries alimentaires et les problémes associés sont imputa
la pauvreté des sols, elle-méme en partie responsable des faibles rendements des cultul
la base de la stratégie de recherche sur les systemes agraires, le Programme du CIPE/
la zone subhumide a mis au point la technologie des banques fourragéres pour affront
problémes nutritionnels qui freinent le développement de I'élevage dans cette région. I
donné qu'elles améliorent la fertilité des sols, les espec&ydesanthesitilisées dans les
banques fourragéres sont également introduites dans la rotation des cultures sous forn
soles.

Les banques fourragéres a baseStgosanthesaméliorent la production des cultures
et du bétail dans les petites exploitations agropastorales, comme en témoigne la vulgaris
rapide de cette innovation dans la zone subhumide du Nigéria. Cet article expose les avar



des soles fourragéres pour une production alimentaire soutenue ainsi que les mét
dintégration deStylosantheslans les systemes agraires.

Etant donné enfin que l'association des cultures est une pratique fréquente dans
région, le CIPEA envisage d'étudier:
« la compatibilité entre les plantes fourrageres et les cultures vivrieres
« lavaleur nutritive des résidus du sorgho associé ou noStglosanthes
- lattitude des éleveurs face a lidée d'associer cultures céréaliéres et plantes fourrag

Introduction

Livestock production in the subhumid zone of Nigeria is seriously affected by f
shortages that become most acute duringthe long dry season. The nutritive value of n
rangelands on which livestock production is predominantly dependent varies drast
across the year. Pastoralists try to overcome this deficiency by exploiting crop res
during the early part, browsing and exploitfiagamaresources later in the dry season ar
occasionally using agro-industrial by-products. All these feeding strategies s
inadequate as cattle still l048-20% of their weight, milk yields are low, calf mortality i
high and many cows do not conceive because of nutritional anoestrus (Otchere, 1986
et al, pp. 155-165).

A contributory factor to the low quality and productivity of herbage and crops in
subhumid zone is the low fertility of most soils. Total nitrogen is generallylowand inten
agricultural production such as continuous cropping, land clearingand mechanised fa
has led to nutrient losses through soil erosion, run-off and leaching. Soil fer
maintenance programmes should therefore be incorporated in any farming system (
and Wild, 1975). Research has indicated that soil physical and chemical properties
be improved by the incorporation of forage legumes into the cropping syst
(Mohamed-Saleem and Otsyina, 1986; Vine et al, 1985).

The most common solution to the nutrition problem is to supplement livestock \
agro-industrial by-products such as cottonseed cake, groundnut meal, urea and mo
however, supplies of these feeds are inadequate for the ruminant population and
have escalated. Therefore ILCA in Nigeria developed a renewable source of feed
on cultivating forage legumes usually referred to as fodder banks.

Fodder banks

Fodder banks are concentrated units of forage legumes established and mana
agropastoralists near their homestead to provide high protein supplemental feed in t
season. The selected legumes must nodulate well, fix nitrogen in the soil and retain ¢
protein levels above 8% for a greater part of the dry season. Curr@ilysanthes

guianensigv Cook ands. hamatav Verano are the two main species sown in fodder ban
Because of the threat of diseases, screening of other forages is being done in ¢
agro-ecological zones in West Africa with the hope of identifying other promising spe
(Tarawali, 1990; Tarawali et al, pp. 81-95).

The fodder-bank package is highly versatile in respect of establishment and use
following guidelines are meant for typical agropastoralists, but mechanical cultivation
be employed if available and affordable. The choice of which animals to feed, how r
and when can also be varied according to circumstances (Otsyina et al, [l8§;et al,
pp. 311-316; Mohamed-Saleem and de Leeuw, pp. 139-145).

Establishment

« select an area (normally about 4 ha) close to the homestead
- fence the area with metal or live poles and barbed wire



« prepare land for planting by confining animals in the fenced area for several wee
+  broadcast treated seeds after mixing with 150 kg/ha of singlesupgrhate feiiser.

Management

« Allow animals to graze the fodder bank each year early in the wet season to co
fast growing grasses until the legume is well established

« leave forage to bulk up and set seed by deferring grazing until the middle of the
season, i.e. after crop residue grazing

+ manage dry-season grazing to ensure sufficient seed drop and adequate stubt
stylo regeneration in the next growing season. Yield and stylo composition of foc
banks at the end of the growing season before grazing are given in Table 1, shc
yields between 4.3 and 7.9 t dry matter (DM) ha containing 50-70% stylo.

Table 1.  Average DM yield and stylo composition of fodder banks in ILCA’s study areas.

DM yield Stylo composition

Location (t/ha) (%)
Kurmin Biri 6.10 60
Abet 4.28 58
Kachia 7.11 68
Kontagora 6.12 52
Ganawuri 7.90 60
Average 6.30 60
Utilisation

ILCA’s recommendation aimed at allowing 15-20 lactating and pregnant cows to graze
fodder bank for about two to three hours a day. This grazing pressure should be var
response to the quantity of fodder available.

Some pastoralists prefer to put the whole herd in the fodder banks even if it lea
overgrazing before the end of the dry season. Others adopt survival feeding whereby
allow emaciated animals to graze the fodder banks to reduce deaths or forced sale
strategy may be more economical than the delayed financial impact of improved
nutrition (Mohamed-Saleem and de Leeuw, pp. 139-145).

Benefits to system productivity

Livestock output

The benefits of cultivate®tylosanthepastures to livestock production have bee
acknowledged by cattle owners as evidenced by an increase in the number of fodder
in the region (Ajileye et al, pf811-316). Cows grazing fodder banks in the dry seas
produced more milk, lost less weight and more calves survived (Bayer, 1986). This
supported by evidence from the comparison of herds with and without fodder be
(Tarawali and Pamo, 1992).

1. This converts to a stocking rate of 1.1 TLU (Tropical Livestock Unit) per ha over a five-month per
(Jan-May) or 0.45 TLU/ha per annum. For more details on grazing management of fodder banks (see
et al, pp. 1565-165 and de Leeuw, pp. 325-334).



Effect of legume-ley/crop rotations on crop yield

Cropping is an important component of the fodder bank package both as a mee
reducing land tenure constraints and as a part of the forage management strategy (T:
et al, 1987). Crops planted within fodder banks outyielded those on natural pasture :
demonstrated for maize (Figures 1a and 1b; Mohamed-Saleem, 1986; Tarawali, 1991
(Figure 1c; Tarawali, 1992) sorghum/soyabean (Figure 1d) altet (fFigure le; ILCA,
1990; 1991). The superior crop yields in rotation ithlosanthepastures were attributed
to increased total soil-N fixed by the legume and improved physical properties such a:
density, infiltration rates, and field moisture capacity (Mohamed-Saleem and Ots
1986; Mohamed-Saleem et al, 1986). Thus, the uSgytdsanthefodder banks has been
instrumental in increasing both crop and livestock production in the subhumid zor
Nigeria.

Figure 1a. Fitted curves, following different land-use histories at Kachia Grazing Reserve in 1983
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Legume-based rotational cropping

The main objective in exploiting the advantages of forage legumes in crop productior
encourage agropastoralists and arable farmers to practise legume-based rotz
cropping within their farming systems. In a predominantly livestock-based syst
pastoralists can put their cattle on native pasture during the wet season, when they
their best and on three-quarters of the fodder bank in the dry season. Thus, one-fol
the fodder bank (or 1 ha) would be converted to crop production to provide additional
residues and an understoreySdflosanthepasture as livestock feed.

In a crop-based enterprise, the arable farmer can crop most of his farm and le
fraction of his land to improved forages for small ruminants and simultaneously incr
crop production (ILCA, 1990; Ikwuegbu et al, pp. 167-174). In this system, forage legu
in the crop rotation are essential to minimise soil degradation. Both strategies are fe:
as labour requirements for tilling stylo-based soils are lower than those for a natural f



Figure 1b. Direct and residual effects of N on grain yield of maize inside and ougsjitesanthes
fallows.
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Figure 1c. Achainside and outsidstylosanthegallows.
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Figure 1d. Grain yields of crops grown in pure and mixed stands inside and outside fodder bank:
N application in second yea989 (maize).
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Figure 1e. Response of millet to levels of N inside and ouiglesanthesallows.
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(Tarawali et al, 1987). Also, opping did not affect the dry-matter yield of the succeedin
herbage but increased tB¢ylosanthefraction and its crude-protein content (Table 2).

Table 2.  Effect of cropping on the regenerative capacity of styttler banks expressed as DM, CF
yield and botanical composition.

Crude protein Botanical composition (%)
Yield (t in stylo
Land history DM/ha) (% DM) Stylo  Grasses  Forbs
Cropped 5618 0.26 0.04 435 3% 4 186
Cropped for one year 54.5 0.3& 0.07 58 7 234 1% 5
Cropped for two years 6t21.2 0.42 0.10 56 5 26t 4 182

Undersowing annual crops

In the SHZ, cereals are usually grown on ridges. Crops such as sorghum, maize and
are planted either as sole crops or in mixtures with a grain legume such as groundnut
bean or cowpea. Since land preparation for the cereal requires the highest labour
among cropping operations, undersowing the crop with a forage legume after the
crop has been established may be the simplest method. Time of undersowing seems
for Stylosanthes guianensis Cook ands. hamatav Verano (Table 3). Planting the stylo
three to six weeks after the sorghum, increased the nutritive value of the fodder wit
reducing sorghum grain yield, but the delay in undersowing requires additional lat
(Mohamed-Saleem, 1985). If the two crops must be planted on the same day, other leg
that compete less with the grain crops than stylo may be preferable (Table 4).

Table 3.  Effect of undersowing stylo on sorghum grain yield and total available fodder.

. Fodder yield (t/DM/ha) Stylo yield
Tlmg of Grain yield Crop residue t DM/ha Total CP
sowing stylo (kg/ha) (CP%) (CP%) (kg/ha)
Unimproved sorghum + Verano stylo
Sole sorghum 1226 (105) 7.50 (2.4) - - 180
Sown together 357 (29) 1.30 (2.5) 4.01 (11.4) 490
After 3 weeks 1224 (100) 3.72 (2.0) 172 (120) 281
After 6 weeks 1287 (105) 426 (2.2) 070 (12,0 179
After 9 weeks 1240 (101) 3.92 (2.3) 040  (12.8) 42
Improved sorghum + Cook stylo

Sole crop 2192 (100) 8.80 (2.9) - - 255
Sown together 480 (22) 2.37 (1.4) 433 (12.9) 592
After 3 weeks 1550 (71) 352 (1.6) 321 (12.9) 493
After 6 weeks 1918 (87) 5.39 (1.4) 246  (13.8) 415
After 9 weeks 1980 (90) 7.46 (2.9) 046 (14.7) 283

1. Per cent of control.

Inter-row sowing

Where a cereal and grain legume are grown in mixture, the forage legume can be pl.
between the rows. This requires adjustments to the crop geometry. Traditionally, s
sorghum stands are planted on every ridge with soya beans in between. By planting.
of sorghum stands at 0.3 m spacing on alternate rows a plant population equivale
traditional populations was achieved. In this arrangement, soya bean was planted i
row between pairs of sorghum stands whilst stylo was sown on alternate, crop-free ri
to attain a good compromise for grain and fodder production (Mohamed-Saleem, 1
Mohamed-Saleem and de Leeuw, pp. 139-145).



Table 4. Grain and fodder yields of sorghum when planted together with different forage legume

Grain Fodder yield (t DM/ha)
Crop mixture (kg/ha) Residues Stylo Total
Sole sorghum 1296 4.67 - 4.46
+ Verano stylo 313 1.68 278 4.46
+ Cook stylo 388 1.55 2.06 3.62
+ M. atropurpureum 356 211 1.30 341
+ C. pascuorum 1019 2.99 1.20 4.19
+ A.vaginalis 1092 252 0.91 3.45
+ M. lathyroides 1297 274 1.48 4.22

M = Macroptilium; C = CentrosemaA = Alisicarpus

Superimposed cropping

In superimposed cropping a cerealis grown concurrently with previously established fc
legumes. The cereal is grown during the rainy season, during which the legume
Stylosanthess kept under control byweeding or herbicide application untilthe crop is @
to withstand competition. The legume is then allowed to generate from its seed stock
in the growing season.

Intersod transplanting

Transplanting millet from seedling nurseries is a standard practice in the S
Occasionally, when rains are late or poor, sorghum is also transplanted. In an exper
sorghum and millet was transplanted into 30 cm wide flat strips cut through an estab!
S. hamateacv Verano pasture at 1 m intervals. This planting on the flat decreased ¢
yields by 20-22% compared with the traditional practice of planting on ridges. Howe
the labour to cut the strips using hoes was only one-third of that required for ridging. .
sorghum transplanted on ridges within established stylo pasture gave much higher
and fodder yields than sorghum planted in areas without stylo (Table 5).

Table 5. Effect of land preparation and method of crop establishment with and without stylo on fc
banks on grain and fodder yields of sorghum, Kurmin Ba83.

Fodder (t/ha)

Land Planting Grain
preparation method (kg/ha) Crop Stylo Total
Sorghum without stylo
Ridge Sown 292 275 - 275
Transplant 795 4.83 - 4.83
Strip hoe Sown 84 1.65 - 1.65
Transplant 583 3.67 - 3.67
Sorghum with stylo cv Cook
Ridge Sown 342 2.62 1.44 4.06
No weedicide Transplant 1093 4.32 151 5.83
Strip hoe Sown 94 131 220 3.51
No weedicide Transplant 240 2.05 2.06 4.11
Ridge Sown 531 337 0.75 412
Weedicide Transplant 1563 572 0.76 6.48
Strip hoe Sown 250 221 1.08 3.29

Weedicide Transplant 563 3.75 0.94 4.69




Discussion and conclusions

Increasing the feeding value of crop residues by undersowing or inter-row sowing
legumes will be most attractive to farmers whose cattle produce milk or are used for c
Undersowing and inter-row sowing with a forage legume in the last year of the crop
cycle is another effective means for establishing legume pastures.

Superimposed cropping and intersod transplanting allows the growing of cer
within established legume pastures (e.g. fodder banks) and is suitable for areas v
wet-season grazing is in short supply. Where cropping intensity restricts avail:
wet-season grazing, land could be used for grazing early in the growing season whil
same area is subsequently cropped with high-yielding short-duration crops.

Low-input techniques for the establishment, management aiidation of
Stylosanthedased macro- and micro-fodder banks and their benefits to both livestock
crop production have been highlighted elsewhere (lkwuegbu et al, pp. 167-1
IncorporatingStylosanthespecies successfully into the cropping systems is likely to le
to sustainable food production in SHZ thereby improving the quality of life
resource-poor farmers.
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Abstract

Population pressure and frequent feed shortages in the Sahel have decrease
productivity of crops and livestock. The integration of forage legumes into the low-ing
cereal-based farming systems of the Sahel may be the key to meeting the increasin
and feed demand. Field experimentswere conducted on a Psammentic Paleustalf (silic
isohyperthermic) soil from 1988 to 1991 at Sadoré, Niger, to evaluate the effect
Stylosanthespp on millet Pennisetum glaucurfi.) R. Br.) grain yield; fodder yield and
nutritive value; and yield of the subsequent millet crop. Each stylo species was grov
alternate single and triple row patterns with millet for one and two years. Millet was grc
in rotation following one-year and two-year intercrop; continued croppingdliet served
as the control treatment. Intercropping stylo witliehin alternate single rows did not
affect millet grain yield during the legume seeding year. The following year, however, w
stylo regrew from shoot, total biomass and crude protein were, on average, increased
and 125%, respectively, whereadllet grain yield reduced bp6-83%. After the
millet/stylo intercrop, millet grain, stover and nitrogen yields were greater than thos:
continuous rillet. A system is ppposed for short-term intercropping oillet and stylo to
reduce the need for N fertilisation of the following millet crop.

Mise au point de systémes culturaux a base de mil
et de Stylosanthes pour sols sableux dans le Sahel

Résumé

La pression démographique et les fréquentes pénuries d'aliments du bétail diminue
productivité des cultures et du bétail dans le Sahel. L intégration de légumineuses fourra
dans les systemes agraires extensifs a base de céréales rencontrés dans cette région pe
peut-étre de satisfaire la demande croissante de denrées vivrieres et d'aliments du bétai
le Sahel. De 1988 a 1991, des essais ont été effectués sur arénosols et planositite(sols
et isohyperthermiques) a Sadoré (Niger) pour évaluer I'effet de diversésesspe
Stylosanthesur le rendement en grain, la production fourragere et la valeur nutritive
fourrage du mil Pennisetum glaucuifi..) R. Br.) ainsi que sur les rendements d'une cultu
subséquente de mil.Une ou trois rangéeStysanthesnt été altemées avec le mil au cours
d'essais d'une durée d'un et de deux ans. Cette association a été suivie d'une culture c
pur, les parcelles témoins étaient consacrées en permanence au mil. L'association compe
des rangées uniques alternées n'avait aucun effet sur le rendement en grain du mil pel
lannée de grenaison. En deuxieme année cependant, lorsque les rejets de la légumi
avaient commencé a donner des repousses, la production totale de biomasse et la ten

* To whom all correspondence should be sent.



protéines brutes avaient augmenté en moyenne de 45 et de 125% respectivement, alor
rendement en grain avait baissé de 26 a 83%. Suite a l'association de nmiitglodanthes
le rendement en grain, la production de paille et la teneur en azote du fourrage du mil éf
supérieurs a ceux de la culture de mil témoin. Un systéme d'association de courte durée
le mil et le stylosanthess été proposé en vue de réduire les besoins en engrais azotés
culture subséquente de céréale.

Introduction

The declining land productivity of the Sahel increased the need to develop a sustai
land-use system in the region. Millet is the main cereal grown in the Sahel for hu
consumption; its stover serves as the major feed source for livestock during the lor
season. Increase in population pressure has caused an expansion of cultivated are:
expense of grazing lands with a subsequent reduction of the length of fallow pe
(Spencer, 1985). This, in addition to then-use of feiliser, has reduced the productivity
of both crops and livestock. There is a need to incorporate forage legume into millet-I
farming systems of the Sahel to limit the degradation of the natural resource base
sustaining food and feed production.

Forage legume—cereal intercropping has been shown to increase the quantit
feeding value of biomass yields compared to cereal mono-cropping (Waghmare and
1984; Mandal et al, 1990). The presence of the legume improved itisation of crop
residues due to increased protein yield. However, yield depressions of the main crog
often been reported (Shelton and Humphreys, 1975; Mohamed-Saleem, 1985). Ben
effects of forage legume used as green manure, hay crop, fodder bank, or intercrop
yield of the subsequent non-legume crops have also been recognised. Mohamed-¢
and Otsyina (1986) reported that maiZeeé mayd..) grain yields followingStylosanthes
hamata(L.) Taub. “Verano” on fodder banks were three times as high as yields follov
maize without N feiisation. Large yield increases have also been observed with wt
(Triticum durumL.) grown after lupin L upinusspp) (Doyle et al, 1988), ric©fyza sativa
L.) following cowpea Yigna unguiculatgL.) Walp.), and sorghunSorghum bicolofL.)
Moench) grown after various legume cover crops (Hargrove, 1986; Peterson and V
1989).

Other advantages of forage legumes included improvement of soil physical
chemical properties (Badaruddin and Meyer, 1989), control of soil erosion (Fussell
1987), reduction of pest and disease incidence (Hoyt and Leitch, 1983) and incre
performance of animals fed crop residues as a basal diet (Mosi and Butterworth, 1
There is little information on forage legume effects in the sandy soil of the Sahel alth
Stylosanthes fruticosgRetz.) Alston andS. hamatéhave been shown to be potentiall
valuable crops (ICRISAT, 1987). This study was designed to determine the productiv
millet-stylo intercopping and rotation systems in the Sahel.

Materials and methods

Field experiments were conducted from 1988 to 1991 at the Sahelian Center c
International Crop Research Institute for the Semi-Arid Tropics (ICRISAT). The ce!
is located at Sadoré (latitude 13°15N, longitude 2°18°E) in the Republic of Niger.
well-drained, sandy soil of the station is acidic (pH = 5.6 in 1:1 soil:water mixture) and
in native fertility (West et all984). Long-term yearly rainfall averaged 560 mm.

Two intercropping strategies (one-year intercrop and two-year intercrop) and
rotation schemes (one-year rotation and two-year rotation) were evaluated using :
cropping patterns. Each experiment was conducted for two years. The seven cro
patterns were:



«  pure millet (PM)

« pureS. fruticosa(Sf)

« intercrop millet-Sf in alternate single rows (MSf1R)
« intercrop millet-Sf in alternate triple rows (MSf3R)

+ pureS. hamatgSh)

« intercrop millet-Sh in alternate single rows (MSh1R)
« intercrop millet-Sh in alternate triple rows (MSh3R).

The specific cropping sequences are listed in Table 1.

Table 1. Cropping sequences and dates of evaluation of millet-stylo intercropping and rota

systems.
Cropping history
Experiment no. Rotation
Intercropping Exp. no.
1 F-MS (1988) 5 F-MSM (1989)
2 F-MS (1989) 6 F-MSM (1990)
3 F-MS-MS (1989) 7 F-MS-MSM (1990)
4 F-MS-MS (1990) 8 F-MS-MSM (1991)

1. Cropping systems preceding the experiment: F= natural fallow; Migt-stylo intercrop; M= sole millet
crop; the underlined system represents the year of evaluation which is in parentheses.

For the one-year intercrop (experiments 1 and 2), Sf and Sh were interseeded
millet cultivar CIVT on newly cleared land. Millet was sown two to three weeks before f
stylo. In the two-year intercrop (experiments 3 and 4), millet was replanted on |
previously used for one-year intercrop on which stylo would regrow from the previous c
stubble. Cropping patterns were randomly assigned to 9 by 12 m plots. An an
application of 13 kg P/ha as single superphosphate was broadcast before plantin
incorporated into 40- to 50-cm tall ridges with an oxen-drawn plough after the first ra
Millet was sown in pockets 1.2 m apart on ridges 0.75 m apart. Seedlings were thinned
weeks later to three per pocket. At approximately 30 days post-emergence, millet
top-dressed with 15 kg N/ha as calcium ammonium nitrate in a single application. The |
were hand-weeded twice during each growing season.

The stylo lines were sown in continuous rows on firm ridges, 0.75 m apart. Seed
properly inoculated with a mixture &hizobiumstrains (cowpea, stylo aldacroptiloma
types). For the one-year intercrop, the herbage was harvested only once — at the e
the cropping season. In the two-year intercrop, stylo regrew from the stubble of
previous year’s crop and the herbage was harvested twice, approximately 60 and 12(
after millet emergence.

Yields were measured by hand-harvesting and weighing the biomass from
innermost 3 by 6 m of each plot. Subsamples of millet panicle and stover were sun-dri
constant weight for dry-matter (DM) yield determination. Panicles were threshec
determine grain yield. Subsamples of stylo herbage were oven-dried (75°C, 48 h) for
determination. All plant samples were milled to pass through a 1 mm screen
acid-digested using a micro-kjeldahl procedure; nitrogen (N) concentration \
determined, after distillation, by titration (Nelson and Somnd80). The relative DM
yields of intercrop millet (RYM) and stylo (RYS) were calculated as (DM yield i



intercrop)/(DM vyield in pure crop) for each component crop in an intercrop. L:
equivalent ratio (LER) was calculated as per Wil§79) where for each intercrop, LER
= RYM + RYS. Soil water was measured in the two-year intercrop with a neutron pi
(Solo 25, Nardeux Humisol, France) every 15 days throughout the growing se:
Measurements were taken at 10, 20 and 30 cm and at every subsequent 20 ¢cm to
of 170 cm. Water-use efficiency (WUE) was computed using the formula:

WUE = (DM or grain yield, kg/ha)/(total water use, mm).

Both one-year rotation (experiments 5 and 6) and two-year rotation (experime
and 8) were laid out and managed similarly. Millet was grown in all the plots following
aforementioned cropping patterns. Stylo crowns and early season regrowth
incorporated into the ridges. Cultural practices and sampling methods were conduc
described above, but no N fertiliser was applied.

All data were analysed by ANOVA using the general linear model procedures (
Institute, 1982). When there was a significant overall treatment effect (P< 0.10), s
degree of freedom orthogonal contrast was used to compare 1) PM to the me
intercrop, 2) millet—Sfto millet—Sh intercrops, and 3) alternate single rowto alternate t
rows intercrops.

Results

Pure millet crop produced higher (P< 0.01) grain yields than the average ofapeed
millet in both the one- and two-year intercrops (Tables 2 and 3). Yield decline varied
planting strategy and planting pattern. For the one-year intercrop, a non-orthog
contrast indicated no difference (P<0.05) between PM and either MSf1IR or MSt
Grain yields tended to be lower in the alternate triple-row planting patterns than ir
alternate single-row planting (Table 2).

Table 2. Grain and total herbage (DM) yields, and crude-protein (CP) concentration of milletand :
in one-year intercrop.

1988 1989

Cropping patter?’l Grain DM cpP Grain DM CcP
kg/ha

Pure millet 910 2220 (6) 45 1080 2700 0 43
Intercrop MSIR 760 2110 (8) 50 800 2420 (1 58
Intercrop MSf3R 440 1450 (14) 53 610 2720 (12) 63
Intercrop MSh1R 630 2350 (33) 75 1020 2450 1) 53
Intercrop MSh3R 580 2230 (37) 72 440 1630 (20) 60
CV% 12 31 12 30 35 16
Contrast
Millet vs intercrop 0.01 0.61 0.01 0.01 0.27 0.03
Intercrop 1R vs 3R 0.09 0.25 0.94 0.15 0.43 0.39
Intercrop MSfvs MSh 0.96 0.14 0.01 0.28 0.11 0.71

1. Cropping pattern abbreviations: M =illet; Sf= Stylosanthes fruticoseSh= S. hamata; 1R=altemate
single-row planting arrangement; and 3R=altemnate triple-row planting arangement.

2. Number in parentheses is stylo percentage in total DM.

3. Probability levels (F-test) for single-degrefefr@edom orthogonal contrast.



In the two-year intercrop, the mean grain yield of intercroppédtrwas 26 to 83%
lower (P<0.01) than that of PM (Table 3). Stylo effect on millet grain yield seem
dependent upon yearly growing conditions. Cropping patterns with Sh redilie¢drain
(P<0.01) yielded more than those with Sf in 1990 but not in 1989. Alternate triple-r
planting of millet with either stylo yielded, on average, 43% less grain than altern
single-row planting in 1989 (P=0.02) whereas in 1990 the former planting sys
outyielded the latter by 62% (Table 3).

Table 3. Grain and total herbage (DM) yields, and crude-protein (CP) concentration of millet a
stylo in two-year intercrop.

1988 1989

Cropping patterh Grain DM CP  Grain DM cpP
kg/ha

Pure millet 640 2660 (6) 60 830 3200 (0) 29
Intercrop MSf1IR 310 3240 (63) 94 430 3750 (40) 73
Intercrop MSf3R 110 3120 (80) 111 610 3000 (38) 64
Intercrop MSh1R 270 5700 (82) 107 220 4350 (70) 95
Intercrop MSh3R 140 4940 (83) 113 440 3580 (63) 85
CV % 39 17 10 14 12 10
Contrast
Millet vs intercrop 0.01 0.01 0.01 0.01 0.07 0.01
Intercrop 1R vs 3R 0.02 0.27 0.22 0.01 0.01 0.04
Intercrop MSfvs MSh 0.44 0.01 0.09 0.01 0.01 0.01

1. Cropping pattern abbreviations: M4llet; Sf= Stylosanthes fruticoseSh= S. hamata 1R= alternate
single-row planting arrangement; and 3R = alternate triple-row planting arrangement.

2. Number in parentheses is stylo percentage in total DM.
3. Probability levels (F-test) for single-degrefefreedom orthogonal contrast.

When averaged over years across experiments stylo herbage yield was grea
alternate triple-row than in alternate single-row treatments and greater in two-)
intercrop than in one-year intercrop; Sh produced two times as much herbage :
(P=10.09). The combined millet and stylo DM yields varied with planting strategies ¢
cropping patterns. In the one-year intercrop, there was no difference between the av
DM yield of the intercrop treatments and that of PM (Table 2). Land-equivalent ratio
intercrop treatments ranged from 0.79 to 1.12 in 1988 and from 0.94 to 1.07 in 1
indicating little or no land-use advantage of intercropping in one-year intercrop.

In the two-year intercrop, the combined DM yield was greater (P< 0.01 in 1989 .
P=0.07 in 1990) in the intercrop treatments than that of PM (Table 3). Dry-matter y
was higher (P<0.01) in alternate single-row than in the alternate triple-row intercro
1990 and tended in the same direction in 1989. Land-equivalent ratio indicated a 16 to
land-use advantage for DM production in alternate single row intercrops.

Mean crude-protein (CP) concentration of intercrop DM was greater (P< 0.03) t
that of PM in both one-year and two-year intercrops (Tables 2 and 3). Nonetheles:
concentration of all harvested DM was generally at or below 70 g/kg in the one-)
intercrop. In the two-year intercrop, however, CP concentration of the harvested fo
was generally above 70 g/kg with the exception of MSf3R in 1990.



Water-use efficiency (WUE) calculated on a total DM basis indicated that millet-s
intercrop produced more (P< 0.01) DM per unit of water uptake than pure crop of
intercrop component (Table 4). The DM production efficiency was higher (P< 0.01) \
alternate single-row planting than with alternate triple-row treatment. In contrast, W
for millet grain production was 40% to 68% lower in intercrop than in PM (P< 0.
Alternate triple-row intercrops produced more grain per unit of water consumed
alternate single-row treatments (P = 0.05).

Table 4. Water-use efficiency (WUE) for dry matter and grain production aitidtrplant height at
60 days after planting of two-year intercrop.

WUE? Millet
Cropping patterh Grain Dry matter plant height

kg/mm
Millet 9.3 22 147
Intercrop MSfIR 10.2 11 133
Intercrop MSf3R 9.0 13 102
Intercrop MSh1R 145 0.7 87
Intercrop MSh3R 12.2 1.0 101
CV % 17 25 16
Contrast
Millet vs intercrop 0.01 0.01 0.01
Intercrop 1R vs 3R 0.01 0.05 041
Intercrop MSf vs MSh 0.01 0.01 0.02

1. Cropping pattern abbreviations: Millet; Sf= Stylosanthedruticosa; Sh= S. hamata 1R= alternate
single-row planting arrangement; and 3R = alternate triple-row planting arrangement.

2. WUE= Output (dry matter, grain)/total water use.
3. Probability levels (F-test) for single-degrefeffi@edom orthogonal contrast.

The yield benefit of millet—stylo interepping on subsequentillat crop is shown in
Table 5. Millet grain and DM yields following intercrop tended to be greater than th
following millet in both one-year and two-year rotation schemes. Yield advantage was
greater when millet followed pure Sfor Sh crops. Compared to the yield lossincurred d
the previous seasons due to intercropping, grain-yield increase of two-year rotation
not compensate the cumulated yield loss. However, for the one-year rotation syster
sequences F-MSfIR-M and F-MSh1R-M outyielded the loss of the preceding sea:

Discussion

Low intercrop millet grain yield was partly due to the reduced millet plemtulation in

the intercrop treatments compared with PM. This is consistent with the substitutive tt
proposed by Wley (1979). Yield variations caused by growing conditions, especi
rainfall, are common in the Sahel (Fussell et al, 1987; Sivakumar, 1988). May to Oct
rainfall was 11% higher in 1989 and 29% lower in 1990 than the long-tenmed mean

of 560 mm. During 1989, more than 40% of the precipitation fell during August :
occurrences of drought were frequent during crop establishment. Drought conditio
the 1990 growing season developed during the stem-elongation period and caused m
stress to the millet plants. Moisture stress was more severe in alternate single-rov
alternate triple-row planting patterns and more in millet—Sh than in millet-Sf treatm



Table 5. Average-yield advantage of millet following millet-stylo cropping systerhswtinitrogen
fertiliserapplication.

One-year rotation Two-year
rotation  +
Previous cropping systeﬁls Grain taver Grain Stover
tlha
Millet 0? 0 0
Intercrop MSfIR 0.21 0.36 0.22 0.69
Intercrop MSf3R 0.29 0.88 0.34 0.88
Intercrop MSh1R 0.15 0.39 0.18 0.31
Intercrop MSh3R 0.08 0.11 0.15 0.79
S. fruticosap.24 0.74 0.20 0.23
S. hamata0.37 0.52 0.12 0.98
Contrast
Millet vs intercrop 0.11 0.17 0.15 0.06
Intercrop MSfvs MSh 0.12 0.12 0.10 0.09
Millet vs stylo 0.07 0.05 0.09 0.08

1. Previous cropping system abbreviations: Mi#le Sf= Stylosanthes fruticos&h= S. hamatalR = alternate
single-row planting arrangement; and 3R = alternate triple-row planting arrangement

2. Yield advantage= (millet yield following intercrop — millet yield following millet).

3. Probability levels (F-test) for single-degrefefreedom orthogonal contrast.

(visual observations). Thus millet plant height measuret®BD, 60 days after planting,
ranked as PM > MSfIR > MSf3R > MSh1R > MSh3R (Table 4). Intercropped st
presumably competed directly with millet for the limited soil resources resulting in redu
millet growth and grain yields. Competition for both light and soil resources have b
reported to reduce yield of intercrop components (Namibiar é088; I1zaurralde et al,

1990).

Lowstylo herbage yields of one-year intercrop contributed little to intercrop total D
leading to no yield advantage of intercropping ovdlemmonoculture. The LER values
were within the ranges of those reported by Nnadi and Haque (1988) with maize—la
and sorghum-lablab intercrops. Inversely, the high stylo yield obtained in the two-)
intercrop led to a greater DM yield and CP concentration in intercrop than PM. T
increased productivity (DM, CP) may alleviate the frequent feed shortage experier
during the long dry season in the Sahel, provide enough protein supplement to sheey
in a short-term feeding system and provide a more efficient use of the limited soil wi
supply. Nonetheless, two-year intercropped stylo were so competitiveitleagnain yield
was greatly depressed, causing a low WUE for grain production.

Conclusion

The study showed that interseeding (one-year intercrop) Sh or Sf in alternate single
patterns with millet did not affect millet grain yield or total DM output. Growing pure mill
in rotation the following year offered a yield increase of 0.15 to 0.21 t/ha with no
application. When millet was sown into year-old established stylo (two-year intercrc
grain yield reduced significantly while total DM yield and CP concentration increas
substantially. There is an indication that millet grain yield reduction was due in par
increased competition for water. Although large grain yield reduction was observed in
two-year intercrop systems, major benefits may derive from the increase in DM output
feeding value. Growing millet the third year in rotation (MS—-MS—-M) provided a maximt
increase of 0.34 t/ha, which however, did not compensate for the grain loss incurred
the preceding two intercropping seasons. With the increasing importance of pas



systems to the economy of the Sahel, intercroppiifigtrand stylo for one year followed
by sole millet copping offers an alternative to support food and feed production with
exhausting the production resource base.
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Résumé

De 1986 a 1989, différents systémes culturaux incluant leReirfisetum glaucum
et certaines légumineuseV¥igna unguiculata, Sesbania pachycarpd Stylosanthes
hamatg ont été évalués a Sadoré, au Centre sahélien de 'CRISAT. Le mil a été ser
culture pure ou en association avec des légumineuses. Au cours de la derniére
(1989), le mil a été cultivé en culture pure dans toutes les parcelles afin d'évaluer les
résiduels des légumineuses.

Différents paramétres ont été évalués pour effectuer un bilan de N et P, notan
la biomasse, les quantités d'azote et de phosphore exportées par le mil et les Iégumi
associées et la fertilité du sol.

IIressort desrésultats enregistrés §agosanthes hamaédait meilleur que les autres
Iégumineuses. La présence de légumineuses a permis d'augmenter la production to
biomasse a I'hectar&tylosanthes hamata donné les mieurs rendements, entrainan
ainsi des exportations de N et de P plus élevees.

La fixation d'azote était négative et dépendait des conditions hydriques e
rendement des légumineuses. Le bilan de lazote était négatif dans les diffé
traitements mais ce phénomene était moins marqué cependant que dans les asso
comportaniStylosanthes.

Nitrogen fixing and phosphorus balance in
selected agricultural millet/legume systems
in Sadore, Niger

Abstract

From 1986 to 1989, various crop systems involviiiggt(Pennisetum glaucuyrand some
legumesYigna unguiculata, Sesbania pachycaapd Stylosanthes hamatavere assessed
atthe ICRISAT Sahelian Centerin Sadoréldtivas sown alone or mixed with the legume
In 1989, the last year of the trial,illet was grown alone on all plots to assess the residt
effect of the legumes.

Various parameters were used to determine the nitrogen and phosphorus bal
including biomass production, N and P exports by millet and legumes and soil fertility.

The results show th&tylosanthes hamateas superior to other legumes. Total bioma:
production per hectare was higher in mixtures involving legu@tstsanthefamatagave
the highest yields and led to higher N and P exports.



Nitrogen fixing was negative and was influenced by water conditions as well as le
yield. N balance was negative for all treatments, although this was less marked with mi;
includingStylosanthes.

Introduction

Au cours des deux dernieres décennies, laugmentation annuelle de la prodt
céréaliére dans la région soudano-sahélienne était de l'ordre de 1% alors que le t
croissance annuelle de la population était proche de 3%. L'augmentation de la prodi
était essentiellement due a I'extension des superficies cultivées et a I'exploitation de
marginales jusque-la vouées au paturage.

Les paysans ont réduit voire méme supprimé la période traditionnelle de mis
jachére. Tout cela conduit inéluctablement a la dégradation des ressources édaphi

L'emploi des engrais permet d'améliorer la production par une augmentation ¢
productivité par unité de surface cultivée et peut contribuer a promouvoir la restaur
des sols, permettant ainsi de stabiliser le systéme. Cependant, les paysans de la
peuvent difficilement consacrer leurs faibles revenus a ces intrants, raison pour la
notre programme de recherche vise a identifier des systemes de faible colt adapta
milieu paysan.

Les apports d’engrais ont été et sont lobjet de nombreux travaux de recherch
phosphore est I'élément majeur déficitaire dans les sols sahéliens et une dose écon
de 24 kg BOs/ha (ICRISAT, 1987) a été fortement recommandéceillsation d'azote,
autre élément déficitaire, est plus critique. Son apport sur le mil au niveau du pays
peut étre généralisé pour diverses raisons. L'introduction des légumineuses da
cultures de céréales procure une source d'azote grace a la fixation de l'azote et le tr:
de celui-ci a la céréale. L'association des légumineuses et dautres cultures non
mineuses pourrait servir a remplacer partiellement ou entierement l'azote provenal
engrais. Un autre aspect tout aussi important est lamélioration de la valeur nutritiv
chaumes de mil par addition de fanes de Iégumineuses (Renard et Garba, 1989),
d’atténuer les problémes de l'alimentation du bétail dans la région.

L'association du milavec une légumineuse, notamment pérenne permet une mei
utilisation des ressources naturelles du sol, en particulier l'eau et les éléments nt
(Garba et Renard, 1991). Cependant, la densité et le mode de gestion doivent per
d'augmenter la productivité et de minimiser les effets de la compétition.

Au Centre sahélien de ICRISAT (CSI) a Sadoré, desrecherchesont démarré si
systémes culturaux associant le mil avec une légumineuse a grain, le niébé et ce
légumineuses fourragerekesbania pachycargaC etStylosanthes hamafd.) Taub. Le
niébé est traditionnellement associé au mil au Sahel. Alor$Seskania pachycarpast
une adventice locale annuelle largement répandue au I$itgosanthes hamatsst une
légumineuse semi-pérenne originaire de Colombie (Humphreys, 1981).

On présente ici les résultats du bilan de phosphore et de l'estimation de la fix
azotée dans les systéemes adaptés pour la période de quatre ans 4886tal&989.

Matériels et méthodes

L'expérience a été conduite de 1986 a 1989 au CSI de Sadoré (Niger).
caractéristiques du Centre, la climatologie et les propriétés du sol ont été donné
Sivakumar (1986) et Sivakumat al.(1990).

Les années 1986, 1988 et 1989 ont été caractérisées par une pluviométri
supérieure a la moyenne et des pluies bien réparties dans l'espace et dans le ter
saison 1987 était plus critique et avait débuté trés tard.



Le mil (Pennisetum glaucurfi..] R. Br.) cv. CIVT a été semé en culture pure ou ¢
association avec le niéb¥igna unguiculatdL.] Walp.), Sesbania pachycardaC ou deux
cultivars de Stylosanthes (S. hamafa.] Taub.), cv. 147 en provenance du Centi
Internacional de Agricultura Tropical (CIAT) en Colombie et Verano en provena
d’Australie.

Le dispositif expérimental est constitué de blocs aléatoires randomisés avec 1.
tements et 4 répétitions. Les parcelles élémentaires ont une dimension de 16 m sur 8
les 13 traitements on en a retenu 5 (tableau 1) ou le mil a été associé de fagon co
aux diverses légumineuses mentionnées ci-dessus. De 1986 a 1988, le mil était se
culture pure ou en association. En 1989, toutes les parcelles ont été semées en mil |
de comparer les effets résiduels des traitements des années antérieures.

Tableau 1. Traitements de l'essai d'association mil-légumineuses effectué au CSI de Sadoré (
de 1986 a 1988

Traitement 1986—-1988
1 M
2 M/N
3 M/S
4 M/147
5 M/V

M = mil; 147 = Stylosanthes hamata. 147; N = niébé; S Sesbania pachycarpd;= Stylosanthes hamata. Verano.

Le miletle niébé étaient semés a une densité de 10 000 poquets/haetleslégum
fourragéres en lignes continues a 4 kg de semences/ha. Le mil était semé dés les pr
pluies et les Iégumineuses, deux ou trois semaines plus tard. Avant le semis 13 kg d
ont été apportés dans toutes les parcelles et 15 kg/ha d’'azote au premier sarclage.

La fertilité du sol a été suivie durant toute la période de lessai. Le préléver
d'échantillons de sol a été effectué au début et a la fin de chagque campagne si
profondeur de 20 cm a l'aide d'une sonde. Cing prélevements ont été effectués a diff
endroits dans chaque parcelle.

Les éléments suivants, a savoir le pH (eau), le pH (KCI), et les taux de ma
organique, dazote et de phosphore ont été analysés par les méthodes usuelles.

Les résultats du bilan de phosphore et les estimations des quantités d'azote f
partir du bilan d'azote) sont présentés ci-aprés.

La fixation de l'azote a été estimée a partir de la formule du bilan de l'azote dot
par Greenland (1977):

N = gains - pertes
ou
N2-N1=F+ M+ Dr+ S-C-L-V-E
ou
N2 - N1 est la variation de la teneur en azote entre les temps
TietTo

Gains: F le taux de fixation de lazote
M lazote apporté par les engrais
Dr lazote N des pluies et des poussiéres
S l'azote retourné a la surface du sol par les racines des

plantes et la migration de la solution du sol



Pertes: C lazote exporté par les récoltes et la végétation

L lazote perdu par lixiviation
V lazote perdu par volatilisation
et E lazote perdu par érosion.

Des estimations de ces différents termes ne sont pas toujours disponibles d
bibliographie.

En ce qui concerne les gains, les apports atmosphériques ont été estimés a 3,
dans la partie sud du Sahel (Penning de Vries et Djiteye, 1982) et a 4,3 kg/ha a San
Nigéria (Jones, 1971). Dans le cas présent, on a retenu la moyenne de 4,2 kg/ha/:
apports minéraux par la matiére organique sont variables et sont ignorés dans le ce
lessai. Il reste les engrais minéraux, soit 15 kg N/ha/an, et la fixation azotée, qui
déterminer.

En ce quiconcerne les pertes, l'essentiel porte sur les exportations par les réco
la végétation. Les pertespar érosion et ruissellement n'ont pas été évaluées a Sadore
au ruissellement, il est négligeable sur ces sols sablonneux. Les pertes par lixiv
peuvent étre importantes. Cependant, selon Penning de Vries et Dijiteye (198
ICRISAT (1985), l'azote incorporé ne sinfiltre jamais au-dela des racines des plantes
pertes sont donc négligeables. Par contre, les pertes par volatilisation sont importal
des pertes de 37% a 53% des quantités apportées ont été enregistrées au CSl en
des différentes sources d'azote (Bationo et Mokwua9dl). Les pertes surviennen
guand l'engrais est épandu a la surface du sol. Pour les calculs effectuésici, on a cot
la moyenne des pertes soit 45% de 15 kg/ha. Chaque année, les pertes sont est
6,75 kg de N/ha.

La formule devient:
F = No>-N1-M-Dr+ C+V

ou
F est la fixation azote
N2 la teneur en eau en fin de campagne
N1 la teneur en eau en début de campagne
M lapport d'engrais (15 kg/ha/an)
C lexportation par la récolte (rendement xteneur en
N)/100
et \% la volatilisation (6,75 kg/ha/an).

Le bilan du phosphore est plus simple. Il ressort des informations disponibles de
bibliographie que le phosphore n'est ni entrainé par lixiviation, ni adsorbé de f:
irréversible par les colloides des sols de ces régions. Bien qu'une petite quanti
phosphore puisse étre libérée lors de la minéralisation, cette contribution reste in
fiante en zone de savane (Pieri, 1989). Deuxméthodes peuventilétte sgtour ce bilan,
a savoir le bilan entrées/sorties et le bilan apparent du stock de phosphore minéral. L
apparent, qui de l'avis de Pieri (198®rthe une bonne idée du stock en phosphate du
a été adopté pour les calculs effectués ici.

Résultats

Production de biomasse

Le tableau 2 donne la production de biomasse du mil et des Iégumineuses au cc
la période d'essai.



Tableau 2. Production de biomasse (t/ha) du mil et des légumineuses assocl&86de1989 au CSI
de Sadoré (Niger)

1986 1987 1988 1989
_ Légumi- Légumi- Légumi-

Traitement  j| neuses Mil neuses Mil neuses Mil

M 4,09 - 0,02 - 2,48 - 1,88
M/N 3,85 0,08 0,05 0,18 2,01 0,17 2,00
M/S 2,26 0,03 0,18 0,36 1,15 0,71 2,43
M/147 3,76 0,02 0,16 1,74 2,99 3,04 2,96
M/V 4,68 - 0,48 0,18 1,91 5,37 3,27
ES 1,17 1,17 0,09 0,27 0,28 0,31 0,48
CV% 59,64 94,78 107,6 87,57 24,88 27,22 37,97

x Valeurs exclues de lanalyse de variance.
M = mil; 147 = Stylosanthes hamata. 147; N = niébé; S Sesbania pachycarpd;= Stylosanthes hamata. Verano.

En 1986, la production de mil était élevée maisil n'yavait pas de différence signific:
entre les traitements. La production de fourrage des Iégumineuses était tres faibls
niébé était parmilestroislégumineusesassociéescelle dont le rendement était le plu:

En 1987, le mil a@nnu un mauvais établissement, des vents de sable ayant en:
et détruit ses plantules. Les rendements des cultures de mil, associées ou non aL
étaient insignifiants. Dans les autres associations, quelgues rendements intéressa
été obtenus, ce qui laisse penser que les légumineuses avaient protégé le mil cor
vents de sable. La production des légumineuses de 1987 dépasse largement celle
et leslégumineuses ont profité du plein ensoleillement, particuliereSnbatmatav. 147.

En 1988, le mil était bien installé et des rendements élevés ont été obtenus, m
la différence n’'était pas significative entre lestraitements. La production des |égumin
était aussi élevée, particulierement pour les deux cultivagsydiesanthes

En 1989, lesrendements du mil associé auxlégumineuses étaient plus élevés qt
du mil pur et du milassocié au niébé. Cette différence significative est due a un effetré
des légumineuses.

Exportations de N et de P

Les tableaux 3 a 6 présentent les quantités de N et P exportées par le mil
[égumineuses au cours de la période d’essai.

Tableau 3. Exportations de N et P (kg/ha) parle mil et les [éEgumineuses a Sadoré en 1986

N P

Traitement Mil Légumi. Total Mil Légumi. Total
M 60,49 - 60,49 8,15 - 8,15
M/N 50,13 2,96 53,09 10,42 0,36 10,78
M/S 39,06 0,98 40,04 6,15 0,11 6,26
M/147 56,30 0,54 56,84 8,01 0,06 8,07
M/V 54,63 - 54,63 6,76 - 6,76
ETM + 16,58 + 0,70 + 16,61 23,10 + 0,08 + 3,12
CV(%) 63,60 93,26 62,65 78,61 95,96 77,86

M = mil; 147 = Stylosanthes hamata. 147; N =

niébé; S Sesbania pachycarpd;= Stylosanthes hamata. Verano.



Tableau 4. Exportations de N et P (kg/ha) par le mil et les Ilégumineuses a Sadoré en 1987

N P

Traitement Mil Légumi. Total Mil Légumi. Total
M 0,35¢ — 0,38 0,08 — 0,08
M/N 0,87 7,02 7,8 0,14 0,55 0,69
M/S 2,97 12,17 15,14 0,51 0,74 1,25
M/147 3,13 44,82 47,95 0,49 2,91 3,40
M/V 8,37" 4,44 12,81 0,94 0,34 1,28
ETM +1,52 +8,27 +9,43 +0,20 + 0,50 +0,36
CV(%) 104,78 96,62 85,34 112,90 87,91 64,95

x Valeurs exclues de lanalyse de variance.

M = mil; 147 = Stylosanthes hamata. 147; N = niébé; S Sesbania pachycarpd;= Stylosanthes hamata Verano.

Tableau 5. Exportations de N et P (kg/ha) parle mil et les légumineuses a Sadoré en 1988

Traitement N P

Mil Légumi. Total Mil Légumi. Total
M 34,37 - 34,37 3,67 - 3,67
M/N 32,57 4,38 36,95 3,14 0,44 3,58
M/S 28,49 23,97 52,46 3,14 1,14 4,28
M/147 34,72 62,44 97,16 6,54 3,54 10,08
M/V 28,98 112,16 141,14 2,27 5,84 8,11
ETM + 6,75 +8,32 + 9,58 + 0,63 +0,51 +0,70
CV(%) 42,45 33,57 26,45 33,36 37,33 23,47

M = mil; 147 = Stylosanthes hamata. 147; N = niébé; S Sesbania pachycarpd;= Stylosanthes hamata. Verano.

Tableau 6. Exportations de N et P (kg/ha) parle mil & Sadoré en 1989

Traitement N total P total
M 23,29 2,68
M/N 28,52 3,32
M/S 31,84 3,83
M/147 42,47 6,42
M/ 37,76 4,08
ET + 6,48 +0,91
CV (%) 40 45

M = mil; 147 = Stylosanthes hamata. 147; N = niébé; S Sesbania pachycarpd;= Stylosanthes hamats Verano.

En 1986, le mil était le plus gros exportateur d'azote gttiesphore mais il n'y avait
pas de différence significative entre les traitements. Trés peu productives cette ann
légumineuses avaient exporté peu d'azote et de phosphore, le niébé en ayant exp

plus grandes quantités. La présence des légumineuses a peu influencé les guantité:
de N et P exportées.



En 1987, l'essentiel des exportations était imputable aux légumineuses les
productives notammerftylosanthesv. 147. Le mil étant mal installé, ses exportatiol

étaient faibles. En conséquence, les exportations totales les plus élevées avaie
enregistrées dans lassociation M/147.

En 1988, année deohne pluviométrie, le mil et les Iégumineuses ont exporté
guantités substantielles d'azote et de phosphore. Les exportations d'azote du mil n’é
pas significativement différentes d'un traitement a l'autre. Par contre, celles
[égumineuses étaient significativement différentes et les cultivag$yttesantheavaient
exporté le plus dazote, dou des exportations totales plus élevées dans le ce
associations comportant cette espéce. Pour le phosphore, les associations compor

Stylosanthe®nt exporté des quantités significativement différentes de celles des a
traitements.

En 1989, année également dmmhe pluviométrie, les exportations de N et P étaie
plus élevées apres les associations, en particulier aprées les cultigytodantheLette
différence était hautement significative apres le cultivar 147.

Fixation d'azote

Le tableau 7 présente les estimations de la quantité d'azote fixée dans les diffe
traitements de 1986 a 1989.

Tableau 7. Fixation d'azote (kg/ha) a Sadoré de 1986 a 1989

Traitement 1986 1987 1988 1989
M 80,04 -57,35 7,92 8,04
M/N 37,96 -48,80 5,51 12,64
M/S 56,79 -26,06 11,76 12,72
M/147 76,39 13,73 75,71 20,35
M/V 130,38 -60,14 114,94 26,89

M = mil; 147 = Stylosanthes hamata 147; N = niébé; S Sesbania pachycarpe;= Stylosanthes hamata. Verano.

En 1986, les quantités totales d'azote fixées étaient plus élevées que celles de
autres années par traitement, mais les différences n'étaient pas significatives.

En 1987, la fixation d'azote n'a pas été suffisqmb@r compenser les exportations e
un déficit en azote a été observé dans tous les traitements, a I'exception de l'asso
M/147.

La campagne 1988 a permis uranbe fixation d’azote. Elle était plus élevée dans|
associations, en particulier avec les deux cultivarStysanthes hamataes quantités
enregistrées étaient alors significativement supérieures a celle du mil pur et des assoc
incluant les légumineuses annuelles comme le niélS&gianiaLa différence entre ces
trois derniers traitements n’était pas significative.

En 1989, les [égumineuses étaient absentes de tous les traitements mais on
cependant une certaine fixation d'azote dans tous les cas. Cette fixation était
importante aprés les associations en particulier avec les deux cultivardatanthes;e
qui confirme bien l'effet résiduel des légumineuses.



Bilan de l'azote

Les tableaux 8 et 9 présentent le bilan de l'azote et du phosphore respective
Négatif pour le premier, ce bilan est positif pour le phosphore dont on a apporté cepe
une dose de 13 kg/ha/an.

Tableau 8. Bilan estimé de l'azote pour diverses associations mil-légumineuse (kg/ha/an) a Sadi

1986 a 1989
Traitement Exportation Fixation Bilan
M 118,5 38,55 -79,95
M/N 106,57 7,31 -99,26
M/S 139,48 -21,77 -111,71
M/147 2444 186,18 -58,22
M/V 246,34 212,07 -34,27

M = mil; 147 = Stylosanthes hamata. 147; N = niébé; S Sesbania pachycarpd;= Stylosanthes hamats Verano.

Tableau 9. Bilan estimé du phosphore (kg/lha/an) pourdiverses associations mil-légumineuse a S
de 1986 a 1989

Traitement 1986 1987 1988 1989
M 4,85 12,94 9,33 11,64
M/N 2,24 12,31 9,42 11,26
M/S 6,74 11,75 8,71 15,07
M/147 4,93 9,59 2,92 8,22
M/V 6,24 11,72 4,89 10,26

M = mil; 147 = Stylosanthes hamata. 147; N = niébé; S Sesbania pachycarpe;= Stylosanthes hamata. Verano.

Discussion

Divers résultats obtenus ailleurs montrent que la compétition par les légumine
peut avoir un effet dépressif sur le rendement de la céréale dans l'association (Snay
Harris, 1981; Haque, 1984; Chetty, 1983; Dalal, 1974; Schmidt et Frey, 1988). Celui-ci
étre imputable a des causes diverses, y compris la géométrie de l'association
compétition pour l'eau et les éléments nutritifs.

Dans le cas de l'association mi-niébé, on a montré au Centre sahélien que le
du cultivar de niébé et la date de semis étaient particulierement importants en la m
(Ntare et Fussell, 1988). L'application dengrais (N et P) permet daugmenter les der
des deux cultures a condition que l'eau ne soit pas un facteur limitant.

Dans le présent essai, un effet négatif de la Iégumineuse a été observeé sur la (
mais n'était pas significatif. D'autres essais menés en 1989 sur l'associatiStytodanthes
ont en revanche permis de mettre en évidence un effet significativement négatif (Ko
et al, 1991).

Une gestion appropriée de l'association, telle que la fauctsiyiizssanthesn cours
de saison, permet de réduire cet effet de compétition. Le fourrage ainsi produit peu
stocké ou vendu sur le marché urbain.

Fixation de l'azote

On considére généralement que les écosystémes naturels sont en gouilitoe qui
est de 'économie d'azote (Swift et SanchEd84). Par contre, les bilans azotés de tous



systémes de cultures étudiés s'averent largement déficitaires. Ce déficit est essentiel
imputable d'une part a la non-compensation de l'azote exporté par les cultures et d
part aux pertes dans les eaux de surface et particulierement au drainage (Pieri, 19¢

Ces systémes ne peuvent se maintenir sans apport dazote minéral (engra
biologique (processus de fixation). L'apport le plus courant provient de l'association e
les bactéries du genkehizobiumet les racines des I[égumineuses. Mais d'autres proce:
sont le fait de bactéries libres, en particulier associées aux racines des graminée
céréales. Enfin, la minéralisation des formes organigues (protéines, acides ar
constitue également une source importante d'azote.

L'expression fixation d'azote de bilan recouvre donc ces divers aspects et ne sapy
pas strictement a l'azote d'origine rhizobienne.

Les quantités d’azote (tableau 7) étaient variables et la quantité fixée était étroite
liee aux conditions pluviométriques.

En 1986, les quantités élevées enregistrées proviennent d'un effet résiduel du
cultivé sur la parcelle au cours de la campagne précédente. La quantité réellemen
grace aux légumineuses était faible car leur rendement était peu élevé. En effet, il
une corrélation étroite entre la quantité d'azote fixée et la production de matiére ¢
des légumineuses (Skerman, 1982llivat al, 1983).

En 1987, année de déficit hydrique, la fixation a été trés faible et leslégumineuse
installées ont puisé dans les réserves du sol. Ce méme phénoméne a été obser
larachide par Wetselaar et Ganry (1982) quipartent quune lame deau inadéquat
peut entrainer une chute de rendement (de 21%) alors que si la quantité d'azote fi
réduite de prés de 70%, l'arachide en puise alors dans les réserves du sol.

En 1989, la fixation d'azote a été influencée par l'effet résiduel des légumineuse
bilan de la période de quatre années d'essai (tableau 8) est négatif pour tous les trait
mais est beaucoup moins déficitaire cependant dans l'associatioBtglessanthefM/147
et M/V). Celui-ci contribue donc plus que les autres légumineuses a améliorer le
général de l'azote.

Bilan du phosphore

Le bilan du phosphore est positif et cela en raison de l'application chaque année
dose de 13kgP/ha. On observe que lesassociationsavecleslégumineuses pérennes
celles-ci sont bien établies (1988), exportent nettement plus que les autres associ
Sans apport de P, ce bilan serait largement déficitaire.

Conclusion

La fixation d'azote dépend des conditions hydriques et minérales du sol e
rendement des légumineuses. En année de déficit hydrique, la fixation est trés faibl
[égumineuse puise dans les réserves du sol. En année normale ou bonne, lors
[égumineuses sont bien établies, elle est trés efficace pour les espéces pérennes («
de Stylosanthes hamata

Le bilan du phosphore est positif en raison d'un apport annuel, mais les associ
mil-Stylosanthesnt exporté plus de P que les autres.

Les résultats montrent bien le rble positif que l'esp@igdosanthes hamaf@ourrait
jouer dans les systemes culturaux de la région. Cependant, le systéme reste a par
faudra notamment poursuivre lesrecherches afin de trouver une densité et une géc
favorables aux deux composantes de l'association.
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Résumé

Compte tenu de la baisse de la fertilité des sols et du raccourcissement de la dut
jachéres, de nombreux travaux ont été effectués au Mali, notamment dans le sud d
en vue de promouvoir lintroduction des soles fourrageres pluriannuelles dans les sys
agropastoraux. Celles-ci sont destinées a produire en quantité suffisante du fourre
bonne qualité, a restaurer la fété des sols et a combattre I'érosion.

Les résultats enregistrés montrent @igosanthes hamate comportait mieux que
les autres especes étudiées dans cette région. Sa production fourragére cumulée :
ans atteignait 20 tonnes par hectare, soit beaucoup plus que celle des parcelles t
avoisinantes. En zone semi-aride, ses performances étaient moindres et méme par
médiocres.

Aprés trois années, il avait sur les facteurs physico-chimiques du sol un effet p
mais non significatif. Par contre, il avait un effet résiduel net sur la culture subséquen
céréale et convient donc assez bien pour la régénération des zones dégradées.

Lintroduction des soles fourragéres a été bien percue par les paysans qui y voie
nombreux avantages, tant et si bien que les superficies consacrées a ces c
augmentent dannée en année. Les principales contraintes évoquées étaient linser
la sole dans le calendrier agricole, la protection contre le bétail et la productio
semences.

Introduction of Stylosanthes hamata in agropastoral
systems in Mali: A review of bibliography

Abstract

In view of the continuing decrease in soil fertility and duration of the fallow period, m
research programmes were carried out in Mali, especially in the south of the countr
encourage the introduction of longterm fodder plots in agropastoral systems. This
designed to increase production of high-quality forage, restore soil fertility and control eros

The results show th&tylosanthes hamatserformed better than other species screen
in the area. Over a three-year period, its cumulative fodder production was 20 tonne
hectare, which was substantially higher than that of nearby control plots. In semi-arid z
however, its performance was lower and sometimes extremely poor.

Three years after establishme8thamatdnad a positive but not significant effect on th
structure and chemical composition of the soil. However, it had a net residual effect
subsequent cereal crop and therefore can be used to rehabilitate degraded soils.



This innovation was well received by farmers who see many advantages in it; her
continuous yearly increase in the land area devoted to fodder crops. However, they ider
a number of constraints to adoption, including problems related to the integration of t
plots in the agricultural work schedule, the need to protect them against livestock as w
problems related to seed production.

Introduction

Depuis quelques décennies, suite a lintroduction de nouveaux paq
technologiques et de la culture attelée, l'agriculture s'est considérablement dévelopy
Mali, et plus particulierement dans la zone sud. Ce développement s'est traduit pa
augmentation des superficies cultivées et des effectifs du cheptel.

A cela s'ajoutent l'accroissement démographique, la baisse de la pluviométrie
sédentarisation de l'élevage, lesquels ont entrainé une surexploitation des ress
naturelles. Celle-ci a eu pour conséguence une dégradation des ressources nat
laquelle a entrainé une diminution de la durée de la jachére et de la superficie des ja
une baisse de la fertilité des sols et une diminution des rendements agricoles et
production du secteur de I'élevage.

Face a cette situation, le Gouvernement malien a préné et encouragé la mise au
de méthodes de lutte contre la dégradation des sols, y compris lintroduction des
fourragéres pluriannuelles, considérées comme une technologie appropriée en lam

C'est ainsi qu’'une multitude de projets de recherche, appuyés par divers organ
(Institut royal des tropiques, Centre de recherches pour le développement internas
Agencyfor International Development des Etats-Unis, Centre international pour I'éle
en Afrique, etc.), ont vu le jour sur la conservation des ressources des terroirs.

Effectués sous la respond#b de llnstitut démnomie rurale (IER), et plus
spécialement de la Division de recherches sur les systemes de production rurale (DR
ces travaux sont exécutés par des équipes pluridisciplinaires opérant dans trois z(
savoir la zone de la Compagnie malienne pour le développement des textiles (CMI
Sikasso, Koutiala, et San, la zone CMDT de Bougouni et la zone de 'Opération H
Vallée (OHV), cest-a-dire les cercles de Banamba, Koulikoro, Kati, Kangaba et le dis
de Bamako.

Plusieurs thémes de recherche ont ainsi été abordés. Ainsi, dans la zone cotor
laDRSPR méne, en collaboration avec le Projet agro-écologique (PAE), le Projet de
anti-érosive (PLAE) et la CMDT, organisme de vulgarisation de la zone, des reche
sur lintégration agriculture-élevage et le maintien de la fertilité des sols notammen
lintroduction de légumineuses fourragéres dans la rotation.

Dansla zone CMDT de Bougouni (Madina-Diassa) et autour de Bamako, le CI|
a exécuté un programme de recherche visant & promouvoir lintégration des aci
agricoles et pastorales a travers le développement des cultures fourrageér
lagroforesterie. Le méme théme a été exécuté dans la zone Haute Vallée (cerc
Kangaba et Banamba) par lOpération Haute Vallée et TUSAID.

En zone semi-aride, d'autres recherches ont également été effectuées surlesc
fourragéres en collaboration avec lTUSAID.

Enfin, depuis 1991, le projet Production soudano-sahélienne (PSS) effectue d
région de Ségou des essais sur diverses especes fourragérg/bsanthes

La présente étude passe en revue lensemble des travaux effectués dans le c:
lintroduction deStylosanthedans les systémes culturaux, avec pour objectifs la produc
de fourrage pour la complémentation alimentaire du cheptel en saison s¢
lamélioration de la fertilité des sols et la lutte contre I'érosion.



Ces différents aspects seront examinés en fonction des zones agroclimatique
ailleurs la situation actuelle des sols sera examinée, notamment en ce qui conce
production fourragére en 1992, la persistance et la capacité de resemis et de comg
de Stylosantheaprés une ou plusieurs années aprés son installation. Enfin, la perce
paysanne de lintroduction des cultures fourragéres d'une facon générattgbdanthes
en particulier dans les systémes agropastoraux sera présentée.

La zone d’étude

La zone détude englobe toute la région communément appelée Sud-Mali, €
correspond a la zone dintervention de la CMDT, ainsi que la zone de I'Opération H
Vallée (OHV).

Climat

La majeure partie de la zone jouit d'un climat de type soudanien, avec des vari
soudano-sahéliennes au nord-est et soudano-guinéenne au sud. Il existe du nord at
gradient pluviométrique délimitant trois zones climatiques, a savoir une zone semi-
(soudanien nord), une zone subhumide (soudanien sud) et une zone humide (g
nord).

Les caractéristiques de ces zones sont présentées au tableau 1.

Tableau 1. Caractéristiques climatologiques de la zone d'étude

Zone Semi-aride Subhumide Humide
Pluviométrie

moyenne (mm) 500-900 900-1100 1100-1300
durée en jours 50-60 60-100 90-120
mois le plus pluvieux aodt (220 mm) aodt (300 mm) aodt (400 mm)
Température

moyenne annuelle 27-28 26-27 28
maximum 35 (mai) 31 (avri-mai) 33 (avril)
minimum 22 (janvier) 22 (janvier) 25 (décembre)

Evapotranspiration

potentielle
moyenne annuelle (mm/an) 2300-2800 1900-2500 2300
maximum annuelle (mm/mois) 280 270 280
minimum annuelle (mm/mois) 160 130 135

On distingue une saison des pluies allant de juin & octobre, suivie dune saison
de novembre a mai. La pluviosité annuelle varie fortement d'un site a l'autre et po
méme site d'une année a lautre (tableau 2). L'écart type de la pluviosité est variable,
de 15-20% en zone humide & 30-50% en zone semi-aride. Cette variabilité
conséquences importantes sur la production des paturages et des cultures.



Végétation

Le PIRT (Projet Inventaire des ressources terrestres) (1986) a identifié 10 z
agro-écologiques dans le Sud-Mali, une zone dont la végétation est presque to
perturbée par Thomme en quéte de bois de chauffage ou de nouvelles terres de c
Elle présente plusieursvariantes allant des foréts claires auxsavanes arborées et ark

Dans les zones cultivées, la végétation est une savane parc ou ne sont épargr
guelques grands arbres directement utiles a 'lhomme tel¥itgilaria paradoxa, Parkia
biglobosa, Acacia albidat Adansonia digitata

Quant a la végétation des jachéres, elle est dominée au ndedifgaa senegalensis,
Piliostigma reticulatumet Ziziphus mauritianaet au sud paAnnona senegalensist
Deutarium microcarpun{PIRT, 1986).

Sur les plateaux et les glacis, la végétation est une savane arborée ouverte en ¢
mais plus dense au sud. Elle est dominée au nor@tpexcarpus lucens, Combretusp.,
et au sud palsoberlinia doka, Deutarium microcarpugt Pterocarpus erinaceus

Desforéts galeries se rencontrent le long des cours d'eau. Au nord, la strate hel
est dominée essentiellement par des plantes annuelles, notarAmeémpogon
pseudapricus, Loudetia togoensis, Schoenefeldia gralliss au sud, certaines graminée
vivaces commeAndropogon gayanus, Hyparrhensp. ou annuelles comnfeennisetum
pedicellatumou Diheteropogon hagerupileviennent plus fréquentes.

Résultats

Lintroduction des soles fourragéres en vue de la production de fourrage et
régénération des sols a commencé au Mali depuis 1974eussuit encore, notamment
en zone CMDT. Ainsi, pour la campagh®91/92, le PLAE a distribué 200 kg de semenc
de Stylosanthes hamataour lintroduction des soles fourragéres dansikages situés
autour de Koutiala. Pour la campagne 1992/93, le méme projet prévoit de distribuer
kg de semences d&&tylosanthes

Les soles dé&tylosanthemtroduites dans l'assolement ont été implantées pour L
période de trois ans avant d€tre mises en culture sous céréales. Larriere-eff
Stylosanthesur le rendement des céréales a pu ainsi étre évalué. Apres linstallatic
Stylosanthesdes mesures ont été effectuées pour suivre la production de fourrag
jacheres. Des échantillons de sol prélevés avant et aprés linstallat®tglasanthesnt
été analysés en vue d'évaluer linfluence de la jachere sur la fertilité du sol.

De nombreuses données ont donc été collectées, notamment sur la prod
fourragere annuelle ou cumulée sur trois ans, I'évolution de la fertilité des sol
rendement céréalier aprés une sole fourragére et I'érosion du sol.

Lestravaux effectués dansla zone Sud-Mali ont permis d'établir des fiches techn
résumant toutes lesdonnées nécessaires pour linstallation des soles fourragéres, y «
la zone agro-écologique, les catégories cibles, le calendrier agricole, le type de site, le
de semis, la préparation du sol, I'entretien de la sole, la récolte de semences, etc. Ce
peuvent étre obtenues auprés de la DRSPR.

Production fourragére des soles
En zone CMDT

En 1986, neuf soles fourragéres ont été installées dans titaigey suivant un
dispositif en split-plot, avec deux niveaux de cldture (avec et sans), deux blocs par r
de clbture, trois doses de phosphate naturel de Tilemsi (PN3BPQGet 600 kg/ha), et
guatre traitements dont trois espéces fourragéres et une jachére naturelle comme t



La superficie dune sole était de 10 507 rapartis en 48 sous-parcelles. On trouvera
tableau 2 la répartition des espéces par village.

Tableau 2. Répartition des especes des soles fouragéres

Village N°du traitement Espéces

1 Cenchrus ciliarist Stylosanthes hamata
Macroptilium atropurpureum + Clitoria tematea
Stylosanthes hamataur

jachére naturelle

Tominian

Brachiaria ruziziensis Stylosanthes hamata
Koutiala Cenchrus ciliarist Stylosanthes hamata
Stylosanthes hamatzur

jachére naturelle

Pl W oo RPN

Brachiaria ruziziensis Stylosanthes hamata

N

Fonsébougou Panicum maximum Stylosanthes hamata

w

Stylosanthes hamataur
jachére naturelle

Les mesures effectuées sur ces soles ont permis de comparer le taux de couver
sol par les différentes espéces ainsi que la production de biomasse fourragéere. On tr
au tableau 3 les données relatives au recouvrement végétal des espéces de
fourragéres.

Stylosanthes hamatgpparait comme lespéce la plus performante. Cependant, y
avoir une bonne couverture du sol, les soles doivent étre protégées contre le bétail,
au nord.

Tableau 3. Taux de recouvrement (%) des espéces des soles fourmagéres apres deux saisons d
en zone CMDT

Espece
Pluviosité Stylosanthes Brachiaria Cenchrus
Zone (mm)
C NC C NC C NC
Nord 600 75 28 45 3 12 1
Centre 750 98 85 41 13 14 2
Sud 900 84 72 55 22

Source: DRSPR, données non publiées.
C= cléturé; NC=non cléturé.

Il ressort des chiffres de production de biomasse sur trois ans que la produ
fourragére était considérable et augmentait en fonction de la pluviosité, atteig
20 tonnes en moyenne au sud. Silon suppose que le tiers de cette production pe
utilisé, un hectarg@ourrait nourrir 2,3 UBT pendant cinqg mois de la saison séche.

Le tableau 4 présente la productivité moyenne de biomasse des soles fourragé
zone CMDT pour une période de trois ans.



Tableau 4. Productivité moyenne des soles fourrageres pour trois années en zone CMDT

Pluviosité Biomasse (t MS/ha)
Zone (mm) Totale Coup8
Nord 600 8 6,4
Centre 750 14 11,2
Sud 900 20 16

&En coupe, on considére 20% de pertes.

Source: DRSPR, 1992a.

Les mesures effectuées aprés une année montrent que la production annuell
entre 2 et 6 tonnes/ha dans le sud, ce qui dénote dimportantes différences interanr
et intersites. Celles-cipeuvent sexpliquer par l'existence de pochesde sécheresse, le
tardifs, lutilisation d'engrais et la géonpnologie. En culture pur&tylosanthes hamata
a un meilleur recouvrement, mais il semble que l'association Braahiaria donne des
rendements plus élevés (tableau 5, 6 et 7).

Tableau 5. Production de biomasse de la sole fourragére de Nangazanga Traore a Faniena, un an
linstallation (1989, zone sud)

Biomasse Différence avec
Traitement (kg de MS/ha) le témoin Observations
Stylosanthes + 6500 776 Stylosanthes 1/3 de la
Brachiaria biomasse
Brachiariapur 5610 —144 Brachianaisolé, présence de

Stylosanthes

Stylosanthepur 6720 966 Bnne couverture du sol
Jachére naturelle 5754 - Présence&Stdosanthepar

endroits, Brachiaria absent

Source: DRSPR, 1990.

Tableau 6. Production de biomasse de la sole fourragére de Niagale Traore a Fonsébougou, un an
linstallation (1989, zone sud)

Biomasse Différence avec

Traitement (kg de MS/ha) le témoin Observations

Stylosanthes + Brachiaria 3744 1586 Espéces spontanées rares

Brachiaria pur 2957 799 Degré de salissement entre
9 et 55%

Stylosanthepur 3019 861 Degré de salissement
moindre, de 0 a 30%

Jachére naturelle 2158 - Uniquement espéces non

introduites

Source: DRSPR, 1990.

Aprésun feu,lessoles peuvent encore produire des quantitésimportantesde fol
mieux, il semblerait méme, comme on a pu le constater sur l'une des parcelles ar
passage accidentel d'un feu, que le passage du feu stimule cette production (tablea



Tableau 7. Estimation de la production de biomasse par sole fourragére dans la zone de Fonséb

(1986)
Traitement Kg/ha
Jachére naturelle 1440
Stylosanthes hamata 2189
Brachiaria ruziziensis 1830
Stylosanthes + Brachiaria 3572

Source: DRSPR, 1987.

Tableau 8. Production de biomasse de l'ancienne sole fourragére de Niagale a Fonsébougou ap

feu
Biomasse Différence
Traitement (kg de MS/ha) avec le témoin Observations
Stylosanthes +
Brachiaria 8865 3665 Brachiaria absent
Brachiariapur 7880 2680 Brachiariaisolé
Stylosanthepur 5400 200 Bnne couverture du sol
parStylosanthegsolé
Jachére naturelle 5200 - Stylosanthegsolé,

Brachiaria absent

Source: DRSPR, 1990.

En zone OHV

Dans cette zone, 11 villages ont installé des jachéres améliorées tegfyisoutes
mises en valeur pendant la campagne 1991/92, a lexception de cellagkide Landée,
au sud de la zone. Il existe donc actuellement peu de soles fourrageres pluriannuelle
le contrbéle de IOHV, les soles actuelles étant celles installées par le CIPEA dans la
péri-urbaine de Bamako.

Le tableau 9 présente des données relatives a la quantité et a la qualité du fo
produit sur les jacheres du sud aprés deux années d’installation.

Tableau 9. Effet de deux types de jachére surla quantité et la qualité du founagdeipen zone OHV

Biomasse
Type de jachere (t/ha) Cellulose N P
Stylosanthes hamata 6,3 41 0,8 0,05
Jachére naturelle 4,1 42 0,6 0,06
Niveau de signification * n.s. n.s. n.s.
CVv 34 18 34 19

* Significatif au seuil de 5% n. s. = non significatif.
Source: DRSPR, 1990.

Aprés la deuxiéeme année, la jachére améliorée a une production de fourrage
élevée, mais de méme valeur fourragére avec cependant un Iéger avantage en azo

Les productions moyennes calculées par zone confirment linfluence de la pluvi
sur la productivité des soles (tableau 10). En effet, la production de biomasse varie
7 tonnes/ha pour une pluviosité annuelle allanb@@a 1 000 mm en moyenne.



Tableau 10. Effet de la pluviosité surla quantité et la qualité du fourrage de deux types de jachére
différents villages de la zone OHV

Pluie Biomasse (t/ha) Phosphore
Village Localisation  (mm)? INA JAA INA IAA
Balanzan Sud 937 3,66 6,76 0,04 0,07
Kanika Nord 566 3,50 3,20 0,05 0,07
Gouani Est 1050 4,20 5,20 0,08 0,11

JNA = jachere naturelle
JAA = jachere améliorée (ensemencé&tdnsanthas
2 moyenne de 1987-1991.

b estimée sur la base des isohyetes.

Source: DRSPR, 1992b.

La production de biomasse était significativement différente entre les villages dt
et ceux de l'est, de méme qu’entre ceux du nord et ceux de l'est pour les mémes va
Par ailleurs le fourrage provenant de la jachére améliorée était plus riph@grhore.

Madina-Diassa et Sotuba

Le CIPEA atesté de 1987 a 1988 la faili#bdes banques fourrageres sur trois site
Deux dentre eux étaient localisés a Madina-Diassa dont un sableux et l'autre argile
troisiéme a Sotuba. Cesbanques, en fait desjachéresaméliorées, étaient destinées:
au bétail une alimentation complémentaire de saison séche.

Sur chaque site, une superficie de 4 ha a Madina-Diassa et de 6 ha a Sotub:
labourée, fertilisée avec du superphosphate simp®9 kg/ha) et ensemencée d
Stylosanthes hamatd.0 kg/ha).

L'installation de ces banques a été précédée d'essais de criblage destinés a ide
les espéces ou variétés adaptées aux différents Sitgesanthes guianens&st révélée
la plus productive, suivi d8. scabraet deS. hamataMais les deux premieres étant tré
sensibles a l'anthracnose, elles furent abandonnées au pré&fithdenata

Le bilan des données recueillies sur les différents sites est présenté au tableau

Tableau 11. Principales données recillees sur les banques fourrageres a Madina-Diassa et Sotub

Madina Diassa Sotuba
(site sableux) (site argileux) (site sableux)

Parametres 1987 1988 1987 1988 1987 1988
Pluviométrie (mm) 1105 1069 1105 1069 829 1088
Densité dLStonsanthesmz) 18 1492 14 820 40 1570
Hauteur duStylosanthegcm) 49 83 53 88 74 72
Biomasse totale (kg MS/ha) 1800 5540 3825 6129 8000 10200

Stylosanthe§%) 39 87 12 25 78 71

Graminées (%) 36 7 51 54 9 18

Dicotylédones (%) 25 6 37 21 13 11

Source: CIPEA, données non publiées.



La faible production enregistrée en 1987 a Madina-Diassa est due a une mise er
tardive de l'essai (semis en aolt). En deuxieme année, la production de biomass
importante sur sol sableux suite a un bon niveau de resemis naturel. Sur sol ar
Stylosanthea souffert de la forte compétition des autres herbacées quireprésentaien
de la biomasse totale. Dans cette zone, il ne saurait donc étre question de géne
lintroduction deStylosanthea tous les types de sol.

Au Centre de recherches zootechnigues de Sotuba (CRZ), des essais ont été
de 1988 a 198pour étudier la réponse @&ylosanthes hamatu phosphore. En effet,
lintégration des soles fourrageres dans les systemes agropastoraux nécessite d'éte
besoins en éléments nutritifs des espéces introduites et de fixer des critéres pour ju
leur rentabilité. Les engrais étant considérés comme l'un des facteurs primgrdiaux
augmenter la productivité des cultures, deux sources de phosphore ont donc été te
savoir le phosphate naturel de Tilemsi (PNT) et le superphosphate simple. Aprés
années de production, aucune différence n'a été enregistrée entre la producti
Stylosanthedes parcelles ayant recu ces deuxtypes de phosphore (tableau 12). Par «
une différence significative existait entre la production des parcel@tyltsanthest celle
de la jachére témoin.

Tableau 12. Effet du niveau et de la forme de phosphore sur la production (kg/h&jyldsanthes
hamatsau CRZ de Sotuba

Niveau phosphore
PO SPS150 Témoin

Année
PNT150 PNT300 PNT450
1988 S.hamata 3240a 2098a 4071a 2293a 3089a 0
Autres
herbacées 1920b 2779a 1151b 1573b 1502b 3044a
Total 5160a 4877a 5222a 3866a 4591a 3044b
1989 S.hamata 8226a 8183a 7563a 8799a 7623a 231b
Autres
herbacées 816a 1122a 994a 816a 754a 2994b
Total 9042a 9305a 8557a 9615a 8377a 3225b

Les moyennes suivies de la méme lettre ne sont pas significativement différentes.
PO = sans phosphore; SPS® = 150 kg de supphosphate simple/ha; PNB0 = 150 kg d@hosphate naturel
de Tilemsi/ha,etc.

Source: CIPEA, 1989.

En zone péri-urbaine de Bamako

Dansle cadre d'un programme conjoint exécuté par l'lnstitut d'économie rurale (I
et le CIPEA pour l'amélioration de la production laitiére autour de Bamako, des ban
fourragéres ont été installées dans quatre villages a savoir Falan, Sanankc
Bancoumana et Tienfala.

La production de biomasse en premiére année fut décevante dans les quatre \
en raison d'un semis tardif. Mais en deuxiéme année, elle était appréciable sur tous e
(tableau 13).



Tableau 13. Production de biomasse des soles fourragéres de la zone péri-urbaine de Bamako

Pluviosité (mm) Biomasse (kg de MS/ha)
Village® 1990 1991 1990 1991
Falan 812 943 2877 8635
Sanankoroba 816 938 1985 5200
Bancoumana 774 888 2580 6200

&Les données n'ont pu étre collectées a Tienfala.

Source: CIPEA, données non publiées.

N.B. Dans la zone semi-aride de Banamba (pluviosité 500 a 600 mm), le CIPEA a
daméliorer les jachéres aveltylosanthesLes difféerentes espéces testées no
malheureusement pas pu s'‘établir de facon satisfaisante car elles n‘ont pu sup
la saison séche et leur production de semences était trop faible pour leur perr
de repousser au cours de la saison suivante (Bartholomew, 1988).

Effet sur la fertilité du sol

L'influence de la jachere améliorée sur larégénération de la fertilité du sol et l'arri
effet sur le rendement des céréales ont été rapportés dans de nombreux travaux
influence doit étre appréciée a travers les réponses a un certain nombre de questic

Ainsi, une jachére améliorée de 3 ou 5 ans posséde-t-elle la méme capac
régénération qu'une jachére naturelle de 15 a 20 ans?

Une jachére améliorée peut-elle permettre de diminuer sensiblement les prob
d'érosion? Peut-on exploiter une jachére améliorée, donc exporter une partie des élé
nutritifs et sattendre en méme temps a une régénération des capacités productives

Avant de répondre a cestrois questions, ilimporte de faire un brefrappeldes fon
d'une jachére naturelle.

Selon Nye et Greenland (1960), la jachére de longue durée vise a restaurer le |
des éléments nutritifs et de carbone, & améliorer la structure du sol, a supprim
mauvaises herbes et les parasites et a empécher I'érosion. Ces auteurs rapj
également que le taux de matiére organique dans un systéme de culture est tc
inférieur a celui d'une végétation naturelle. En zone soudanienne, le niveau de ca
dans une végétation de jachére tournerait autour de 60% déquilibrium d'une végét
vierge.

Les effets d'une jachére de courte durée sur les propriétés physiques du so
comparables a ceux dune culture céréaliére. Sur le plan des propriétés chimique
ralentit le processus d'appauvrissement sans entrainer une amélioration. En revancl
augmente le niveau de calcium (tableau 14).

Tableau 14. Bilan annuel prdbable des éléments nitifs au Sud-Mali dans une jachere a graminée
annuelles et dans quelques cultures (kg/ha)

Eléments nutritifs Jacheére Mil Sorgho Arachide
N -5 —47 -32 -40
P +1 -3 -3 -3
K -7 =37 =27 -38
Ca + 13 + 4 +5 -25
Mg +1 —7 -5 —20

Source: Van der Pol, 1990.



On peut distinguer trois stades dans I'évolution d'une jachére. D'une durée d'en
guatre ans, le premier stade est caractérisé par la prédominance des graminées an
La régénération du sol est négligeable car les graminées annuelles épuisent le sol ef
ajoute les pertes par érosion, l'exportation de carbone peut atteindre 100 kg/ha. La
ce stade est marquée par le remplacement des graminées annuelles par des gr:
pérennes.

Le deuxiéme stade est dominé par les graminées pérennes qui, par un recyclage
interne de leurs éléments nutritifs, contribuent a augmenter le taux de matiére orga
du sol, et au bout de quinze ans, on assiste a une amélioration de certaines caractér
du profil cultural (amélioration de linfiltration).

Le troisieme stade enfin est caractérisé par une prédominance des arbustes
augmentation de la teneur en éléments nutritifs.

Zone CMDT

La DRSPR a rapporté des résultats enregistrés en zone CMDT sur leffet des
fourragéres sur la fertilité du sol et le rendement des céréales. Alors qumdésd sont
disponibles sur I'évolution des taux d'azote et de phosphore, la teneur en carbone e
physigue du sol ont été généralement peu étudiés.

Les soles ont été établies en 1988 avec ou sails#idn sur des parcelles de 1 he
La durée de la sole était en général de trois ans avant linstallation de la culture
échantillons de sol prélevés un an et quatre ans apres linstallation de la sole dans «
village ont été analysés. Aprés trois années, les jachéres ont été mises en culture.

Il ressort des résultats des analyses gque les jacheres améliorent les fa
physico-chimiques du sol, méme si l'effet de la sole fourragere ne semblait pas supé:
celui du témoin dans l'ensemble de la zone.

Le pH des sites, qui était globalement acide (4,55< p@H 5,68), a augmenté de
0,5 pour l'ensemble des sites. Une hausse de la quantité de phosphore assimilabl
observée en zone humide. Aprés trois années, le rapport C/N allait de 8 a 12, conti
25 au départ, ce qui représente une amélioration (DRSPR, 1992c).

L'influence de la jachére améliorée sur le rendement de cultures subséquent
céréales a été signalée dans plusieurs études. D'une facon générale, les rendem
grains du sorgho sur les soles sont nettement meilleurs que ceux des parcelles avois
(tableau 15).

Tableau 15. Amiére-effet de l'implantation d8tylosanthesur la production du sorgho de l'ancienne
sole de Niagalé a Fonsébougou

Rendement grain

Traitement (kg/ha)
Stylosanthes + Brachiaria 995
Stylosanthes + Brachiarian lignes alternées 979
Brachiariapur 848
Stylosanthepur 953
Jachére naturelle 518

Source: DRSPR, 1990.

Une comparaison avec les rendements du témoin montre des écarts de 477 kg,
435 kg et 330 kg/ha. Il apparait également que les traitementSalesanthes hamata
donnent un rendement supérieur aux autres.



Cependant, il convient de signaler que seuls le site et la cléture ont un effet p
significatif sur lensemble des soles mises en culture (DRSPR, 1992).

Zone OHV

Dans cette zone, l'effet bénéfique de la jachére sur la fertilité du sol a aussi été si
bien que cela n‘ait pas été étayé par des chiffres concrets. Les soles sont restées e
pendant trois ans avant d'étre mises en culture.

Linfluence de la jachére améliorée sur le rendement du sorgho a été signa
Dalacana et Niaganabougou, deux villages de la zone sud (tableau 16). Les ré
montrent quil n'y avait pas de différence significative entre les rendements obtenus

les deux types de jachere. De méme, leffet de la fertilisation n’était pas significatif €
les deux pratiques de jachére.

Tableau 16. Effet de la jachére améliorée sur le rendement du sorgho a Dalacana et Niaganabo

(zone OHV)
Traitement (kg/ha) Type de Rendement (kg/ha)
Dalacana  Niaganabougou jachere Moyenne PNT Urée
0 0 paysanne 1054 1603 1328
300 50 paysanne 1646 1427 1536
0 0 améliorée 1670 1982 1826
300 50 améliorée 1798 2004 1901

Source: DRSPR, 1992b.

CRZ de Sotuba

En 1988, un deuxiéme essai avait été réalisé au CRZ de Sotuhmoavexbjectif de
mesurer l'effet résiduel d8tylosanthes hamatsur une culture subséquente de sorgh
Les résultats ont montré un arriere-effet assez net sur la production de grainsdu s
Alors que la production n'augmentait pas de facon significative avec une application d'
un apport de phosphore laugmentait en revanche de facon sensible (tableau 17).

Tableau 17. Effetdes niveaux d’azote et de phosphore et d'une cult@gdsanthesurle rendement
en grain du sorgho

Traitement Rendement (t/ha)
Culture précédente

sansStylosanthes 1,37

avecStylosanthes 1,56
Azote

NO 1,42

N25 1,51

N50 1,45
Phosphore

PO 1,02

P50 1,90

Source: CIPEA, données non publiées.



Effet sur I'érosion du sol

Comme indiqué plus haut, le paysage agraire du Sud-Mali s'est rapidement trans
depuis une trentaine d'années suite au développement de la culture du cotot
lintroduction de la traction animale, avec comme conséquences une augmentatic
effectifs animaux et des superficies cultivées, une diminution de la durée des jaché
une dégradation notable des parcours. A titre dexemple, citons le cas de Kaniko o
de la moitié desterres sont cultivées et 75% de 'ensemble de la superficie est plus ou
dégradée (KIT, 1992). On comprend donc que l'un des soucis majeurs des paysansc
a trouver des technigues simples capables de freiner le ruissellement.

Des expérimentations menées depuis 1980 par la DRSPR ont conduit a I'é¢labo
d'un modéle de lutte anti-érosive diffusé danstoute la zone CMDT. Celui-ci compren
ouvrages de diversion et d'évacuation des eaux (drains de ceinture, exutoires, digue
diversion), des travaux de freinage du ruissellement (cordons pierreux, haies vives, t
d'arrét enherbées), la pérennisation des systémes de protection (haies vives, plal
d'arbres en bordure des parcelles, réintroduction de larbre dans les champs) ¢
techniques culturales adaptées (grattage en sec ou en demi-humide, fumure organ
buttage cloisonné).

Dansleszones dégradées, diverses espéces sont upitisg dimstallation des bandes
enherbées, les plus importantes ét#antiropogon gayanuet Stylosanthes hamata

En 1991, le plan de lutte anti-érosive déllages prévoyait 100 m de bandes
enherbées réparties dans trois villages de la zone de Tominian. Avec des dimensi
100 m sur 5, les bandes étaient labourées puis ensemencées avec JiQlgsdrthes
300 g deCenchrus ciliarisou 1,5 kg dAndropogon gayanus

Dans les zones de Sikasso et de Koutiala, environ 21 km de bandes enherbées
réalisées dans 11 villages. Ces bandes ont un effet visible sur le ruissellement et surt
les pertes d’engrais.

Larégénération de la végétation dans ces bandes a été évaluée enjuillet et sep
par la méthode des points quadrants alignés sur trois parcelles cléturées de 35 m
Les parcelles 1 et 2 ont été semées a la volée avec un mélaBpdodanthes hamatt
de Cenchrus ciliariset leur surface a été recouverte d'une couche de tiges de céréa
de coton de quelques centimétres d’épaisseur. La surface nue de la parcelle 3a e
été soumise a un grattage superficiel.

Il ressort des résultats des mesures de régénération effectuées en 19¢€
Stylosanthes hamatgatait bien représenté dans les parcelles 1 et 2, mais trés discret
la parcelle 3. Par ailleurs, le recouvrement végétala augmenté jusqu'a 70% alors quiil
gue de 38% dans la parcelle 3. La réinstallation de la végétation sur les terrains dé
en vue de la lutte contre I'érosion, pourrait se faire avec des bandes enherbées col
de résidus de récolte. Il a en outre été constaté que le grattage n'avait pas deff
létablissement deStylosanthesen premiére année. Enfin, deux graminées, a sa\
Andropogon pseudapricus et Pennisetum pedicellattai@nt dominantes. Etant donné gu
ces deux espéces sont indicatrices d'une amélioration de la fertilité du sol, linflu
bénéfique de&tylosanthes hamatar la fertilité du sol est ainsi indirectement établie.

Les paysans et la sole fourragere

Lintroduction des solesfourragéresen milieu paysan est une pratique récente at
Une telle initiative ne va pas sans probléme car le paysan, souvent méfiant et trés a
a cescoutumes, hésite beaucoup des qu'il s'agit de substituer une nouvelle pratique &
“douteux’ a une activité établie de longue date. Comme pour toute innovation, le s
passe par un certain nombre de conditions. Ainsi, on doit se demander silinnovation

en compte une préoccupation réelle du paysan, si la motivation de celui-ci est suff



pour en assurer le succes, si elle est rentable, compte tenu du temps, de l'espac
'énergie nécessaires en comparaison avec lactivité principale du paysan, et s
rendement est supérieur au rendement habituel.

Cette liste n'est guére exhaustive et pourra sallonger en fonction des caractéris
de chaque zone.

Aprés linstallation des soles, des enquétes ont été menées poulirdopion
des paysans sur cette innovation. Elles avaient pour but de mettre en éviden
contraintes et ses avantages, mais aussi de rapporter comment les paysans pel
globalement lintroduction des soles fourrageres dans leur terroir.

Les réactions enregistrées étaient trés variables suivant les années, les zone
niveau d'équipement des paysans. Certains d'entre eux n’étaient intéressés que
production fourragére des soles, alors que d'autres accordaient plus dimportance al
contre I'érosion. Les paysans les moins bien équipés étaient moins intéressés par le
fourragéres, car disposant de peu d'animaux, mais dune facon générale, avaien
accueilli cetteninovation apres trois années d'expérience.

Les avantages cités sont la production de fourrage de bonne qualité, bien appé
les animaux et qui permet non seulement de limiter la divagation et d'obtenir de la fu
dans les champs, mais également d'augmenter la production du bétail car les mis
interviennent en début de saison seche dans de nombreuxvillages, c'est-a-dire au
ou lalimentation du bétail devient difficile. Par ailleurs, la sole fourragére améli
l'alimentation des vaches laitiéres et réduit la mortalité des veaux. Elle permet en ou
maintenir les boeufs de labour dans de bonnes conditions physiques, de restauilééla
des sols (les feuilles tombant sur le sol jouant, selon les paysans, le role de ft
organique), de combattre I'érosion, d’accroitre les revenus monétaires par la vent
fanes ou des semences (1 kg de semen8&éytiessanthesolite 5000 FCFA en zone OHV)
et de supprimer les mauvaises herbes.

L'un des problémes majeurs évoqués par les paysans est la difficulté dinsertio
soles dans le calendrier agricole, surtout lorsque les paysans sont mal équipés ou
date de démarrage de la saison des pluies change régulierement. Par ailleurs, la pét
fauche coincide avec la récolte des céréales et les soles doivent étre protégées co
animaux étrangers car en l'absence de cloture, lutilisation du fourrage devient colle:
ce qui en diminue limpact sur le troupeau du propriétaire. Enfin l'approvisionnemer
semences n'est pas toujours facile, car la techniqgue de production utilisée nécessi
formation préalable.

L'objectif de linstallation des soles est fonction de la situation particuliére de cha
village (tableau 18).

Tableau 18. Opinion des paysans sur le degré de priorité (%) des objectifs de la sole fourragére

Degré de priorité (%) de l'objectif

Nbrg—z de Lutte contre
Village participants Fertilité l'érosion Fourrage
Kola 23 30 56 14
Karangana 32 47 0 53
Ségain 44 45 5 50
Touroumadié 22 9 45 45

Source: DRSPR, 1992d.

La production de fourrage était l'objectif visé par la majorité des paysans, a I'exce|
du village de Kola ou la priorité allait a la lutte contre I'érosion.



Lintroduction des soles fourragéres en milieu paysan est doncnmogation qui
gagne du terrain dannée en année et dont les conséquences dépassent largement
des villages de prévulgarisation, dans la mesure ou ces soles contribuent a améli
productivité globale dune région entiére. La demande accrue de semences de cl
fourragéres ces dernieres années est un signe de lintérét manifeste des paysans
cultures fourragéres en général et pStylosantheen particulier. Il est donc nécessair
de renforcer cette action en vue de freiner la dégradation de I'environnement et amé
les systémes de production agropastoraux.

Conclusion

En conclusion, on peut dire que la sole fourragére peut permettre de résouc
partie le probléeme de la pénurie de fourrage en zone Sud-Mali. Le fourrage produ
les soles pendant trois années est considérable et sa qualité est Iégérement supé
celle du témoinStylosantheaméliore les facteurs physico-chimiques du sol, mais son e
n'est pas meilleur que celui du témoin. Aprés trois ansgdpad C/N est amélioré et son
influence sur les rendements de la culture subséquente de sorgho est nettement
Par ailleurs, grace a un bon recouvrement du Stylpsantheconvient bien pour la
régénération des zones dégradées.

La sole fourragere pluriannuelle a été bien acceptée en zone Sud-Mali par les p:
quiy voient beaucoup d'avantages, notamment la production de fourrage, laugment
de la productivité du cheptel, la lutte contre I'érosion, la suppression des mauvaises |
avant la culture du sorgho, la lutte contre la divagation du bétail et une augmentati
la production de fumier. Les principales contraintes évoquées sont la difficulté d'inse
de la sole dans le calendrier agricole, la nécessité de protéger la sole contre les anir
les problémes rencontrés dans la production de semences.

Références

Bartholomew P. 1988. Recherche sur les systémes de production agricole en zone semi-aride
Recherche sur la production de lait et de la viande des bovins et petits rumiants. La tr:
animale et la production fourragére. Avant-projet. AoQt 1988. 94 p.

CIPEA (Centre international pour I'élevage en Afrique). 1989. Résultats desrecherches mene
les cultures fourragéres en zones semi-aride et subhumide du Mali. CIPEA-Mali, Bar
(Mali).

DRSPR (Division de recherches sur les systéemes de production rurale)R&pgdrt de synthése.
Commissions techniques spécialisées sur les systémes de production rurale, IER (I
d'économie rurale, Bamako (Mali).

DRSPR (Division de recherches sur les systémes de production rurale) RE3®Mats de la
campagne 1989-1990. Volet OH&ommissions techniques spécialisées sur les systeme:
production rurale, IER (Institut d'économie rurale), Bamako (Mali).

DRSPR (Division de recherches sur les systéemes de production rurale) Sygtase des résultats
de la campagne 1991-1992R SPR, Sikasso, IER (Institut d'économie rurale), Bamako (Ma

DRSPR (Division de recherches sur les systemes de production rurale).R8S@kats campagne
1991-1992. Volet OH\Comité technique régional sur les systéemes de production rurale. Ce
de Sotuba. IER (Institut d'économie rurale), Bamako (Mali).

DRSPR (Division de recherches sur les systemes de production rurale) Sigilése des résultats
de la campagne 1991-1992. Axe Bmug-Sikasso Comité technique sur les systémes ©
production rurale. IER (Institut d'économie rurale), Bamako (Mali).

DRSPR (Division de recherches sur les systéemes de production rurale). RPagaukitions de
programmes pour la campagne 1992—19€R (Institut d'économie rurale), Bamako (Mali).



KIT (Institut royal des régions tropicales), 199wofil d'envionnement Sud-Mali1992 KIT,
Amsterdam (Pays-Bas).

Nye P.H. et Greeland D.J. 196Dhe soil under dtivation. Technical communication 51, CAB
(Commonwealth Agricultural Bureaux), Slough (R.-U.).

PIRT (Projet Inventaire des ressources terrestres). Ze8tage agro-écologique du Malol. | et
Il. CCE (Commission des communautés européennes)/USAID (United states Agenc
International Development), Bamako (Mali).

Van der Pol F. 199Q.épuisement des temes une source de revenus pour les paysans du Mali
Communication faite aux rencontres internationales Savanes d’Afrique Terres Fertiles, :
décembre 1990. CIRAD (Centre de coopération internationale en rechercmomagiue
pour le développement), Montpellier (France). 15 p.



Modélisation de I'impact technico-économique
de l'introduction de  Stylosanthes hamata dans
les systemes agraires villageois au Sud-Mali

D. Kébé

DRSPR/Sikasso
B.P. 186, Sikasso (Mali)

Résumé

Une des caractéristiques essentielles des systémes agraires villageois au Sud-\
la pratigue de la jachére. Celle-ci se justifie par ses multiples fonctions, y comp!
maintien de la fertilité des sols, la lutte contre les adventices et la production de fou
destiné a améliorer l'alimentation du bétail.

L'analyse de I'évolution desjachéres montre que celles-ci sont de plus en plus lin
dans le temps et dans lespace en raison de la forte pression démographique
laccroissement des effectifs animaux. Cette situation a conduit I'équipe de la Divisio
recherches sur les systéemes de production rurale (DRSPR) a rechercher de no
modes de gestion des jachéres.

Lancées en 1984, ces recherches dirunréel ont porté sur lintroduction d'espéce
pérennes de légumineuses fourragégtgl¢santhes hamataCelles-ci ont été associée
aBrachiaria ruziziensigjne graminée pérenne, sousforme de solesfourragéressurjac
de courte durée.

Les résultats de trois années dénotent, par rapport aux especes annuelles
fourrager), une meilleure adaptabilité 8¢ylosanthes hamatat une productivité plus
élevée.

Cette phase expérimentale a été suivie d'une analyse économique de ladopti
cette espéce, sur la base d'un modéle simple de programmation linéaire, en vue d’é
son impact sur 'ensemble du systeme.

Il ressort des résultats enregistrés qu'une fois garantis les débouchés des prodt
animales, la culture d8tylosanthes hamataermettait un accroissement du revenu d
exploitants grace a ladoption dactivités plus productives basées sur lutilisation c
fumure organique.

Modelling the technical and ec onomic impact of
the introduction of  Stylosanthes hamata into
rural agricultural systems in southern Mali

Abstract

Fallows are one of the main characteristics of rural agricultural systems in southern Mali.”
is because they perform several functions, including soil fertility conservation, weed cc
and fodder production for improving livestock feeding.

An analysis of their features shows that due to high human population pressure
increasing livestock numbers, fallow plots are increasingly smaller in size and last sh



periods of time. This led the Département de recherche sur les systémes de productior
(DRSPR) to look into new fallow-management techniques.

On-farm trials started in 1984 on the introduction of perennéaldfer legumes, including
Stylosanthes hamatd hese were mixed on short fodder fallow plots vdtlachiaria
ruziziensis a perennial grass.

The results of a three-year study show Bigtosanthes hamataas better adapted and
more productive than annual species like thader cowpea.

This experimental phase was followed by an economic analysis of the adoption ¢
species, based on a simple linear programmingmodel, to assess its global impact on the

Theresults showthat provided there is a reliable market foranimal products, the ado
of Stylosanthes hamatay farmers increased their income through the adoption of m
productive activities based on the use of organic manure.

Introduction

Le Sud-Mali est une zone a haut potentiel productif a I'¢chelle nationale qui,
seulement 8% de la superficie totale du pays, abrite plus du tiers de la population nat
avec une croissance démographique qui atteint dans certains endroits 3% par an
zone avocation agricole est devenue depuis 1985 la premiére zone d'élevage al'éch
pays, se substituant aux zones traditionnelles d'élevage.

Cette évolution est la conséquence directe de deux phénoménes, a sa\
capitalisation des agriculteurs dans I'élevage en vue de mieuxsécuriser lesrevenus (.
du coton notamment), et la sédentarisation des éleveurs transhumants suite a pl
décennies de sécheresse.

Compte tenu de cette évolution, la pression sur la ressource terre a atteint un
tel que les jacheres qui jouent des fonctions multiples (maintien de la fertilité des
production de fourrage, etc.) sont de plus en plus limitées dans le temps et dans l'e:

De plus, les conditions macro-économiques (suppressions des subventions desii
agricoles, déréglementation du marché céréalier, etc.) ne semblent pas incit
agro-€éleveurs a une utilisation intensive des facteurs de production d'origine indust
(engrais minéraux, aliments du bétail, etc.).

Ces évolutions récentes posent le probléeme du maintien des aptitudes producti
la terre, cest-a-dire celui de la fertilité des sols (PE389; Van der Pol, 1990).

C'est dans ce contexte que I'équipe de la Division de recherches sur les systén
production rurale (DRSPR) a entrepris des recherches sur les alternatives techi
envisageables pour la reprodudtib des systémes agraires villageois.

Celles-ci se situeraient entre deux des trois principaux systémes de produ
identifiés par Badouin (1979). Le premier est un systeme de conservation ditié dert
sol associé ala pratique de l'agriculture dite paysanne, c'est-a-dire basée sur desres
productives que le secteur agricole est capable de produire lui-méme (intégratio
productions végétales et animales). Quant au second, il s'agit d'un systéme ou la ca
productive de la terre est imputable en grande partie & une utilisation intensive det
minéraux.

La revue bibliographique et les contacts avec les structures de recherche
développement de la sous-région (Ferme semenciere de Farakoba, Burkina
SODEPRA, Cbte d'lvoire) ont permis d’identifier deux espéces fourrageres pérenne
pourraient étre utiliséepour augmenter la production de fourrage et améliorer
jacheres, a savoir une légumineusgylosanthes hamatat une graminééBrachiaria
ruziziensis)



Lespremiéresinterrogations se sont portées sur ladaptabilité de cesespécesau
de la zone de recherche.

Une des hypothéses de travail était igosanthes hamataune influence positive
sur 'ensemble du systeme. Celle-ci se traduirait dans un premier temps par laugmen
de la capacité de charge animale par suite de l'accroissement du disponible fourrag

Dans un deuxiéme temps, l'accroissement possible des effectifs animaux entrail
une augmentation de la dispotfité en fumure organique. Cela permettrait de maintet
la fertilité par l'adoption d’alternatives techniques basées sur une forte consommati
fumure organo-minérale.

De plus, la minéralisation de limportante biomasse qui tombe et la fixat
symbiotique de lazote par les nodosités des racines (Skerman, 1982) contribuel
améliorer la fertilité des sols.

Cependant, linfluence dé&tylosanthesie peut étre significative que dans u
environnement économique favorable au développement a la fois des produc
végétales et de I'élevage.

Apresune précision des options méthodologiques, une synthése des expérimen
hors champ économique sera réalisée sur la base de la production de biomasse «
valeur nutritive. Ensuite, le cadre général du modéle sera décrit et sa validation effe
pour un vlage donné.

Enfin, & partir de cette situation de base, les conséquences éventuelles de l'ad
de cette espéce par les agro-éleveurs sur les systémes agraires seront analysées.

Meéthodologie

Phase expérimentale

Dans la phase expérimentale d'essai sur les espéces fourrageéres, le ne
d'agro-éleveurs est limité a trois, répartis entre deux villages de recherche (zor
Fonsébougou). Au niveau de chaque exploitant, une parcelle de 1 ha est délimitée ¢
jacheres courtes et cléturée avec du fil de fer barbelé. Le dispositif expérimental e
bloc dispersé destiné a comparer des cultures pures ou associglos@nthes hamata,
de Brachiaria ruziziensiget une jachére naturelle d'un quart d’hectare également proté

Le sol est préparé par un labour intervenant en général aprés linstallation des
spéculations. Ces soles fourrageres n'ont fait l'objet d'aucun travail d’entretien a
installation (sarclage par exemple) dans le souci d’éviter une contrainte supplémente
niveau du systéme.

Aucune fertilisation minérale n'a étéportée au départ mais une application c
300 kg par hectare dghosphate naturel de Tilemsi (PNT) s'est révélée nécessaire
suite de la carence des sols en phosphore, carence révélée par lesrésultats de la
année.

L'évaluation de la production de biomasse et linventaire floristique ont été effec
en collaboration avec les éleveurs impliqués dans la recherche thématique.

Pour ce qui est de l'exploitation du fourrage produit, I'expérience malheureus
niébé fourrager (difficulté de le récolter en période jugée optimale par les zootechni
laquelle coincide avec une période de forte demande de main-d'oeuvre pour la récc
mais et du coton) et surtout I'exportation massive de biomasse contraire a l'objectif di
ont conduit a ne pas prévoir dactivité de fauchage. L'exploitant est libre diintroduire
animaux en pature directe a une période jugée contraignante en matiére deitiiépo
fourragére au niveau des paturages naturels.



Ces aspects d'ordre agrotechnique sont suffisamment détaillés ailleurs dat
dispositif plus complexe (Diarret al, 1992).

Aprés trois années dexpérimentatidtylosanthes'est révélé comme lespéce I
mieux adaptée. Ces conclusions sont confirmées par les résultats obtenus par la s
testant la méme espéce et d'autres espéces fourrageres dans différentes zones du S
(Diarraet al, 1992).

Modélisation

La méthode choisie en vue de I'évaluation des conséquences possibles de l'ad
de cette espéce est une modélisation quantitative du fonctionnement des systémes«
permettant d'analyser les différents mécanismes qui déterminent la situation d'équ
observée. Elle est basée sur les mécanismes de fonctionnement internes de ces sy

Inutile de s'attarder ici sur le cadre théorique des modeles de comportement, pré
en détail par ailleurs (Petit976; Boussard, 1970, 1987; Boussard et Bourliaud, 19
Boussard et Daudin, 1988). En tant qu'outils descriptifs, ces modéles permette
répondre a la question de savoir ce qui se passerait dans I'éventualité de 'adoptior
culture deStylosanthepar les agro-éleveurs.

Certes, comme l'ont signalé Hayami et Kikuchi (1980), l'analyse de I'évolution d
systeme agraire demande trés souvent une approche interdisciplinaire faisant apr
fois aux ressources et aux techniques de l'anthropologie, de la sociologie et de la s
politigue. Cependant, notre approche se veut disciplinaire, privilégiant le point de
économique sur ladynamique des systemes étudiés. Lesaspects politiques et socio-c
ne sont pas pour autant ignorés dans cette analyse, mais sont considérés com
variables exogenes aux systemes de représentation élaborés. Cette analyse écon
permettra de déterminer linfluence de ces variables sur les systémes.

Elle suppose lulisation de méthodes qui permettent d'établir lgpdisibilité et la
demande en ressources productives et en produits, agricoles ou non, aussi bien au
de la communauté qu'au niveau des différents marchés assurant le lien entre celle-
reste de I'économie. De ce fait, l'approche méthodologique sinspire beaucou
lapproche systémique développé au Sud-Mali depuis plus d'une décennie (létesdne
1989; Joldersmat al, 1991). Elle privilégie trois niveaux dintervention, a savoir le systéel
de culture relatif a 'ensemble des productions végétales, le systeme de production
a la gestion des ressources productives et le systéme agraire relatif a l'intersectiol
eécosysteme, d'un systéme social et d'un systeme technigue de mise en valeur (Benoit
et al, 1991).

La modélisation mathématique par lutilisation de la programmation linéaire per
dintégrer ces trois niveaux en tenant compte des relations avec l'environnel
économique a travers le marché des intrants et des extrants.

A partir de cette situation de base représentée par les ressources natt
disponibles, les pratiques actuelles et les habitudes sociales dans le cor
socio-économique, une analyse prospective est effectuée par intégration des sce
d’alternatives techniques basées sur les résultats de la recherche syst8tylesamthes
hamata

Un modéele utilisant comme outil d'analyse la programmation linéaire a été cons
et validé au niveau d'un systéme agraire villageois (K&®&9; Benoit-Cattiret al, 1991).

Une particularité de cette approche est son échelle d'application, a savoir le sy:
agraire villageois. Le choix de cette échelle tient au fait quelle permet de prendr
compte lesinteractions entre systéme agraire, systéme de production et systeme de



De plus, le fonctionnement des activités de productions animales dans l'espace €
le temps déborde le cadre de l'exploitation agricole dans des systémes transitoires a j
courte. Et pourtant, elles jouent un rble important en ce qui concerne la gestiol
aptitudes productives de la terre, l'utilisation des sous-produits de récolte, la mise en:
des jachéres par les cultures fourrageres coBitylesantheda fourniture d'animaux de
trait et la consommation humaine.

Enfin, ce niveau “méso-économique” intermédiaire entre la micro-écono
(exploitation agricole) et le niveau des agrégats macro-économiques permet de sim
la prise en compte des problémes d'accés a la terre et a la main-d'oeuvre.

Résultats et discussion

Productivité en biomasse

L'évaluation de la productivité en biomasse révele une prédominance de la grar
en premiére année d’installation, probablement due au faible tauxde les8godanthes

A partir de la deuxieme anné&tylosanthesolonise 'ensemble des soles, justifiar
l'évolution au niveau de certains traitements qui a priori peut paraitre surprenante.
situation justifierait trés probablement I'évolution constatée au niveau de la jac
naturelle protégée: de 2 300 kg/ha de matiére séche en deuxieme année d'expérimet
le rendement est passé a plus de 5 000 kg/ha de matiere séche. Beghieria, qui
semble dominer au cours de la premiére année, a presque disparu en tro
d'expérimentation (figure 1).

Figure 1. Rendements en biomasse de la jachére naturelle et des soles fourragéres a Fonsébot
1986 a 1988

Rendement
(kg MS/ha X 1000)

8

D Jachére

Brachiaria
. Stylosanthes hamata
. Stylosanthes/Brachiaria

1986 1987 1988

Traltement

Source: DRSPR, 1989.

Il est trés probable que linfluence d&tylosanthesit masqué leffet sur les
caractéristiques physiques et chimiques du sol constaté par Btialr§1992) au niveau
du second dispositif mis en place a partir de 1988. En effet, ces auteurs ont obser
différence significative entre les différents sols et la situation initiale en ter
d’amélioration de ces caractéristiques. Par contre, selon les mémes auteurs, cette diff
ne saurait étre attribuée &tylosanthedgans la mesure ou il n'y avait aucune différenc
entre le traitemen$tylosanthest le témoin c'est-a-dire la jachére naturelle, protégée
non.



Effets anti-érosifs

L'effet de Stylosanthesur lhumidité du sol a pu étre évalué. Les résultats enregis
confirment 'hypothése d'une influence positive de cette espéce par rapport a la ja
naturelle dégradée (DRSPR, 1986).

Qualité du fourrage produit

L'avantage le plus immédiat pour l'agro-éleveur est l'accroissement de la produ
fourragére dans une zone ou les contraintes fourragéres sont assez sérieuses (Brt
Traoré, 1987; Ledup et Traorél989).

En plus des aspects gquantitatifs, une analyse bromatologique a été effectuée
comparer la qualité des divers fourrages produits. Les résultats enregistrés ser
également confirmer lidée selon laquelle le fourrageStidosanthegtait de meilleure
gualité que ceux des autres especes spontanées et introduites (tableau 1).

Tableau 1. Résultats de 'analyse bromatologique des especes fourragéres et d'une jachére natul

Stylosanthes  Stylosanthes + Brachiaria Jachére
Parameétres hamata(pur) Brachiaria ruziziensigpur) naturelle
Protéines brutes 6,19 4,75 2,75 2,63
Cellulose 41,54 45,68 38,08 43,41
Cendres 5,42 5,31 6,79 6,25
Azote total 0,89 0,76 0,44 0,42

Source: DRSPR, 1987.

Arriere-effet sur la production de sorgho

La mise en culture de ces parcelles aprés trois années d'expérimentation mon
relatif effet positif deStylosanthesur la fertilité du sol. En effet, les rendements
950 kg/ha de sorgho sur soleSdylosanthesont similaires ou méme supérieurs at
rendements moyens obtenus lorsque le sorgho suit le coton (rotation biennale) ou |
(rotation triennale) sans apport d’engrais sur la variété locale. Ces résultats doiven
interprétés avec prudence dans la mesure ou ils ne portent que sur une seule ann
un nombre restreint de répétitions. lls donnent cependant une indication des
potentiels deStylosanthesur la reproductibilité d’'un systéme transitoire entre le systé
a défriche—brillis et un systéme a culture permanente avec intégration des jachére
l'assolement.

Ces aspects d'ordre agrotechnique sont des éléments de validation des hypo
d'adaptabilité des différentes espéces introduites, notamgiglosanthes hamat&ette
espéece et certaines autres sont au stade dit de prévulgarisation dansla démarche re
systeme. La construction d'un modéle simple permet de mieux comprendre les conc
d'adoption par les agro-éleveurs.

Description sommaire du modele

Introduction

Le modéle est appliqué aléchelle du systéme agraire du village de Fonsébougou
danslafrange sud de la zone Sud-Mali, ce village fait partie dun ensemble de quatre v
qui ont fait l'objet de recherches diverses depuis plus dune décennie (lKealn&989).
Qui plus est, cest la qu'ont démarré lesrecherches sur les différentes espéces fourt
dontStylosanthes



La population de Fonsébougou est a majorité Sénoufo, une ethnie dont l'ac
principale est l'agriculture. La culture attelée et linvestissement dans I'élevage de re\
issus du coton ont été a lorigine de lapparition récente d'agro-éleveurs sédentaire
village compte plus de @00 habitants répartis en plusieurs iltem, qui sont “les plus
grandes unités sociales qui regroupent I'ensemble des ménages reconnus c
descendants dun méme ancétre”.

On peut considérer ce village comme précurseur de I'évolution technique et ac
de la zone. Il a presque atteint la limite d'un systéme transitoire a jachére courte.
rapportée auxsurfaces cultivables, la densité de population est supér@0oreabitants
au knf. En dautres termes, toutes les terres cultivables le sont effectivement et cer:
zones considérées comme marginales, compte tenu des techniques actuelles, coni
méme déja un début de mise en valeur (Jansen et Diarra, 1990).

Certaines des données utilispesir la modélisation a I'échelle de ce systéme agra
villageois sont exhaustives au niveau du village. D’autres proviennent d'une enqué
suivi-évaluation permanent effectuée auprés d'un échantillon de plus de 20 exploite
(DRSPR, 1988, 1989). De plus, en termes dalternatives techniquesjglosantheda
plupart des données utilisées sont les résultats d'expérimentations conduites au niv
village.

Cesdonnées hétérogénes sont réunies en un ensemble plus cohérent sous for
modeéle simple avec comme outil danalyse la programmation. Des informations
détaillées sont présentées plus loin sur les différentes composantes de ce modéle.

Les besoins monétaires

Les besoins monétaires autres que ceux nécessaires a l'achat de céréalesou d’
sont pris en compte dans le modéle par le biais de la maximisation a I'échelle d'une ¢
objectif poursuivi par les habitants dillage.

Par hypothese, l'agriculteur choisit les combinaisons productives avec comme ok
lobtention d'un résultat optimum dont le revenu monétaire disponible aprés paiemer
intrants (semences, engrais, insecticides) et la satisfaction des besoins céréaliers
semblent constituer une bonne approximation. L'aspect risque, qui semble assezimp
au niveau d'un systéme tributaire des aléas climatiqgues et d'un environnement écono
incertain, est pris en compte dans un autre modéle par la méthode du Target |
(modéle a revenu minimum) de Bauer cité par Hazell et Norton. (1986).

Les revenus et les dépenses dépendent du niveau des prix des produits
ressources productives et donc de lenvironnement économique. Lesilm®sudans le
modéle sont pour le coton le prix officiel qui n'a pour ainsi dire pas évolué de fe
structurelle depuis 1985, @our les céréales les prix observés au niveau des différe
marchés locaux par le Systeme dinformation sur le marché céréalier (SIM).

Allocation des ressources productives

La terre

Les résultats de l'analyse des dispdlitds en terre au niveau du systéme agrai
villageois proviennent dinterprétations dhotographies aériennes effectuées par Jan
et Diarra (1990).

Ces résultats sont simplifiés au niveau du modele. Quatre unités de paysag
retenues. L'un des critéres de ce choix est surtout lié a la différence de gestion. C
dant, il est peu probable qu'on retrouve ces quatre unités au niveau de tous les t
villageois.



Constituée par le plateau, l'unité 1 correspond en général a la zone dite sylvicc
sylvo-pastorale, avec des sols peu profonds qui se prétent peu a lactivité agrice
présentent des affleurements de cuirasse a certains endroits.

L'unité 2 ou versant amont correspond d'un point de vue technique adeszonesa
élevée qui, selon Hijkooet al (1991), devraient étre mises en défens puisque a:
sensibles a I'érosion hydrique. Dans la réalité, ces zones sont des zones de pass
animaux en période de culture.

L'unité 3 ou versant aval est la premiére zone agropastorale avec des
gravillonnaires plus profonds que les deux premiers. Jadis a vocation plus pas
qu’agricole, ces zones de transition sont de plus en plus cultivées en raison de Iz
pression démographique.

L'unité 4 enfin, ou bas glacis, correspond a la zone de culture par excellence ave
sols profonds. C'est ici quapparaissent les premiers signes de saturation avec une
tante réduction de la durée de la jachére et une relative fixité des parcelles.

D’un point de vue socio-économique, le choix de ces unités procéde du souci d’
tifier les modifications de stratégies de gestion de l'espace agraire intervenant au r
des communautés villageoises lorsque les meilleures terres sont mises en valeur s:
l'on dispose dalternatives techniques permettant daméliorer la productivité de la ter
du travail.

Les consommations intermédiaires

Les consommations intermédiaires traduites dans le modele en terme de contr
aux activités productives sont classées en consommations intermédiaires d'origine
trielle (urée, complexe-coton, etc.) et autofourniestelles que la fumure organique. De
une distinction est établie entre celles destinées aux productions végétales et
affectées aux productions animales. Dans la structure de base du modéle, les r
retenues sont celles réellement utilisées par les agro-éleveurs des différentes zone
de données DRSPR 1988-1989 complétée par des enquétes informelles de l'auteu
normes recommandées par la recherche et le développement niinterviennent que
cadre des scénarios d’alternatives.

Les biens d'équipement

Les biens d'équipement sont destinés a appuyer ou a remplacer la main-d'o
d'origine familiale. Dans le modéle de base, les besoins en moyens de transpor
fonction du volume des récoltes et de la distance par rapportilages exprimée en
nombre de voyages par jour de récolte. Cette contrainte n'est pasimposée au modele
les différents besoins sont exprimés pour chaque activité de production en term
nombre de charrettes.

Les attelages

Les besoins en attelage tiennent compte des surfaces cultivables et des exiger
chaque activité productive. Les résultats d'enquétes du DRSPR font état de 5 h
attelage soit 0,4 attelage par ha.

Les contraintes de liquidité

La liquidité financiére est un facteur déterminant du choix dinvestissement
agro-éleveurs. Méme si, en ce qui concerne les activités de productions végétales,
cement des consommations intermédiaires en crédit campagne semble atténuer le
de cette contrainte, reste que le risque lié aux productions végétales fait de cette con
financiére un parametre important. De plus, 'hypothése alternative du passage du
des intrants au secteur privé donne a cette contrainte toute son importance.



Les activités de production

Les productions végétales

Au niveau du modéle, les spéculations pratiquées par les agro-éleveurs or
simplifiées et certaines alternatives ont été introduites co8tglesanthegqui, au niveau
du village, a fait l'objet d'expérimentations et est en voie de vulgarisation par l'organi
de développement.

Pour identifier ce quiincite les agro-éleveurs a adopter des méthodes plus ou
intensives, on a retenu pour les activités de productions végétales décritesdansle s
de culture, des scénarios d'intensification a base de consommations interméd
d'origine industrielle (engrais minéraux) et/ou autofournies (fumure organique). Par ¢
de simplification, les activités de productions végétales ont été réparties en trois caté
selon gu’elles font appel a des techniques actuelles, des méthodes plus intensifiées
technigues extensives.

En ce qui concerne les activités utilisant des techniques actuelles, les spécul
retenues au niveau du systéme de culture sont principalement le coton, le mais en
pure, le mais en association avec le mil, le sorgho et le niébé fourrager. Les pra
actuelles en matiére de fertilisation du coton sont assez proches des doses vulg:
150 kg par hectare d'engrais complexe (14-22-12) et 50 kg par hectare d'engrais uré

S'agissant des activités faisant appel a des techniques plus intensifiées, on a ado
scénarios dalternatives basés sur la fertilisation organo-minérale combinant la
d'engrais minéraux vulgarisée et un apport complémentaire de fumier destiné a mai
'humus du sol par référence aux expérimentations en cours au niveau du village ¢
1984.

Ces techniques de fertilisation peuvent étre adoptées lorsquun certain ni
dintégration de I'élevage a l'agriculture est atteint. Une augmentation de la capaci
charge animale par suite dun accroissement du disponible fourrager contribue
améliorer la gestion du troupeau et a augmenter la production de fumure organique
a ce niveau que le role &dylosanthesemble déterminant. Les spéculations concerne
sont le coton et le mais en culture pure et en association avec le petit mil.

En ce qui concerne enfin les technigues dites extensives, un autre scénario
substitution totale de la fumure organique (fumier) aux engrais minéraux.
performances et les co(ts monétaires de ces techniques sont inférieurs a ceux de:
techniques.

Un des points communs a ces différentes techniques est que la stratégie pa
de gestion des récoltes — céréalieres notamment — tient compte d'éventuels
climatiques.

En ce qui concerne la gestion du stock céréalier, la caractéristique essentiel
agricultures traditionnelles est la constitution de stocks dits de sécurité en preévisi
mauvaises récoltes. Pour les “gros” exploitants, le stock minimal dans les grenie
léquivalent-céréale d'au moins une consommation annuelle de la celldlialam

Les productions animales

On a modélisé le systéme délevage de facon simple en essayant autant que p
de rendre compte des interactions entre agriculture et élevage.

Les parcours et les jacheres sont considérés comme des activités qui produis
fourrage consommeé par le secteur de I'élevage a différentes périodes de l'année.
effet, plusieurs variables ont été examinées, notamment en ce qui concerne les res:
fourragéres.



Le niébéfourrageNIEBE). Le niébé fourrager a été introduit récemment par la recherc
Son adoption semble rencontrer un certain nombre de difficultés d'ordre techr
amenant dans certains cas a la reconversion des parcelles au niébé grain. Dansla p
la production de niébé fourrager ne bénéficie d'aucun apport diséartet peut dnner
des rendements de l'ordre de 2 000 kg de matiére séche de fourrage par hectare.

Stylosanthes hamata&n association (STYLO).La culture fourragere a base d'espect
pérennes est dintroduction récente sur des jacheres de courte durée de l'ordre d
ans. |l sagit en fait de deux espéces, une léguminesistgsanthes hamatat une
graminéeBrachiaria ruziziensissemées en lignes. Lesrendements sont de l'ordre de €
kg de matiére seche par hectare. Nous avons considéré que les semences sont ¢
alorsque despossibilités d'autofourniture de semencesont été testées. De plus,une
économique effectuée a intégré laspect protection (fil de fer barbeléllageyrtout en
valorisant le fourrage par 'hypothése d’'une substitution totale a l'aliment bétail (@tar
al., 1992). Approche fort intéressante a laquelle il est généralement reproché de r
tenir compte de linteraction entre cette spéculation et les autres spéculations du sy
de culture. Cette interaction concerne non seulement la concurrence vis-a-vi
ressources productives (terre et travail par exemple), mais également la complémel
aussi bien pour larriere-effet que pour leffet indirect par une augmentation d
disponihlité en fumure organique (fumier).

Le systeme de protection actuel en fil de fer barbelé ou en grillage semble cons
une solution intermédiaire compte tenu de l'évolution de systemes agraires. Dal
systéme a jachere courte fortement tributaire des aléas climatiques, les agriculteur:
pas intérét, d'un point de vue économique, a réaliser de tels investissements (Bo
1970). Il s'agit la de mesures d'accompagnement en attendant le passage a un syst
culture permanente.

Les parcours(PARCOURS).Les parcours correspondent aux zones non cultivables ¢
des especes de qualité médiocre. La productivité en fourrage est estimée a 1 70(
matiére séche par hectare par an et des teneurs en unité fourragére de 0,15 a 0O;:
fourragére (UF) par kilogramme de matiere séche produite.

Les jachéreJACHERE). Les jachéres sont situées sur les zones cultivables et ont
productivité de lordre de 2 600 kg de matiere séche par hectare garuada strate
herbacée (Leloup et Traor#989) et des teneurs en UF de l'ordre de 0,35 & 0,4
kilogramme de matiere séche produite.

L'élevage(ELEV). L'activité élevage est exprimée en UBT (unité de bétail tropical). E
consomme des pailles de céréales, du fourrage produit sur les parcours, les jachere
soles fourragéres en fonction des différentes périodes. Elle produit du fumier, de la v
et du lait ainsi que des bovins destinés a l'attelage.

L'évaluation du prix de la viande se fait sur 'hypothese d'un croit annuel de 25 k
de 50 kg par UBT estimé a 350 FCFA le kilo.

Pour ce qui est de la production laitiére, les résultats utilisés dans le modele sc
Jager (1990). Ceux-ci font état dune production d'environ 290 litres de lait par va
exclusion faite de la part destinée aux veaux pour la zone de Koutiala.

L'hypothése du modéle suppose une autoconsommation de 10% de la producti
lait.

Le calendrier daffouragement établi s’étale sur trois périodes en fonction
disponihlités fourrageres. La production de fourrage est exprimée en UF et les be
sont calculés par référence aux normes retenues dans le mémento “Intég
agriculture—€élevage” (CMDT/DRSPR, 1987). Celles-cidistinguent les besoinsd’entre
de travail fort et de croissance pour les bovins de trait des besoins d’entretien et de



Iéger pour le reste du troupeau. Le ratio bovin de trait aux autres bovins est de l'orc
0,3 pour le lHlage de Fonsébougou.

Le calendrier d'affouragement retenu est une adaptation simplifiée de Lelou
Traoré (1989). On peut distinguer trois périodes différentes, a savoir novembre a fé
mars a juin et juillet & octobre.

Pendant la premiére période, l'alimentation du bétail est essentiellement const
de sous-produits de culture, principalement du fourrage de mais et une faible prop
de paille de sorgho. Uneohne partie des jacheres naturelles et seulement une f
proportion des parcours sonfilisées. En ce quiconcerne les pailles de mais, 'hypothi
retenue est que 50% d'entre elles sont récupérables a desfins fourragéres, avec 0,4
kilogramme de matiere séche.

Au cours de la deuxieme période, l'essentiel du fourrage provient des jacher
éventuellement d8tylosanthesavec trés peu de sous-produits. Les jachéres étant limi
dans lespace et dans le temps par suite de l'extension des superficies cultivées,
période la plus difficile en ce qui concerne l'alimentation des animaux.

En troisieme période enfin, les animaux sortent des zones de culture et se nour
essentiellement sur les parcours.

Relations agriculture-élevageCompte tenu des relations de complémentarité et
concurrence qui existent entre les activités de production animale et de prodt
végétale, un certain nombre de contraintes ont été retenues au niveau du modele.

Lesrelations de complémentarité s'expriment par la production fourragére sur la
de culture (sous-produits de récolte, soles fourrageres) a destination des produ
animales et par la production de fumure organique et de bovins de trait en vu
productions végétales.

Les relations de concurrence sont en grande partie liées a lI'extension des supe
cultivées au détriment des jachéres, ce qui empéche les effectifs animaux du systém
maintenir.

La population

L'absence de données précises sur I'évolution démographique du village a con
intégrer la variable démographique au modéle, ce qui en accroit la flexibilité et la v
heuristique. Lesdonnées denquéte permettent de situer cette population auxenvir
1 100 habitants. Elle fournit la main-d'oeuvre et a des besoins de consommation.

La main-d'oeuvre

Il ressort des observations effectuées sur le terrain que lorsque la culture attel
généralisée comme a Fonsébougou, la période desrécoltesest la plus contraignante
en témoigne la mobilisation de toutes les ressourcpsiiisles pendant cette période,
compris enfants et personnes dgées. Dansle modéle, deuxphasesont été retenues
le mois de septembre, correspondant a larécolte du mais, du niébé fourrager et d'une
partie du coton et le mois de hovembre correspondant a la récolte du coton et du sorg

Les temps de travaux utilisés sont la synthese des résultats de Brossier etQBxer
et de DRSPR (1988, 1989).

Pour cette période de récolte, les échanges de travaux entre les différentes catt
dexploitations sont tels que les inégalités s'équilibrent par le biais des associatio
niveau du village, le recours a la main-d'oeuvre extérieure étant extrémement rare. C
tenu de la réalité observée, il n'a pas été explicité d’activités de vente ou d'achat de |
a lextérieur.



Les besoins de consommation alimentaire

Les interactions entre production et consommation humaine se sitt
essentiellement au niveau des céréales. Pour tenir compte des habitudes alime
locales, on a considéré que ces céréales, a raison de 265 kg par habitant, peuvent g
des activités produisant des mils et des sorghos; le mais rentrant peu dans l'alimen
on a considéré que sa consommation pouvait atteindre 10% de la consommation tc

Des détails relatifs a I'écriture matricielle de ce modéle sont disponibles ¢
Benoit-Cattinet al (1991).

Résultats du modele

La solution de base

L'obtention d’'une solution de base en harmonie avec les connaissances quon ¢
situation réelle est une étape importante dans la construction et la validation d'un mq
Tel que celui-ci a été construit, son calibrage dépend principalement des contraint
terre et du calendrier d'affouragement. Cette solution correspond a une combin
optimale des techniques actuellement utilisées par les paysans de Fonsébougou et
contrainte sur leur niveau d'équipement (tableau 2).

Tableau 2. Comparaison entre modéle et réalité au niveau du village

Solution du modéle Situation réelle

] Valeur Valeur Avec
Unité  Activités absolue (ha) % absolue (ha) % Stylosanthes
ha Coton | 152 20,29 n.d. - 206
ha Coton Il 239 31,90 255 32,56 240
ha Coton Il 0 0 n.d. n.d. 0
ha Mais | 0 0 n.d. n.d. 0
ha Mais Il 0 0 n.d. n.d. 126
ha Mais Il 0 0 n.d. n.d. 0
ha Mais/petit mil 11 1,46 88 11,23 0
ha Mil 0 0 n.d. n.d. 0
ha Sorgho 347 46,32 430 56,19 351
ha Stylosanthes 0 0 n.d. n.d. 99
ha Sup. tot. cultivée 749 100 783 100 1022
ha Jachére 219 27 A3 n.d. 0
UBT Elevage 760 - 800 - 1029
UBT Boeufde labour 228 - 231 - 309
UBT Vache 0 - n.d. — 0

Charrette 67 — 59 — 124

n.d. = non disponible.
2 Sorgho/mil selon estimation CMDT (Doumanaba).
b D’aprés Jansen et Diarra (1990).

N.B. Les chiffres utilisés dans le tableau comme situation réelle sont ceux fournis par la CMDT et sont
la plupart des estimations (surfaces en céréales notamment).

La valeur atteinte par la fonction objectif correspond a un revenu monétaire m
de 42 700 FCFA par habitant, ordre de grandeur tout a fait réaliste.

La superficie cultivable de 816 ha (Jansen et Diarra, 1990) se partage entre la je
(27%) et les cultures (73%) exclusion faite des 152 ha de coton extensif sur le
cultivable; autrement dit, la jachére durerait en moyenne moins longtemps que la ro
culturale (systéme proche de la culture permanente).



Dans le modéle, la superficie cultivée est semée a 48% de céréale et a 52% de
soit respectivement 0,32 ha et 0,35 ha par habitant. Les résultats du suivi-évalt
permanent effectué par la DRSPR (1988Jr ce lage font état de 49% des surface
cultivées en coton contre 50% pour les céréales (éilbarde 21 exploitations).

Les prix appliqués dans le modéle pour les productions céréaliéres sont trés pr
des prix de vente en période de récolte. Cela justifie trés probablement le fait quiil r
pas eu dexcédent commercialisable, la production étant équivalente a la quant
céréales autofournie.

Il ressort d'une analyse de la sensibilité du modeéle aux variations du prix de vent
céréales que le prixde vente du sorgho doit atteindre 75 FCFA par kg au lieu de 45
dans le modele avant qu’il ny ait des excédents commercialisables. Ces résultats sel
assez proches de laréalité au niveau du village ou daupgrde Mlages ol les contraintes
de liquidité sont assez rares en raison du revenu coton. La plupart des ventes de ¢
seffectuent en début de campagne agricole lorsque les prix sont assez intéressant:
situation a débouché sur la naissance dun groupe de “gros paysans” qui fon
transactions hors marché avec des commercants grossistes de la ville de Sikasso.

Les habitudes alimentaires au niveau du village étant dominées par le sorgho/n
a imposé au mais une limite dautoconsommation de lordre de 10% des besoi
consommation. Celle-ci s'est traduite dans le modele par une prédominance de la c
du sorgho, laquelle occupe prés de 98% des surfaces cultivées en céréales.

Le coton est cultivé en partie selon les normes vulgarisées (COT ), lailit@sdin
mettre en culture les zones dites non cultivables (versant amont) de qualité méc
Seule une productivité faible avec utilisation de fumure organique a permis de des:
la contrainte de terre avec la mise en valeur de 37% des surfaces soumises a la
extensive du coton (COT I).

Pour I'élevage, le modele donne le chiffre @89 UBT pour le troupeau contre la
valeur de 800 UBT enregistrée par dep et Traoré 1989) dont 228 bovins de trait (23!
bovins de trait selon la base de données CMDT).

L'effet de Stylosanthes

L'introduction deStylosanthemodifie profondément le systeme. Cela était prévisit
puisqueStylosanthemtervient sur la contrainte fourragere de la période de mars a |
La solution obtenue montre comment les paysans pourraient accroitre leurs rever
21% en substituant 99 ha &ylosanthest 120 ha de mais a de la jachére. lls dispos:
ainsi de plus d'animaux (1 029 UBT contre 759) donc de plus de fumier, ce quileur pe
de mettre en valeur 60 ha supplémentaires de coton extensif. De plus, les re
supplémentaires procurés par I'élevage (vente de viande) permettent de génér
ressources financieres pour l'achat dintrants nécessaires a la culture de mais.

Une analyse de sensibilité du modéle aux variations de prix des céréales da
modeéle aveStylosanthesnontre qu'une faible variation du prix du mais de l'ordre ¢
5 FCFA suffit pour que la solution change (apparition dans la solution de la fc
associative du mais). En revanche, il faudrait augmenter le prixdu mais denviron 25F
dans le modéle sar&ylosanthepour qu'il devienne intéressant d'un point de vue éc
nomique. Cela sexplique par le fait gB¢ylosanthesn se substituant partiellement a |
jachére, permet de remédier a la contrainte de l'affouragement et de dégager des s
jusque-la occupées par le mais (figure 2).

Une hypothése alternative permet de mieux comprendre les difficultés rencon
pour intégreStylosanthedans le systeme a jachére courte, bien quil s'agisse d’'une cul
trés productive et peu contraignante pour le calendrier agricole.



Figure 2. Evolution des surfaces en mais en fonction du prix
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La non-valorisation monétaire de l'activité élevage se limiterait a la productior
fumure organique (fumier) et a la fourniture d'animaux de trait avec maintien des pr
productions végétales (céréales notamment).

Les résultats du modéle permettent de comprendre le comportement a
des agro-éleveurs. En termes de revenus monétaires, les résultats d'une telle alte
sont du méme ordre que ce qu'on peut observer actuellement avec un revenu d’e
40 000 FCFA par habitant (figure 3). Le systeme ne fait plus que du coton avec les
vulgarisées, du sorgho et du mais intensif (avec fertilisation organo-minérale) en 1
proportion. L'activité vache laitiére fait son apparition en remplacement de la produc
de viande avec des résultats économiques inférieurs.

Figure 3. Evolution du revenu par habitant
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Cependant, il importe de noter que le modéle est trés sensible a l'augmentati
prix des céréales (mais notamment). Il suffit en effet dune augmentation du prixde
du mais de l'ordre de 2 FCFA par kg pour que la situation change avec un accroiss
des surfaces en malis intensif et une substitution partielle du coton dit extensif au
vulgarisé.



Conclusion

De par sa forte productivité en fourradetylosanthesst certes une alternative
technigue et peut-étre économique pour les systémes pratiqués par les agro-éleve
meilleure qualité par gport aux résidus de récolte (céréaliers notamment) et ¢
production des parcours naturels, ce fourrage permet de résoudre le probleme d
ragement a une période assez contraignante de l'année. De plus, des effets positif
fertilité du sol et contre I'érosion hydrique semblent en partie confirmés méme sile f
nombre de répétitions impose une certaine prudence.

Simple dans sa forme, ce modéle est de ce fait réducteur. C'est du reste le fi
commun de tous les modéles dont le principal objectif est de représenter la réalité
moins ce que l'on peut en appréhender. L'avantage reste qu'on dispose d’'un outil
imparfait mais permettant dévaluer a priori la pertinence des alternatives techni
proposées.

De fait, lintérét deStylosantheslans le systéme agraire a été clairement per
Cependant, le paramétrage de certains coefficients de la fonction objectif (prixdes pr
notamment) révele que cette influence est en partie fonction de la pression démogra,
et de l'existence de débouchés plus slrs aussi bien pour les productions animales q
les productions végétales consommatrices des produits de I'élevage (mais notamme

Ces résultats restent a confirmer au niveau d'autres sites surtout dans des sitt
ou la pression démographique n'est pas aussi élevée (adaptation du modele au
agro-écologique). De plus, la prise en compte du risque permettra de mieux formali
comportement économique des agro-éleveurs dans un systeme fortement tributal
aléas climatiques et d'un environnement économique incertain.
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Arriere-effet de deux années de culture de
legumineuses fourrageres tropicales sur
une culture de mais
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01 B.P. 633 Bouaké 01 (Cote d’lvoire)

Résumé

Cette étude a été effectuée a Bouaké et a Korhogo (Céte d’lvoire) pour évaluer |
résiduel de précédents culturaux avec ou sans fertilisation (P et K) sur la croissanc
rendement en grains secs du mais. De juin 1982 a novembre 1983, des parce
Stylosanthes hama#dS. guianensisv. Cook fertilisées onon avec P et K ont été soumise
a trois coupes agrostologiques suivies dexportation de la biomasse. Elles ont rec
culture de mais entre novembre 1983 et mai 1984 aprés enfouissement de la bic
produite.

La hauteur moyenne des plants de mais apres les cultures fourragéresilisge fer
était de 100 cm et de 48 gourS. hamataespectivement a Bouaké et a Korhogo. Po
S. guianensides chiffres correspondants étaient de 97 cm et de 65 cm respectivem
Bouaké et a Korhogo.

Sur parcelles fertilisées, la hauteur du mais était28ecm et 71 crpourS. hamata
contre 123 cm et 67 cpourS. guianensisespectivement a Bouaké et a Korhogo.

Les précédents culturaux fertilisés avaient une influence positive sur le d
loppement végétatif et le rendement en grains secs du mais sur les deux siteke les m
résultats ayant cependant été obtenus a Bouakeé.

Residual effect of two years of tropical forage
legume crops on a subsequent maize crop

Abstract

This study was carried out in Bouaké and Korhogo, Cote d’lvoire, to assess the residual
of fertilised nitrogen (N) and phosphorus (P) and unfertilised forage legume crops ot
growth and dry grain yield of a subsequent maize crop. From June 1982 to November
Stylosanthes hamatnd S. guinaensisv Cook plots either fertilised or not with N and |
were cut three times and biomass removed. Between November 1983 and May 1984
was sown on these plots after the biomass was buried.

On unfertilised plots, the average height of maize plantsi®8sand 48 cm high in
Bouaké and Korhogo, respectively, followidhamatas against 97 and 65 cm, respectivel
afterS. guinaensis.

On fertilised plots, maize wd28 and 71 cm high in Bouaké and Korhogo, respective
followingS. hamataompared with 123 and 67 cm, respectively, &taeyuianensis.



Fertilisation had a positive effect on vegetative development and dry grain yield
subsequent maize crop at both sites, with the best results recorded in Bouaké.

Introduction

Le maintien de la fertilité des sols en milieu tropical dans les conditions dive
d'exploitation est un des problémes fondamentaux et permanents de la rech
agronomique (Roberge et Raffit74). Cette situation concerne particulierement 'azo
premier facteur limitant de la production agricole en zone tropicale subhumide (G
1985). L'gpport d'azote sous forme dengrais minéral est onéreux, ce qui limite
utilisation en Afrique (IFDC1980; Gervy, 1985). L'alternative la plus#mmique consiste
donc a exploiter la capacité des légumineuses fourragéres de fixer des quantités
d'azote atmosphérique pouvant étre transférées au sollis¢es par d'autres cultures
(Haque et Jutzi, 1984).

Dans le cadre de lintégration agriculture—élevage, aprés deux années de cultt
légumineuses fourragéres fertilisées oon (Stylosanthes hamat&t Stylosanthes
guianensitv. Cook) en 1982 et 1983, il a été réalisé des précédents culturaux (varié
[égumineuses et niveau de fumure) sur la croissance végétative et le rendement gr
du mais CJB non fellisé.

Matériels et méthodes

Les essais ont été menés en Cote dlvoire, plus précisément en zone nord (Kor
a lantenne de Karakoro et en zone centre (Bouaké) a la station du Centre de rech
zootechniques (CR2Z).

Des analyses de sols ont été effectuées systématiquement avant linstallatio
cultures deStylosanthed_es résultats enregistrés sont présentés en annexe.

Cessols, avec un pH supérieur a 6, étaient de texture sableuse pour les deux site
une forte proportion de gridlons a Korhogo (51%) et pauvres en phosphore (P rési
<5%). Le complexe adsorbant était moyennement saturé dans un cas comme dans
variant de 38 a 53,8%. La teneur en matiére organique était satisfaisante aussi
Korhogo (1,13%) qu'a Bouaké (1,55%).

Précédents culturaux

Deux espéeces de légumineuses fourrageres tropicatglwganthesv. Verano et
Cook) ont été cultivées en 1982 avec ou sppoa de P et K et soumises a trois coup
au cours de la période de 18 mois allant de juin 1982 & novembre 1983.

Réalisation de I'essai

Le composite jaune de Bouaké (CJB), variété de mais utilisée, a un cycle semis—r
de 100 a 105 jours. Les semences proviennent du département Elevage de D
(Institut des savanes). Un dispositif en blocs avec 4 répétitions a été utilisé. Au nomt
32 (2 précédents culturaux x 4 traitements fertilisations x 4 répétitions), les parcell
l'essai avaient été disposées en randomisation totale. Chacune avait une superficie
m? (6 m x5 m) avec 7 lignes de semis a écartement de 80 cm. L'intervalle entre les|
sur la ligne était de 25 cm, soit une densité de semis de 50 000 plants/ha. Les pa
étaient séparées par des allées de 2 m.

Deuxobservations agronomiques ont été réalisées uniquement sur les lignes ce
(5 au total), en excluant les deux lignes de bordure. Dés l'apparition de la floraison
la hauteur de végétation de 5 plants par parcelle soit 20 plants au total pour ct



traitement avait été mesurée. La récolte des épis secs a été effectuée en octobre 1
avaient été séchés a nouveau puis égrenés et le poids sec en grain pour chaque tre
(précédent cultural et type de fumure) a été déterminé.

Résultats

Croissance du mais

Les résultats obtenus sont présentés a la figure 1 pour les précédents cultural
fertilisés et fertilisés.

Figure 1. Hauteurdu mais a la floraison méle, aprés des légumineuses non fertilisées (A) et fertilisé

Hauteur (cm)

150 o)

[] S. Hamata (non fertilis¢)
['] S. Cook (non fertilisé)

100 [~

Bouaké Korhogo

Hauteur (cm)

150 - []'s. Hamata ( fertilisé)

[_I's. ook ( fertilisé)

100 |-

Roiiaké Korhono

Sur parcelles non felisées la hauteur moyenne du mais aBébamataétait plus
élevée a Bouaké qu'a Korhogo. La méme situation a été observé& .asmakdans les
deux localités, avec la différence que cette Iégumineuse semblait induire une crois
relativement plus importante q& hamata Korhogo.

Sur parcelles fertilisées quel que soit le site, les deuxlégumineuses induisaient ¢
mais une croissance en hauteur plusimportante tant a Korhogo qu'a Bouaké. La me



croissance avait cependant été observée sur ce dernier site aprés les deux pré
culturaux.

Pour un site donné et quel que soit le niveau déiatton, la croissance du mais étal
indépendante des précédents culturaux.

Rendement en grain sec du mais

La figure 2 présente les rendements de mais enregistrés respectivement ap
précédents culturaux avec et sans fertilisation.

Sur parcelles non falisées, le rendement moyen de mais af&samataétait plus
élevé a Bouaké qu'a Korhogo. Les rendements induits aussi bien a Bouaké qua Ko
semblaient relativement plus importants aecookqu'avecS. hamataune situation
semble-t-il plus marquée sur ce dernier site.

Sur parcelles fertilisées, les rendements obtenus étaient plus élevés que
enregistrés apres les précédents culturaux noitigést On note une relative supériorite
des rendements apr8shamatgar rapport &. cookaussi bien a Bouaké qu’'a Korhogo
Les rendements moyens étaient plus élevés a Bouaké qu'a Korhogo.

Figure 2. Rendement en grains secs de mais, aprés des légumineuses non fettilisées (A) et fertilisé
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Discussion et conclusion

A Korhogo, les résultats enregistrés étaient médiocres tant sur le plan de la crois
en hauteur que du rendement en grains du mais. |l convient de signaler que sur ce
saison seche a été particulierement longue au cours de la premiére année d'essai,
déficit hydrigue relativement important (Messager, 1983). Un mangue ou un excés
peuvent avoir des effets néfastes sur la nodulation et la fixation d'azote des légumin
fourragéres (Gibson, 1977; Gibsenal, 1982).

A Bouaké, les résultats étaient bien meilleurs, notamnpenir les précédents
culturauxfertilisés. Cette constatation confirme les résultats obtenus par Me 488331
sur la réponse des légumineuses fourrageres tropicales dlisafiets (P et K).

Malgré laugmentation sensible des rendements de mais aprés des précé
culturaux fertilisés, les chiffres obtenus n’atteignent pas les valeurs@# &3 000 kg/ha
obtenues en culture paysanne (Marchand et Hainzelin, 1982). Les résultats enregi
Korhogo comme a Bouaké sont cependant loin de ceuxrapportés a Tombokro (Me:
et Haas, 1977) et au nord du Nigéria (Haque et Jutzi, 1984) sur leffet résidue
[égumineuses fourragéres fertilisées. Cette situgidanrait s'expliquer par I'exploitation
(3 au total) des précédents culturaux. Talinetal (1976) ont observé qu'en l'absenc
dun apport d'engrais, un rythme rapide d'exploitation des I[égumineuses entrainai
baisse du rendement du mais. Messager et Haas (1977) estiment que l'azote fixé
Iégumineuses fourragéres est restitué au sol dans des proportions plus ou
importantes selon leur mode d’exploitation. Cet azote reste dans le sol a concurrer
la moitié ou des deux tiers lorsque les légumineuses sont paturées sur place. Rob
Raffin (1974) indiguent que toute culture fourragere fauchée et exportée doit
considérée comme une culture a part entiére et non comme une période de repos (je
du sol; elle est épuisante en fonction de lintensité des préléevements en éléments min

Lesrésultats de cette étude ne permettent de tirer aucune conclusion définitive
a leffet résiduel des légumineuses fertilisées sur une culture de mais. Néanmoi
permettent de mieux orienter les recherches futures dans ce domaine car dune
limportance de la fertilisation des précédents culturaux (Iégumineuses) est démont
d'autre part, lintérét de la sole fourragére dans le cadre de lintensification de l'agricu
en vue dun meilleur rendement des productions végétales et animales semble indé
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Annexe

Résultats de I'analyse des sols en 1982

Facteur Korhogo Bouaké
pH pH eau 6,1 6,4
Argile % 5,63 8,25
Limon % 5,38 6,60
Granulométrie Sable tres fin % 4,28 5,63
Sable grossier % 51,19 41,82
Humidité a 105 % 1,94 1,77
Matiere organique Matiére organique % 1,13 1,55
Carbone % 0,66 0,90
Azote total % 0,40 0,59
Rapport C/N 16,50 15,20
Phosphore Total ppm 240 160
P 10 7
P résine ppm 3,7 4,1
Complexe absorbant Ca me pour 100 g 0,94 1,50
Mg me pour 100 g 0,68 1,05
K me pour 100 g 0,10 0,18
Na me pour 100 g 0,02 0,01
S des bases Sme/100 g 1,74 2,74
Capac. d'échange
T me/100 g 4,40 7,20
Saturation V = 100 S/T 39,55 38,06
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Résumé

Le principal obstacle au développement de la production agricole dans le Sud
est la baisse de la fertilité des sols. Cjgstirquoi, dans l'objectif d'améliorer la jachere
des essais ont été effectués pour tester des soles fourragéres pluriannuelld88Brete
1992, une expérience split-plot a été effectp@er tester trois facteurs, a savoir la clétur:
le phosphate naturel de Tilemsi (PNT) et diverses espéces fourrageres.

Il ressort des résultats enregistrés @tglosanthes hamatan culture pure était
supérieur aux autres espéecestestées et a leurs associations et ce, en raison de son
recouvrement aussi bien a lintérieur qua I'extérieur de la cl6ture. L'appod0dég de
PNT avait un effet favorable sur la production de fourrage et sa teneur en phospha

Aprés trois ans, l'amélioration de la fertilité du sol se manifestait surtout par
meilleur rgpport C/N, un niveau plus élevé d'azote et de phosphate et une produc
supérieure apres la mise en culture.

Cependant, compte tenu du climat, des conditions économiques et de lattitud
populations de la région, les chances d'adoption des jachéres améliorées sont
restreintes.

Trials on the introduction of fodder plots on
agricultural farms in Southern Mali

Abstract

The main constraint to increased agricultural production in southem Mali is decreasing
fertility. This led to trials to assess long-teradéler plots designed to improve fallows. Betwe
1988 and 1992, a split-plot design experiment was carried out to study the effect of three f
namely fence, Tilemsi natural phosphate (PNT) and various fodder species.

The results show that when grown alostylosanthes hamatautperformed other
species or their combinations, due to better cover both inside and outside the fence. Aj
600 kg of PNT/ha had a positive effect odder production and phosphate content.

Three years after establishment, soil fertility improved as evidenced by better C:N r:
higher nitrogen and phosphate levels and increased yields of subsequent crops. Howeve
the climatic and economic conditions in the region and people’s attitude towards fodder
prospects for adoption of this innovation are rather bleak.



Introduction

La Division de recherches sur les systemes de production rurale a Sikasso (DF
Sikasso) travaille dans le Sud-Mali depl®¥7 avec une équipe pluridisciplinaire. Sa zot
dintervention couvre aujourd’huitrois zones agro-écologiques identifiées sur la base
pluviométrie, de la date des semis et de la durée de la saison agricole (PIRT,
La population, sans cesse croissante, est essentiellement composée dagriculteu
dorigine, ce qui entraine une lourde pression sur la terre.

Lintroduction de la culture de rente et le soucide rentabiliser le matériel agricole
provoqué dune part des problemes dautosuffisance alimentaire et dautre part
extension des superficies cultivées (Berckrmaias, 1990). Lespports d'engrais, toujours
insuffisants, sont constitués de fumier organique et de fumure minérale. Le sys
d’exploitation se résume en une succession de cultures avec des temps de jachéres
en plus courts, ce qui a entrainé une baisse progressive de la fertilité.

La conduite du troupeau est traditionnellement caractérisée par une longue pé
de divagation de décembre a juin. Pendant la saison seche, 'herbe est de qualité me
lorsqu'elle n'est pas tout simplement inexistante, d'ou une faible productivité du sec
de I'élevage.

Tout cela a conduit a une détérioration des ressources naturelles, favorisant I'ér
hydrique et éolienne dans un milieu ou les feux de brousse sont courants des la |
récoltes. Face a ces problémes, la DRSPR a lancé avec des agriculteurs des tests
fourragérespluriannuelles. Ces essais visent un triple objectif, a savoir améliorditéa fe
des sols, produire du fourrage de qualité afin de réduire la dépendance des paysans\
des aliments de lI'extérieur et couvrir les sols afin de les protéger contre les eaux de
le soleil et le ruissellement.

Un programme de prévulgarisation est déja en cours d’exécution avec la Comp
malienne de développement des textiles (CMDT).

Meéthodologie

Des parcelles de 1 ha a mettre en jachére ont été identifi€es chez trois paysa
zone agro-écologique en 1988. Un schéma expérimental split-plot a été mis en plac
de déterminer linfluence de trois facteurs, a savoir la cléture, le phosphate natur
Tilemsi (PNT) et l'espéce fourragére. Le PNT était appliqué a trois niveaux: 0 kg, 3C
et 600 kg. Dans chaque zorstylosanthes hamattait semé en culture pure et compal
avec la jachére naturelle (témoin). A Tominian (700 mm de pluies/an) en zone semi-
il'yavait en plus l'association d&tylosanthest deCenchrus ciliaridd'une part et de l'autre
celle deMacroptilium atropurpureumet de Clitoria tematea.A Koutiala (900 mm de
pluies/an) en zone humide, la premiére association a été remplacée parSsllesdmthes
et dePanicum maximumA Fonsébougou (1 100 mm de pluies/an) en zone trés hum
en dehors du témoin, la culte pureSkylosanthea été comparée a son association av
Brachiaria ruziziensigt avedanicum maximum.

Des prélevements d’échantillons de sol ont été effectués en début de test et :
différents traitements en fin de cycle. En outre, les résultats des analyses de sol c
comparés aux observations effectuées sur chaque traitement auprés des pays:
recouvrement du sol et la contribution spécifique des espéces ont été déterminés de
par an par la méthode des points quadrants alignés (100 points le long de deux lig
20 m). La production de fourrage a été estimée par le jet de placegm d&um fois par
an. Lesteneurs en azote et en phosphore ont été déterminées par traitement et p
(cing fois pendant les trois années d'observation). Aprés trois années, les soles ©
labourées en début de campagne et seméesSavgitum bicoloafin de déterminer les
conséguences agronomigues des tests effectués.



Résultats

Recouvrement du sol

Le recouvrement du sol par les espécesindique une protection efficace contre le
de pluie, le soleil et le vent et une bonne production de biomasse. Il donne une indi
sur la résistance des espéces au paturage. Les résultats indiqu&tylgsenthepur
donne partout la nikeure couverture et se maintient mieux pgspart aux associations
et a la combinaisoMacroptilium atropurpureum- Clitoria ternatea En zone humide, son
recouvrement approche 100% et il se maintient assez bien hors de la cl6ture. Er
semi-aride le recouvrement est moins élevdtglbsanthea du mal a se maintenir hors d
la cléture. Aucun effet du PNT n'a été clairement observé sur le recouvrement dansa
des trois zones d’'observation.

Production de fourrage

En zone semi-aride en 1988, et dans les trois zZpoesles deux dates d'observatiol
de 1989, une différence significative a été enregistrée entre les eppéacésproduction
de fourrage. D'une maniére générale, la production des parcelles sem€endaus
ciliaris était relativement faible en 1988, tandis que celles des parcelles semé
Brachiaria ruziziensi®t des témoins étaient relativement élevées (tableau 1). Au coul
la premiere année, l'apport 660 kg de PNT se traduisait par un accroissement signific
de la production de fourrage dans les zones humide et trés humide (tableau 2).

Tableau 1. Production de fourage (MS/ha) des diversesesp fourrageres dans les différentes zon
agro-écologiques en 1988

Zone semi-aride Zone humide Zone trés humide
Témoin 1,79¢c 3,29b 5,75b
Stylosanthes 1,27b 2,92b 4,34a
Cenchrust Stylosanthes 0,53a 0,88a -
Brachiaria+ Stylosanthes - 3,61b 7,12c
Panicum+ Stylosanthes - - 4,87ab

Dans une méme colonne, les chiffres suivis de la méme lettre ne sont pas significativement différents au seuil

Tableau 2. Effet du PNT sur la production de fourrage en zones humide et tres humide

PNT Zone humide Zone trés humide
0 2,14a 4,47a
300 2,31ab 5,34a
600 3,58b 6,75b

Dans une méme colonne, les chiffres suivis de la méme lettre ne sont pas significativement différents au seuil

Les parcelles cloturées étaient plus productives que celles non cléturées. En r
la production de ces dernieres était plus élevée que celles présentées au tableau 3
mesure ou il estimpossible de quantifier la consommation totale des animaux. Lesré:
enregistrés en zone trés humide indiquent gqu'aprés une période de surpéaturage p
la saison séche, la productivité des soles fourragéres pendant la saison pluvieuse s
était inférieure a son niveau de lhivernage précédent. Dans les zones humid
productivité deStylosanthegtait généralement supérieure a celles des associations ¢
témoin.



Tableau 3. Effet de la cl6ture surla production de fourage (t de MS/ha)

Zone semi-aride Zone humide Zone trés humide

1988 1989 1988 1989 1988 1989
Témoin 0,87a 1,33a 2,30a 1,65a 5,51a 1,0a
Cloéture 1,34b 4,01b 3,05a 5,49b 5,53a 8,62b

Au sein dune méme colonne, les chiffres suivis de la méme lettre ne sont pas significativement différents
de 10%.

Qualité du fourrage

En 1989, leffet de la cléture sur la qualité du fourrage dans les zones humic
semi-aride était exactement opposé en ce qui concerne la teneur en phosphore. E
semi-aride, la teneur en phosphore du fourrage était significativement plus éle
lintérieur qu'a l'extérieur de la cléture, ce qui pourrait étre dd a la contribution limitée
légumineuses au fourrage a l'extérieur. Ce schéma était inversé en zone humide. C
peut-étre di au fait que sous leffet de la pature, la végétation a I'extérieur de la cl
continuait pendant toute la saison a former de nouvellddetetiches erphosphore,
tandis que dans la partie cléturée, elle était dominée par des feuilles moins fraiches
pauvres en phosphore.

L'effet du PNT n'était significatif qu’en zone trés humide (tableau 4), ce qui pour
s’expliquer par la faible teneur initiale en phosphore des sols de cette zone. La ten
azote du fourrage dépendait de la zone considérée et était liée a la productivité (table

Tableau 4. Effets du PNT surla teneuren P (%) du fourrage, zone trés humide.

PNT AoQt 1989 Oct. 1989 Aodt 1990
0 0,076a 0,055a 0,093a
300 0,121b 0,094b 0,120a
600 0,168c 0,120b 0,170b

Au sein d'une méme colonne, les chiffres suivis de la méme lettre ne sont pas significativement différents
de 10%.

Tableau 5. Teneur en azote du fourrage par espéce fourragere en 1988

Zone semi-aride Zone humide Zone trés humide
Témoin 1,39a 1,23b 0,96a
Cenchrus + Stylosanthes 1,17a 1,66ab -
Stylosanthes 2,26b 2,086 -
Macroptilium + Clitoria 2,53b — -
Panicum + Stylosanthes - - 0,78a
Brachiaria + Stylosanthes - 0,95a 0,95a

Dans une méme colonne, les chiffres suivis de la méme lettre ne sont pas significativement différents au
10%.

Fertilité du sol

Les jachéres améliorent les variables physico-chimiques du sol. D'une mat
générale, les sols des trois zones étaient trés acides, et a Koutiala la capacité dé
cationiqgue (CEC) ne saméliorait pas, quoique son niveau soit médiocre. Le tal
phosphore assimilable augmentait nettement en zone trés humide, alors qu’l éta
faible au départ (normes FAQ). Apres trois années de jachére améliorée, le rappo



se situait entre 8 et 12 (le niveau souhaitable), ce qui est une nette améliorati
comparaison du rapport initial de 21 a 30. L'effet de la cl6ture sur les caractéristique
sols n‘a pasfait I'objet d'analyse statistique. Le pH-eau apparait légérement plus élev
les parcelles cléturées dans les zones semi-aride et humide (tableau 6).

Tableau 6. Effet de la cldture sur quelques variables chimiques du sol

pH-eau Carbone Azote Pa Pt CEC Ca-éch.

Semi-aride (5,51) (0,47) (0,021) (8,9) (69,5) (2,46) -

Témoin 5,8 0,28 0,039 11,6 124 4,0 2,31
Cloture 6,1 0,34 0,040 14,2 114 4,0 2,31
Humide (5,05) (0,41) (0,016) (11,2) (50,6) (2,3) -

Témoin 54 0,27 0,031 13,1 114 24 1,33
Cloéture 57 0,26 0,033 14,5 122 2,2 1,25
Trés humide  (4,59) (0,54) (0,025) (2,01) (72,6) (4) -

Témoin 51 0,49 0,050 8,2 174 5,0 1,98
Cléture 51 0,92 0,057 8,0 142 4,6 1,76

( ) = Niveau initial.

Pa = P assimilable; Pt = P total.

L'effet du PNT surle P assimilable et le P totalen zone semi-aride et sur le P assin
en zone humide était significatif. Une dose de 600 kg PNT/ha contient environ 79 }
phosphore. En supposant que ce phosphore a été fixé dans le sol jusqua une prof
de 30 cm, cela représente 19 ppm de P total. La différence en P total entre les pa
avec et sans fumure était négligeable en zone trés humide et égale a 13 ppm e
semi-aride, et a 7 ppm en zone humide (tableau 7).

Tableau 7. Effet du PNT sur la teneur en phosphore total (Pt) et assimilable (Pa) des sols

Zone semi-aride Zone humide Zone trés humide
Taux Taux Taux
initial 0 1 2 initial 0 1 2 initial 0 1 2
Pt 69,5 105 115 136 50,6 113 122 119 72,6 155 162 156
Pa 8,9 6,6 135 196 11,2 11,0 125 179 2,01 6,9 9,4

0, 1 et 2 sont les niveaux 0, 300 et 600 kg de PNT/ha.

Mise en culture

La réponse du sorgho, lors de la mise en culture, a étléume dans toutes les sole:
(sur tous les sites) par rapport aux jachéres avoisinantes mises en culture par les |
et ayant subile méme régime de fumure. L'analyse des résultats montre que seuls le
la cl6ture ont un effet significatif positif (tableau 8). L'effet du PNT n’était significatif qu’
zone trés humide. Les autres facteurs avaient des effets arithmétiqguement différent
attribuables a dautres facteurs comme les pluies, I'état initial du sol, la résistanc
especes etc.

Tableau 8.Effet de la cléture de la jachére améliorée sur la production de sorgho (kg/ha)

Zone semi-aride Zone humide Zone trés humide
Témoin 688 769 401
Cloture 903 1096 603




Ilressort desrésultats de I'évaluation effectuée avec les paysans que la sole four
permet de restaurer la fertilité des sols et de raccourcir la durée des jacheéres. Le ¢
constitue incontestablement le meilleur moyen de protéger la sole contre la pature |
animaux.

Discussion

Compte tenu du co(t élevé du grillage, on a tenté, dans le cadre des actio
prévulgarisation, de le remplacer par la haie vive et des espéces protectrices, notal
Bauhinia rufescenst Zizipus mauritiana

Le fourrage de qualité ne peut étre obtenu qu'a une période ou les paysans sol
occupés, de sorte que la détermination dune période optimale permettra de fav
l'adoption des soles fourrageres.

La prévulgarisation et la vulgarisation des soles fourrager&tyd@santhes hamata
et dAechynomene hystrisont en cours sur la base dune fiche technique dans di
programmes de gestion du terroir et de gestion de I'élevage. La fertilité des sols
parametre majeur de la production agricole. Toutefois, des actions appropriées di
étre entreprises pour fliter linstallation de clétures métalliques et encourager |
populations a lutter contre la divagation.

Conclusion

Lorsqu'elle est cloturée, la sole fourragere c'est-a-dire jachére améliorée, a
influence positive sur certaines variables physico-chimigues du sol et sur leur produc
aprés la mise en culture. La principale amélioration se situe au niveau du rapport C
de lateneur en phosphore. Un apporéd@kg dephosphate naturel a un effet significati
non seulement sur la production du fourrage et sa teneur en phosphore, mais éga
sur la productivité du sorgho lorsque la teneur initiale en P assimilable est faible.

Les paysans, qui accordent une grande importance a la production de fourrag
identifié diverses contraintes a l'adoption des soles fourrageres, y compris l'acquisitio
semences, l'application du PNT et la protection de la jachére.

Les haies vives ne peuvent permettre de séparer efficacement les parcelle:
viduelles que silon arrive a combattre efficacement la divagation. Les chances de ré
de la jachére améliorée en zone semi-aride sont restreintes. La recherche de solu
amené la DRSPR a tester d'autres associations comme par exemple le pois d
(Cajanuscajan)le niébé en lignesalternées avecles céréales et d'autres e §mdenia
rufescen®t Ziziphus mauritianpdans ces zones.
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Introduction des soles fourrageres de
Stylosanthes hamata dans les exploitations
agricoles du Sud-Mali

B. Fomba et R. H. Bosma

DRSPR/Sikasso, B.P. 186, Sikasso (Mali)

Résumé

La Division de recherches sur les systemes de production rurale (DRSPR/Sika
commencé en 1989 au Sud-Malila prévulgarisation de la sole fourragére/jachére amé
avec utilisation de haies vives. Les objectifs de la sole sont la production de fourrage
restauration de la fertilité des sols. Les paysans apprécient ce double objectif mai
surtout motivés par la production de fourrage précédant la mise en culture. Etant
gue les excédents de céréales produits par suite de la jachére améliorée ne permet
de rentabiliser la sole, la vulgarisation devrait surtout viser a promouvoir l'utilisa
optimale du fourrage produit.

L'adoption des soles fourragéres est difficile pour les exploitations agricoles dispc
de peu de main-d'oeuvre. La nécessité de protéger les soles contre les animaux en
favoriser l'accumulation de matiére organique et la production des semencesest un f
limitant de sa vulgarisation. Les haies vives ne permettent pas de protéger efficacem
soles alors que la cl6ture en matériel durable n’est pas toujours facile a construi
recherche de solutions possibles en matiere d'exploitation optimale du fourrage
protection se poursuit sur la base d'autres modes de conduite des animaux.

Introduction of Stylosanthes hamata fodder fallows
agricultural farms in Southern Mali

Abstract

The Division de recherches sur les systémes de production rurale (DRSPR/Sikasso) i
started a pre-extension programme on improved fodder fallows protected by live fen
southem Mali in 1989. The programme was designed to prochdaef and restore soil
fertility. While appreciating these two objectives, farmers were primarily interested derf
production preceding cropping. Since the surplus cereal produced as a result of the imp
fallow does not guarantee the financial attractiveness of the system, extension schemes
focus on optimal use of the fodder produced.

Adoption of these fallows is difficult on farms with inadequate labour supply. The |
to protect fallows against unregulated grazingin orderto achieve organic matteraccumul:
and seed production is a limiting factor to adoption. While live fences are inappropriats
effective protection, durable material fences are not always easy to build. Research con
however, on alternative solutions to optimum foddiisation and fallow protection, based
on altemative livestock management techniques.



Introduction

Le Sud-Mali est une des principales zones d'agriculture et d'élevage du Mali c
dégradation des sols est un probléme de plus en plus alarmant. Des institutio
recherche et de vulgarisation collaborent dans cette zone en vue de mettre au po
systemes de production plus durables et plus productifs.

Organisation

La Division de recherches sur les systemes de production rurale a Sik
(DRSPR/Sikasso) travaille dans la zone Sud-Mali de}Rii8/79 en collaboration avec le
principal organisme de vulgarisation de la zone, a savoir la Compagnie malienne p
développement des textiles (CMDT).

La démarche recherche systéeme comprend quatre phases: le diagnos
planification, I'expérimentation et le transfert dont la prévulgarisation des résultat
recherche est une sous-étape (Jolderstnad, 1991). L'élaboration du programme de |
DRSPR comprend entre autres une restitution des résultats auprés des paysa
rencontres avec les organismes de développement et la recherche thématique, t
tenant compte des orientations du plan national des ressources humaines et final
disponibles. La DRSPR/Sikasso trdleeessentiellement avec les agriculteurs sédentai
et n'a développé aucun test eflien pastoral semi-sédentaire.

Geéographie

La zone dintervention actuelle de la DRSPR comprend trois zones agro-écolog
(PIRT, 1986), identifiées sur la base de la pluviométrie, de la date de semis et de la
de la saison agricole (mai a décembre). Il s'agit de la zone nord-soudanienne, sem
avec 500 a 900 mm de pluies, de la zone nord-guinéenne, humide avec 900 a 1 100
pluies et de la zone guinéenne, trés humide, avec plus de 1 100 mm. La saison sécl
de cing a neuf mois et comprend une partie froide et une autre plus chaude. La
dintervention a une superficie d'environ 48 000%ira DRSPR entreprend des activité
de recherche dans au moinstrois villages représentatifs par zone agro-écologique ai
des actions de préwulgarisation dans plusieurs villages.

Hormis le caractére aléatoire de la pluviométrie, le probléme clé de la 2
dintervention est la baisse de la fertilité des sols par suite du raccourcissement
l'absence des périodes de jachére, des pratiques culturales non adéquateslisatimaut
insuffisante et déséquilibrée des fertilisants et du fumier et de la réalisation, voir
dépassement, de la capacité de charge maximum des parcours.

Tout cela entraine une détérioration des ressources naturelles, favorisant I'ér
hydrique et éolienne. A cela, il convient d’ajouter les feux de brousse fréquents
débroussaillement. En raison de l'appauvrissement des paturages, la quantité et la
des fourrages de saison séche laissent beaucoup a désirer, d'ou une productivité m
ou trés faible du systéme délevage et du systéeme de culture. Dans certaines zor
signale un cycle biennal de reproduction bovine et des taux de reproduction anr
proche de 40% (Bosmet al, 1992). En outre, I'élevage extensif ne peut permettre
satisfaire les besoins en fumure du sol dans un systéme continu de culture ou plus c
des terres sont cultiveées (Pieri, 1989).

Systémes de production

Les systemes de production dominants au Sud-Mali sont des systemes famili
caractére agropastoral privilégiant l'agriculture. L'exploitation agricole moyenne con
13 personnes et occupe une superficie d'environ 10 ha. Le systéme de culture con



des cultures céréaliéres (mil, sorgho, mais et fonio) généralement associées au nié
loseille (dah). Les principales cultures de rente par ordre dimportance sont le cotc
mais, l'arachide, le dah-fibre et le sésame. Les rendements agricoles sont variables
tendance a diminuer, ce qui fait obstacle a l'objectif d'autosuffisance alimentaire et o
a augmenter les superficies cultivées a l'aide de la traction animale. L'introduction de
technologie n'a pas conduit a une intensification des systémes de culture (Berekm
al., 1990).

Traditionnellement, I'élevage n’'était pas une activité importante dans cette ré
Par la culture attelée et comme épargne de précaution, les bovins constituent actuel
un élément clé du systeme de production rurale (Bergally, 1992). En plus, les petits
ruminants en particulier contribuent a la satisfaction des besoins pécuniaires, soci
religieux de la population. La conduite des ruminants est traditionnellement caracté
par une longue période de divagation des animaux de décembre a juin. Aprés lesré
ils paturent librement les résidus de récolte et les parcours naturels. Les petits rum
passent la nuit habituellement au sein dun enclos dans la cour de la ferme. /
linstallation des cultures, les animaux sont gardés pour éviter les dégéats dans les c
(Bagayogeet al, 1992).

Pour cibler la recherche de solutions et les messages a vulgariser, on distingue e
Mali-Sud quatre types d'exploitation agricole sur la base de I'équipement et du ch
bovin. Le type A dispose de beaucoup de bovins et de main-d'oeuvre, tandis que le
est souvent confronté a un probléme de capital (bovins) et de main-d'oeuvre. Par ai
le type C ne dispose que dune partie de I'équipement nécessaire, tandis gt
exploitations de type D sont généralement démunies. Dansla zone semi-aride onren
aussi la traction asine et équine.

Historique

Face aux contraintes du maintien de la productivité, la DRSPR a entamé des te
soles fourragéres pluriannuelles. Avant que les résultats de ces tests ne soient disp
et wu limportance qu'elle accorde a ce théme, la CMDT a démarré un progra
diintroduction de soles dstylosanthes hamatians sa zone dintervention. C'est ainsi gL
la prévulgarisation a démarré en 1989/90 dans quilrges des régions CMDT de Sikass
et de Koutiala dans l'objectif daméliorer la jachére et de produire du fourrage de gt
afin de diminuer la dépendance des paysans vis-a-vis des aliments venus de l'ext
Faute de semences @&tylosantheen 1990/91, certaines soles ont été semées &
Aeschynomene hystrigui est également une légumineuse pérenne produite a la fe
semenciére de la SODEPRA a Korhogo (Cbéte d'lvoire).

Programme de prévulgarisation des soles fourrageres

Objectifs

Le programme de prévulgarisation visait trois objectifs principaux, a savoir évalue
résultats techniques de lintroduction de soles fourragéres dans les conditions de g
technique des paysans, déterminer le degré dadoption des soles par les pay:s
déterminer le fonctionnement des services dappui (CMDT) pour le transfert du me:
et les conditions a remplir (approvisionnement en semences, etc.).

Justification

La sole fourragére pluriannuelle est une parcelle de Iégumineuses pére
permettant de raccourcir la durée de la jachére grace a lamélioration de la fertilité d
Elle produit en méme temps du fourrage de qualité et protége la parcelle contre I'ére
Apréstrois années, cette sole aura atteint un niveau de fertilité suffmangétre mise en
culture (DRSPR, 1992a).



Compte tenu de la nécessité de protéger les soles fourragéres et étant donné
grillage est trop chepour la plupart des paysans, on a dd recourir aux clotures de f
vives. Les espéces utilisées sdiuphorbia balsamiferaet Jatropha curcaslesquelles
avaient donné de bons résultats dans un précédent programme de lutte anti-¢
(DRSPR, 1986). Cing champs ont été retenus flage et dans chacun d'entre eux, un
parcelle de 10 m sur 10 a été cléturée avec du grillage a titre de démonstration. C
fumure de fond, le phosphate naturel de Tilemsi a été épandu a la ddge kigha et
enfoui au moment du labour.

Méthodologie d’introduction

La méthodologie d'introduction des soles fourragéres commence par une réuni
sensibilisation des paysans et le choixdes paysans volontaires par le village. Puisune
de démonstration de limplantation des soles et des haies vives est organisée par les
dencadrement. Elle est suivie de visites inter-paysannes au sein des villages, p
l'évaluation intermédiaire collective et individuelle avec des paysans impliqués
collaboration avec I'équipe technique villageoise. Enfin, on procéde a I'évaluation fi
par la restitution et la discussion des résultats en assemblée villageoise avec les trois
concernés (DRSPR, CMDT, paysans).

Quatre villages ont été choisis de commun accord par la CMDT et la DRSPR ¢
les villages ayant déja bénéficié d'un programme antérieur de prévulgarisation. Ce c
ne reflete pas clairement le degré de gravité des problémes (fertilité, fourrage, érc
auxquels les soles fourragéres sont destinées a apporter des solutions.

Exécution

L'approvisionnement en semences a été prisen charge parlaCMDT, étant donr
les semences sont difficiles a acquérir et cheres au Mali. Elles ont été achetées e
d’lvoire au prixde 4 000 FCFA/kg. Les bouturesupiorbe et les semences de pourghé
ont également été fournies gratuitement par le méme organisme.

Un protocole définissant les taches des différents partenaires dans la prépal
lexécution et I'évaluation du programme de prévulgarisation a été élaboré. La DR
assurait la formation technique de l'encadrement CMDT, lequel était chargé du
guotidien. Par des visites ponctuelles sur le terrain, la DRSPR apportait son ap
diverses étapes du programme. Une fiche technique provisoire avait été élaba
lintention de 'encadrement CMDT afin de faciliter la mise en place et le suivi des activ

Résultats

Aprés trois années de fonctionnement, le programme de prévulgarisation des
fourragéres a rassemblé 59 paysans et porté sur un total de 49 ha (tableau 1). Les s
surtout été réalisées au niveau des exploitations agricoles de type A (33) et B (19).
de type C (2) et D (5) sont localisées a Touroumadié.

Tableau 1. Caractéristiques des soles fourageresStgosanthes hamatd dAeschynomene hystrix
mises en place au Sud-Mali entre 1989 et 1991

. Nombre Nombre Superficie réalisée (ha)
Village total d’exploitations Moyenne/
d’exploitations suivies Totale exploitation
Kola 84 13 10,7 0,8
Karangana 120 17 12,7 0,7
Segain 58 11 15,5 14
Touroumadié 18 18 104 0,5

Total 59 49,3




Pour ce qui concerne la période et lestechniques dinstallation des soles, les se
juillet donnent des meilleurs résultats. On constate parfois que les paysans or
difficultés a bien répartir les semences sur la parcelle. lls avaient tendance a comp
semence d8tylosanthea celle du fonio a cause de la taille des graines, alors que lesc
recommandées étaient tres différentes, a savoir 6 kg/ha $tglosanthegontre 25 a
30 kg/ha pour le fonio. Pour permettre un semis homogéne, on peutleonsefaire un
guadrillage de la surface et de répartir la semence entre les différents blocs avant le

Lors de l'évaluation intermédiaire, avant la mise en culture, il a été demandé
participants de choisir parmi les trois objectifs celui quils jugeaient le plus impor:
(tableau 2). L'importance accordée aux objectifs dépendait de la situation particulié
village. D'une maniére générale limportance de la restauration de la fertilité était
percue, sauf a Touroumadié ou il existait encore des terres disponibles. A Ségai
exploitants ont installé des soles sur des terres trés pauvres et ont pu constater
espéces utiliséegoussaient la ou dautres especes dherbe ne pouvaient germe
production de fourrage était généralement considérée comme un objectif important
a Kola ou les paysans semblaient beaucoup plus préoccupés par le probleme de I'€
A Touroumadié, ou il existe une plaine rizicole et davantage d'exploitations des type:
D, le probleme de fourrage ne se pose pas avec la méme acuité, mais le fait que les a
apprécient beaucouptylosanthepeut expliquer limportance accordée a sa productio

Tableau 2. Opinions des patrticipants a I'évaluation interm édiaire sur limportance des objectifs
soles fourragéres

Importance de l'objectif (%)

participants Lutte anti- Production
Fertilité érosive de fourrage
Kola 23 30 56 14
Karangana 32 47 0 53
Ségain 44 45 5 50
Touroumadié 22 9 45 45

Danslaméme année, une enquéte a été menée auprésd’'un échantillon d'exploi
agricoles non impliqguées en vue d’évaluer leur intérét pour ce programme et leur of
sur lefficacité de la démarche suivie. 24 des 27 exploitants interviewés ont déclaré
visité au moins une sole fourragére tandis que 26 souhaitaient en installer. Out
objectifs mentionnés, les personnes interrogées étaient séduites par la délimitatic
parcelles et la possibilité de vendre des semenc8gtessanthed e seul interviewé pour
qui cette technologie ne présentait aucun intérét se trouvait sur de nouvelles défric

Il ressort des résultats de I'évaluation intermédiaire que de nombreux pay
participants ou non, aimeraient voir ce programme se poursuivre. La non-dikgoaés
semences et boutures constituerait un obstacle majeur a franchir en la ma
Quelques-uns estiment que linstallation des soles est contraignante pour les exploit
possédant peu de personnes actives. La méme raison a été évoquée pour expliquer
nombre de participants. La majorité des interviewés estiment que tous les
d'exploitation peuvent étre intéressés, et plus particulierement ceux qui possédel
bovins.

La croissance veégétative des plantes des soles fourragéres a été assez bonr
jusqua la troisieme année, les haies vives n'arrivaient toujours pas a les pro
efficacement. En quatrieme année, aprés la mise en culture des premieres soles (1¢



certains paysans se disaient convaincus que cette technigue permettait effectivem
restaurer la fertilité des sols. Il est vrai que les cultures installées sur ces soles prése
un meilleur dévalppement et un nileur comportement végétatif que cellesinstallées s
les parcelles témoins.

Vu lintérét des paysans pour ce programme, celui-ci se poursuit pendant que cor
la recherche de solutions aux problémes identifiés. Actuellement, la prévulgaris
concerne aussi 49 villages du programme pilote “Elevage et gestion de terroir”
CMDT. Afin dinformer et d'associer davantage les vulgarisateurs, une nouvelle f
technigue (DRSPR, 1992b) a été élaborée. En ce quiconcerne la production de ser
par les paysans eux-mémes, une fiche provisoire définissant les techniques de récc
semences a été élaborée, ainsi qu'un module destiné a la formation des exploitants

Discussion

Les objectifs prioritaires des soles fourragéres sont l'amélioration et le maintien
fertilité des sols et la production de fourrage de qualité. La situation actuelle perme
de réaliser tous ces objectifs? Sont-ils conciliables? Lintroduction de soles est-elle
opération rentable?

Un développement abondant de la végétation favorise l'accumulation de ma
racinaire, facteur déterminant pour la qualité de la jachére améliorée. Pour la réus:s
lajachére, elle doit donc étre protégée contre l'exploitation intensive par lesanimaux.
protection est imposée par le systéme actuel de conduite des animaux et lattituc
paysans vis-a-vis des cultures fourrageéres. Celles-cine sont jusquici pas considérées
fermées auxanimaux dans la mesure ou elles ne sont pas encore reconnues par les
comme une culture a part entiére du systéme. Qui plus est, tout fourrage sur pied af
récoltes de céréales est considéré comme paturage a acces libre et, étant donné
grande partie des animaux n’est pas surveillée, ils se livrent a la divagation.

La non-protection des soles pose également probléeme en ce qui concer
production semenciére. Les petites parcelles de 10 m sur 10 cléturées dempillagat
servir a la multiplication des semences. Les paysans produiront ces semences be:
moins cher que les fermes semenciéres.

Le remplacement de la cl6ture en matériau durable par des haies vives sera un
de trés longue haleine, qui en plus sera rarement efficace dans la mesure ou les c
caprins des zones humides sont de trés petite taille et peuvent se faufiler aisément a
des ouvertures a peine visibles. Pour linstant, les haies vives serviront plutét a déli
les parcelles individuelles. La cléture en fil de fer constitue le plus important post
dépense dans le budget dexploitation de la sole (tableau 3), et seules les exploit
agricoles dotées dun capital de réserve important (bovins) pourront se l'offrir. Si to
pouvaient se convaincre de la nécessité de protéger les jachéres améliorées, les p
pour divagation d'animaux pourraient étre étendues a la saison séche et l'accés au
pourrait étre réglementé.

L'adoption d'une innovation par le paysan est surtout fonction de l'avantage qu'il
entirer a courtterme. La sole bénéficiera a court terme auxexploitations agricolesat
I'exploitation du fourrage pour l'alimentation des animaux, autrement dit laméliorat
de la force et l'endurance des animaux de trait au début de la campagne ag
laugmentation du taux de survie des reproductrices suitées et de leurs produits
commercialisation du lait. En mettant l'accent sur ces aspects de la production animé
pourra mieux rentabiliser l'utilisation du fourrage. Et cela d’autant plus que le surplu
production céréaliere quengendre la jachére améliorée protégée équivaut a peir
investissements en semences et engrais.



Tableau 3. Budget d’exploitation (en FCFA) d'une sole fourragére dans la zone humide, avec cl
en barbelé et utilisation du fourrage apres la coupe

Dépenses Montant
Cléture 60 720
Semences 12 kg 18 000
PNT 600 kg 18 000
Préparation du sol 10 000
Semis 1j/h 600
Désherbage 2 j/h 1200
Coupe, transport et stockage 40 000
Dépenses totales 148 520
Recettes

Fourrage sur 3 ans: 11,2 t/ha (pertes 20%) 168 000
Production de céréales supplémentaires par rapport au 300 kg/ha = 600 kg/ha 36 00
Recettes totales 204 000
Bilan (dépenses-recettes) + 55480

Pour lévaluation économique, les prix suivants ont été retenus: foBtyitesantheg= prix aliment bétail):
15 FCFA/kg. Coupe, transport et stockage: 5 FCFA/kg. Céréales: 60 FCFA/kg. Cléture en fil de fer barbel
= 360 FCFA/m; colt poteaux en bois local et fixation (y compris tendeurs) = 100 FCFA/m; co(t total 18
FCFA/ha, amortissement et perte de valeur sur 20 ans (11%): 20 240 FCFA/an. Co0t total sur 3 ans:
FCFA/ha (cloture en grillage: 188 400 FCFA/ha).

Entretien cléture: 10 000 FCFA/an.

L'importance du fourrage produit pour l'adoption de linnovation justifielisetion
de Stylosanthegspéce qui garantit une certaine qualité fourragére. Son exploitation
se faire sous forme de fauche ou de péature comme par exemple dans les b:
fourragéres (CIPEA, 1989). Une pature bréve et intensive pendant la premiére sais
pluies réduira la vigueur des adventices en fave @tdesanthed.e budget d’exploitation
indigue que la coupe donne unilieair résultat que la pature, mais le coQt d'un disposi
efficace de stockage (grange) n'a pas encore été pris en compte. L'utilisation par f;
entraine la perte des feuilles (partie la plus nutritive de la plante), encore qu
contribuent a restaurer la fertilité du sol. Le fourrage de meilleure qualité s'obtiendre
aolt/septembre, mais cette période, qui coincide avec les opérations de désherbac
buttage de certaines cultures et la récolte du mais et de l'arachide, est donc une
bien remplie dans le calendrier agricole des paysans. Aussi pendant cette péri
continue de pleuvoir, ce qui affecterait la qualité du fourrage silesrécoltes se faisaier
que des dispositions de protection ne soient prises (grange). Les conditions d’exploi
optimale de ce fourrage méritent encore d'étre étudiées.

Le bilan du budget d’exploitation n'est pas forcément positif pour toutes les z
agro-écologiques lorsque la protection des soles est assurée avec des matériaux c
(tableau 4). La DRSPR cherche actuellement d'autres alternatives (pois d’angole en
alternées avec quelques lignes de céréales) pour les zones semi-arides. La reche
dispositifs de protection plus performants (espéces épineuses), économique
supportables pour les paysans est également en cours en collaboration avec la rec
forestiére. La recherche sur les systemes exploitera les solutions paysannes au pr
de la protection, a savoir linstallation de soles au sein des cultures.



Tableau 4. Bilan d’exploitation (en FCFA) des soles fourrageres dans les trois zones agro-écolog
du Sud-Mali pour trois ans de culture &ylosanthessuivis d'une année de culture de

sorgho
TYPE DE GESTION
Coupé’ Paturec
Zone san
cléture Barbelé Grillage Barbelé Grillage

Semi-aride + 56 200 -4 520 —-132 200 + 680 —-127 000
Humide + 128 200 + 67 480 —60 280 + 45 680 —82 000
Trés humide + 200 200 + 139 480 + 11800 + 90 680 —37 000

a Cas hypothétique, puisque dans les conditions actuelles, la production des soles diminuera for
lorsqu’elles ne sont pas cléturées.

b En coupe on considére 20% de pertes.

¢ En pature, le désherbage est remplacé par une pature intensive pendant une journée. On suppos
animaux n'exploitent que la moitié du fourrage total produit, ce qui mérite d'étre vérifié notamment de
mesure olbtylosantheproduit des repousses.

Conclusion

Bien quils comprennent les avantages des soles fourrageres avant la mise en ¢
les paysans privilégient surtout l'aspect production de fourrage, dont limportance
confirmée par le budget d'exploitation.

Les programmes de vulgarisation doivent viser en priorité a tirer le meilleur g
possible deStylosanthea travers les productions animales rémunératrices a court te
sans pour autant négliger les autres avantages (restauration ddit@ frtsol et lutte
contre I'érosion). Des travaux de recherche doivent étre effectués sur la pature et
fauche pour déterminer lequel des deux est le mode d'exploitation le plus efficac
fourrage.

L'insertion des soles fourragéres dans le calendrier agricole des paysans n'e
encore bien maitrisée. Elle est surtout difficile pour les exploitations agricoles posst
peu de main-d'oeuvre. Les autres contraintes a l'adoption de ces soles (l'utilisation
intensive par les animaux et lautoproduction de semences) sont liées a une prot
efficace, impossible pour linstant & assurer avec les haies vives. Les grandes exploit
agricoles pourraient supporter la cléture en matériau durable, maisdansla zone sem
son installation n'est pas rentable. Les obstacles identifiés pourraient étre aplanis Ic
les paysans comprendront mieux limportance des soles fourrageres/jacheres amélio
arriveront a lutter efficacement contre la divagation en saison séche et aréglementer
auxdites parcelles.
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Research approach and methodologies of the
project “Production Soudano-Sahélienne”
Towards the optimal utilisation of plant
nutrients by livestock

D. Koné and Y. Coulibaly

(CABO/IER, MALI)

Abstract

Current agricultural production systems in the Sudano-Sahelian region imj
over-exploitation and consequently lead to degradation of natural resources and
shortages. Despite many efforts towards rural development, degradation of ne
resources still occurs on a large scale and production does not cover needs
population. The limited impact of rural development is mainly due to the lack
guantitative knowledge on the processes governing the stability of the soil-plant-a
production system. The main objective of the present project is to contribute tc
development of sustainable production systems in the Sudano-Sahelian zol
sub-Saharan countries.

Results obtained between 1976 and 1980 by the PPS Project (Production Prime
Sahel) and studies undertaken by the Center for Agrobiological Research in
Netherlands have shown that the major constraint on agriculture in the Sudano-Sa
region is the lack of such nutrients as nitrogen and phosphorus. Thus livestock prodi
is constrained not only by shortage of fodder but also by the poor quality of the fo
available. To improve this situation two solutions are possible:

1. To increase productivity of crop residues.

2. To increase forage production on farm lands.

Intensification of production should be done through innovations oriented tow
efficient use of nitrogen and phosphorus to ensure thditstalbthe agro-ecosystem.

Before application of nitrogen and phosphorusifieers can be recommended, the
processes underlying N and P availability and exploitation within soil-plant—animal sys
must be fully understood.

The present approach aims at providing a thorough understanding of plant prodt
as a function of nutrient availability, soil organic matter and chemical and organic ferti
use. Another objective is to evaluate the nutritive value of different forages by stuc
the effects of supplementary feeding on the performance of ruminants. Finally, sy
simulation is being used to determine the economidlitiand sustainability of different
agropastoral production systems.



Stratégies et méthodologies de recherche du projet

Production soudano-sahélienne: vers une utilisation

optimale des éléments nutritifs des plantes par les
animaux d’élevage

Résumé

Les systémes actuels de production agricole de la région soudano-sahélienne re
inévitable la surexploitation des ressources et conduisent a la dégradation des ress
naturelles et aux pénuries alimentaires. En dépit des nombreux efforts de développemer
les ressources naturelles sont encore régulierement dégradées tandis que la product
insuffisante pour couvrirles besoins de la population. L'impact des actions de développe
rural demeure limité en raison essentiellement d'une connaissance quantitative insuffi
des mécanismes régissant la stabilité du systéme de production sol-plante-animal. L e pr
objectif de ce projet est de promouvoir des systémes de production durables dans les |
la zone soudano-sahélienne de I'Afrique subsaharienne.

Il ressort des résultats obtenus entre 1976 et 1980 par le projet Production primai
Sahel (PPS) etle Centre de recherche agrobiologique aux Pays-Bas que la carence en él
comme l'azote et le phosphore constitue le principal probléme de l'agriculture dans la re
soudano-sahélienne.

Par ailleurs, les pénuries daliments du bétail et la qualité médiocre des alim
disponibles constituent les principaux obstacles au développement de I'élevage dan
région. Deux solutions sont possibles , a savoir:

1. Augmenter la productivité des résidus de récoltes, et
2. Accroitre la production fourragere des terres agricoles.

La production devrait étre intensifiée grace a des innovations visant a promouvoit
utilisation plus efficace de lazote et du phosphore en vue d'améliorer la stabilité
I'écosystéme agricole.

L 'application d’engrais azotés et phosphoreux ne peut étre recommandée sans une
connaissance des mécanismes déterminant la quantité et le mode d'utilisation de l'a:
du phosphore assimilable disponible dans les systemes sol-plante—animal.

La présente stratégie vise a permettre une connaissance approfondie du proces
production végétale en tant que fonction de la quantité d’éléments nutritifs disponible:
caractéristiques de la matiére organique du sol et de lutilisation des engrais organique:
autre objectif consiste a déterminer la valeur nutritive des différents fourrages grace a I'é
des effets de la complémentation alimentaire sur les performances des ruminants. Er
simulation a été utilisée pour évaluer la rentabilité économique et la durabilité de différ
systemes de production agropastorale.



Section 6

Seed production of  Stylosanthes



The production of seeds of  Stylosanthes
cultivars in Nigeria

E.C. Agishi

National Animal Production Research Institute (NAPRI)
P.O. Box 1096, Shika, Zaria, Nigeria

Abstract

ThreeStylosanthespeciesS. guianensisvs Cook and Schofiel&,. hamatav Verano and
S. humilisare most adapted to a wide range of climatic conditions and soil types. Alth
a great deal of work was carried out on the agronomic characteristics, nutritive value
conservation of the species, investigations into their seed-yield potential commence
as late as 1976. The guinea savannah or subhumid zone provides the best climatic
conditions for large-scale seed productiorsiglosanthesCurrently, seed production of
Verano stylo is the only one being encouraged in Nigeria because of the susceptibi
Cook, Schofield and Townsville stylos to the disease, anthracnose. Belt9&@and 1990,
over 200 bnnes of Verano stylo seed were produced.

The agronomy of stylo seed production is described in this paper. Four harve
methods have been identified which do not involve the use of combine harvester
pneumatic harvesters. Seed cleaning is done manually, which is slow and expensi\
guality control is non-existent so the seeds being marketed usually have many impul

The advantages of and constraints to stylo seed production are listed. To improve
seed production in Nigeria, there is need, not only to remove the constraints, but a
carry out more research on seed production of the adapted new lis¢gasanthes
Private-sector participation is also necessary if large-scale and efficient production is
achieved.

Production de semences de cultivars de
Stylosanthes au Nigéria

Résumé

Trois espéces d&tylosanthesa savoirS. guianensiécv. Cook et Schofieldy, hamata
cv. Verano e§. humilissont connues pour étaxlaptées a un large éventail de climats et
sols. Alors que les caractéristiques agronomiques, la valeur nutritive et la conservation c
espéces ont fait 'objet de nombreux travaux, leurs capacités de production semenciere
commenceé a étre étudiées qu’'en 1976. Les climats et les sols de la savane guinéenne
zone subhumide sont les plus adaptés a la production a grande échelle de semer
StylosanthesA I'heure actuelle, seule la production de semences du Verano est encou
au Nigéria dans la mesure ou les cultivars Cook, Schofield et Townsville sont trop sen
a l'anthracnose. Ainsi, entre 1980 et 1990, plus de 200 tonnes de semences de Veranc
produites dans le pays.

Cet article expose les aspects agronomiques de la production de sem étglessdathes
ainsi que quatre méthodes de récolte ne nécessitant ni moissonneuse-batteL
moissonneuse pneumatique. Au Nigéria, les semences sont nettoyées manuellemen



est un exercice lent et coliteux. Par ailleurs, le contrdle de la qualité est inexistant, ce q
que le produit commercialisé contient généralement beaucoup d'impuretés.

Cet article passe également en revue les avantages et les problémes de la produc
semences dstylosanthesPour développer ce secteur d'activité, il importe, non seulem
d’'aplanirles obstacles identifiés, mais également de promouvoirla recherche surla produ
de semences des nouvelles lignées mieux adaptées déja identifiées. Enfin, sel
participation active du secteur privé au processus permettra de produire efficaceme
grandes quantités de semences.

Introduction

The recommendation for the introduction of forage legumesinto Nigeria for sown-pa:
research was first made in 1944. During the 1950s many indigeand exotic grasses an
legumes were evaluated for their adaptability an@agmic characteristics (Foster an
Mundy, 1961; Blair Rains, 1963), nutritive value and their silitglfor conservation as
hay or silage (Miller et all963), green manure, soil cover and forage (Nwosu, 1960).

Stylosanthes guianensigs the most outstanding out of the numerous forage legu
that were evaluated. It was easy to establish either from cuttings or seed, and was s
for green manuring (to improve soil fertility), soil cover against erosion and for forage
ability to remain green for a large part of the dry season means that cattle could b
from increased intake of protein-rich feed. This made it a prime candidate for pa:
improvement in the subhumid and semi-arid areas of the country. A great deal ¢
research on forage legumes in Nigeria has therefore concentrated more on the culti
the genusstylosanthesThree specieS. guianensisvs Cook and Schofiel&. hamatav
Verano ands. humilishave received most research attention in Nigeria. Although sc
seedswere being harvested from these species, investigationsinto their seed-yield pc
started only in 1976. This is some 20 and 10 years after similar investigations
undertaken, respectively, o@hloris gayana(Foster, 1956) and\ndropogon gayana
(Haggar, 1966). However, Between 1977 and 1991, over&@fets of stylo seeds were
produced in Nigeria. This paper reports on the agronomyof seed produ&iytosanthes
cultivars in Nigeria. Some of the problems affecting stylo seed production in the col
are also mentioned.

History

There are only two indigenow&tylosanthespecies in Nigeria, name$. erectaand S.
fruticosa. S. erects a slightly woody, herbaceous, and almost glabrous perennial leg
prevalent in sandy wastes along beaches near th8 daaticosas an erect, woody, bushy
and densely pubescent herbaceous perennial found on poor and eroded soils
savannah zone. Both these species have limited use either as cover for crops or fora
exoticStylosanthespecies that have been used widelyin Nigerigagaianensisvs Cook
and SchofieldS. hamatav Verano and. humilis

Stylosanthes guianensis cv Schofield (stylo)

Stylo was first introduced into Nigeria on 19 December 1947 from Queensland, Aust
by the Department of Agriculture (Agishi, 1977). Subsequent introductions into S|
Agricultural Research Station were made from Queensland and Kenya betwee
mid-1950s and 1975. Stylo wasiuind to be well adapted to a wide range of soil typesin
humid and subhumid zones of the country.

Between 1950 and 1970 almost all the stylo pastures warglfon government farms
and research stations. Limited quantities of seed were collected from these crops eac



The two main sources of stylo seed in the countrywere Shika Agricultural Research S
and the Ministry of Agriculture and Natural Resources (MANR), Plateau State. ¢
production during the period 1965-75 was estimated at 1.5t and 2.5t by Shika and M
Plateau State, respectively, while the 1976-87 total production was about 3 t. St
susceptible to anthracnose, and so its production is not presently encouraged.

Stylosanthes guianensis cv Cook (Cook stylo)

Cook stylo was released in Australia in 1971 and was first introduced into Nigeria in 1
Cook stylo has the same range of soil adaptation and climatic requirements as Sct
stylo, but it is less leafy and is earlier flowering. Between 1977 and 1987, about 15t of
stylo seed were produced in and around Shika near Zaria. During this period Cook
seed production from other sources (private and government farms) was estimated

As from 1984 when anthracnose was first observed on Cook stylo pasture at ¢
less emphasis was laid on its seed production even though the demand for seed w
until 1988. It is no longer on the list of recommended forage legumes in Nigeria.

Stylosanthes humilis  (Townsville stylo)

Townsville stylo was first introduced into Nigeria1953 by the botanist at the Institute
for Agricultural Research (IAR), Samaru, Zaria. Later introductions were mad
1967-69 and in 1975 (cvs Gordon, Lanson and Paterson).

Townsville stylo was rejected in earlier evaluations because of its relatively low
matter yields compared with stylo. It was also found to be highly susceptible to anthrac
In the 1970s Towndile stylo was revived in Nigeria because of the possibility of using
for large-scale range seeding as was being practised in Australia (de Leeuw, 1974); be
1970 and 1975 about 1.5 t of Towillsvstylo seed was produced in Shika alone. Veral
stylo was introduced in 1975 and proved superior to Toastylo in many respects. This
was one of the factors that led to a reduced tempo of research on Townsville stylo.

Stylosanthes hamata cv Verano (Caribbean stylo, Verano)

Verano stylo was released in Australia in 1973, and was imported into Nigeria in 19
the Pasture Unit of the Federal Livestock Department, Kaduna. Over 95% of the Ve
stylo grown in Nigeria came originally from 1 kg of seed introduced from Queensl:
Australia, in 1975.

The annual Verano seed production betw&®n7 and 1980 from a farm near Shik
was 15 t. Between 1980 and 1990, an estimated 200 t of Verano stylo seed was prod
Nigeria.

Selecting sites for seed production

Climate

The three main ecological zones in Nigeria are the humid (Forest), subhumid (sou
and northern Guinea Savannah) and semi-arid (Sudan Savannah and Sahel). The
zone has a rainfall range of 1500-4000 mm/year which falls between February and
December. The subhumid zone covers a large proportion of the countryand hasar
range of 1000 to 1500 mm/year that occurs from April to October. Mhaa rainfall in
the semi-arid zone is below 1000 mm, and falls within 3-5 months of the year (Mze
September).

In all the three zones, temperature and sunlight hours favour seed producti
perennial and annual stylos. Although high temperatures inhibit Schofield flo



development and preclude large spike populations (Okifbt2), the flowering time for

Schofield in Nigeria which isin Januarycoincides with the harmattan when air tempera
are most favourable. In the humid zone, the time of seed ripening in perennial

coincides with the onset of the rains, and this makes seed harvesting different. Veran
continues growth during reproductive development provided there is sufficient mois
This means that seed that ripen during the rains may get mouldy or germinate while
that mature during the short dry spell cannot be fully harvested before the onset ¢
rains.

In the semi-arid zone, except in the low-lying arefasldmg the wet season is too
short for good seed production in perennial stylos. For example, at Shika (subhumid
Cook, Endeavour and Schofield only flower at about five months after seeding (Abdt
et al, 1982); in the humid zone 183 days are required for Schofield stylo to achieve
flowering from sowing (Okigbo, 1972). The semi-arid zone is favourable to Verano ¢
production. The best combination of climatic factors for producing seeds from pere!
and annual stylos occursin the subhumid zone. Here the temperature, sunshine and
(growing period) are most favourable for good plant growth and flowering. The long
season with the accompanying low relative humidity favour seed harvesting.

Soils

Schofield, Cook and Verano stylos grow satisfactorily on a wide range of soils. For

production however, soils that allow for easy recovery of fallen seeds are preferred. |
respect, poorly drained soils, cracking clays, very sandy soils and stony or rocky soils
be avoided. In Nigeria, good recovery of fallen stylo seeds has been achieved on clay
and sandy loam soils.

Establishment

Perennial and annual stylos can be established by broadcasting seed on fallow lanc
natural pasture usually after partial defoliation with herbicides or burning (de Leeuw, 1
and byfeeding seed to cattle (Foster, 1961). However, pastures established using the
techniques are subject to severe competition from the existing vegetation (Haggar
1971). The most successful stylo establishment has been on well-prepared seedb
which phosphatic feilisers have been applied (de LeeuW®w,/4; Agishi, 1982a; 1982b).
With seed crops the main objective is to produce a clean dense crop of the sown spe
the year of establishment. Mechanical scarification or hot-water treatment of se8@ at
for 10 minutesremoves hardseededness, resulting in early and uniform establishmen
is applicable only where the rains are well-established since any dry spells
establishment may result in the death of most seedling.

Schofield and Cook stylo seeds may not germinate if sown deeper than 2.5 cr
Verano a depth of 1 cm is optimal (Agishi, 1979). Seed rates of 15 kg/ha are recomme
for Cook and Schofield stylos but for Verano and Townsville 80640 kg of clean seed
(pods) are necessary for early ground cover.

Fertiliser application

Single superphosphate (ssp) is the commoneslidertused on legumes in Nigeria. It i
applied at seeding for the first-year crop, at the onset of the rains for the secon
subsequent years crops and soon after closing the field to grazing by cattle. On the sa
the recommended rate for legume establishmenr® Bg P/ha (Agishi and Asare, 1980)
For stylo seed crops higher rates may be required. For example, mean seed yield f
year Verano crop fertilised at 31 kg P/ha w84 kg/ha with a range of 1192 to 1775 kg/h
In a detailed study at Shika single superphosphate applied to two-year old Veranc



crop at 0, 13, 26, 39 and 52 kg P/ha gave corresponding seed yidRix&f552.8, 961.3
1266.0 and 1280.5 kg/ha (Agishi, 1982a). This shows that for Verano stylo seed produ
approximately 40 kg P/ha is required for optimum seed yield.

At Shika, maximum seed yields of Cook and Endeavour stylos were achieved at :
17 kg P/ha (Abdullahi et al, 1982). At Kurmin Biri, some 120 km south-east of Kadune
application of 0, 13, 26, 39 and 52 kg P/ha on a first year seed crop of Schofield stylc
maximum standing seed yields of 298, 393, 434 and 307 kg/ha, respectively.
corresponding maximum standing seed yields for the residual level20&r&21, 283, 346
and 427 kg/ha (Ezeaku, 1982). When thesparses from the southern Guinea Savann
zone are compared with those from the northern Guinea Savannah zone (Shil
becomes clear that the level of P required for optimum seed production in the Nig
savannah is 13-26 kg P/ha for perennial stylo and 40 kg P/ha for Verano stylo. Whe
effect of residual P is taken into consideration, then a lower level of 13 kg P/ha m:
recommended.

Management of stylo seed crops

Defoliation

Defoliation can be carried out either by cutting or by grazing animals. For seed c
defoliation is important in bringing about the greatest density of inflorescences a
synchronisation of their development and maturation. Timing of defoliation is impor
in this respect. In Schofield stylo, early defoliation was found to be useful in synchron
inflorescence development (Loch et al, 1976). In Tovllesstylo and Verano the effects
of defoliation have been variable though sometimes beneficial (Humpht@ys;
Wilaipon et al,1979). Verano stylo has an indeterminate pattern of growth and as
when defoliated early enough to allow for more growth, seed production may nc
affected. In the determina& humiliscv Townsville where time of flowering and seed s
are closely linked, to the normal end of growing season, late defoliation can signific
reduce seed yields.

At Kurmin Biri, Ezeaku (1982) als@tind that defoliation could be beneficial to see
production in Schofield stylo provided it was done before the first floral initiation st
(Table 1).

Table 1.  The effect of defoliation and harvest date on seed yields of Schofield stylo (kg/ha).

Harvest Defoliation treatment
date DO D1 D2 D3 D4 Means
31/1/80 348 472 346 239 87 305b
14/2/80 335 396 442 410 250 367 a
01/3/80 248 321 356 319 202 289 c
15/3/80 181 260 265 231 194 226 d
29/3/80 173 183 186 182 180 181 e

DO = Uncut (control). D3 = Cut on 25th September 1979.

D1 = Cut on 25th July 1979. D4 = Cut on 25th October 1979.

D2 = Cut on 25th August 1979. Cleaning cut was in April 1979.

Maximum seed vield was achieved in the late July cut. Defoliation after July delz
seed maturation time by about two weeks and delaying cutting to late October resul
a 31% seed-yield reduction from the control.

At Shika, it was found that when cattle stopped grazing Verano seed crops b
middle of July it was possible to harvest between 1000 and 1100 kg/ha of seed. Whe
crops were grazed up to earlyto mid-August, i.e. sixto seven weeks to the end of the



only 500 to 600 kg/ha of seed could be harvested (Agishi, 1982b). The marked redt
in seed yields in the August grazed seed crops is to be expected since by August, the
many flowers on the old seed crops.

Weed control

Weeds are a problem in stylo seed crops as they compete with the legumes for nut
water and light thus interfering with their early establishment. Regrowths from stul
lignotubers and root stocks should be regularly slashed. For, small plots of seed croj
grass and other herbaceous weeds may be hand-weeded. For large seed
hand-weeding is too expensive to contemplate.

Stylos are said to be tolerant to a wide range of herbicides, which allows for stra
selective weed control to be practised (Hawton and Johri®80Q). In Australia, a
pre-emergent herbicide such astrifluralin isused at establishmentto controlannual g
This is followed by 2, 4-D during the vegetative growth stage to control dicotyledor
weeds (Hopkinson and Walker, 1984). In Nigeria, herbicides are not generally us
control weeds in stylo seed crops. However, a recent study at ILCA, Kaduna (Kache
and Tarawali, pp. 287—-297), on the effect of types and rates of herbicides applicati
forage legume seed yields has shown the positive role of herbicides in pasture legum
production.

An alternative to hand-weeding and herbicide use isto graze the seed crops with
as from four to five weeks after the onset of the rains up to 9—10 weeks before the exy
termination of the rains. During the early part of the wet season, grassis preferred to
and with heavy grazing the photosynthetic tissues and nutrient reserves are conti
removed while stylo growth proceeds with minimum checks (Gardener, 1980). In ger
weed infestation can be greatly reduced by using high seeding rates, preparation of
seedbeds, choosing an appropriate time to sow, applying an adequate amouilisef fe
at sowing and selecting the right time to cut or graze the crop.

Disease control

The most common disease Stylosanthespecies is anthracnose. This is a fungal dise:
caused byColletotrichum gloeosporoide¥.erano stylo is tolerant to anthracnose attac
Since transmission ofthe disease isbyseed, seed treatment with a fungicide such asb
has been used to check the threat of anthracnose in stylo seeds (Hopkinson and V
1984). Although Cook and Schofield stylos are affected by anthracnose, these cultival
still be seen growing luxuriantly in some anthracnose-free areas. Townsville stylo is
susceptible to anthracnose, but presently in Nigeria it can be seen growing luxuriar
many areas, particularly in grazing reserves, cattle tracks, fallow lands and playgro
Seed production from these susceptible species could be restricted to areas

anthracnose has not yet been observed.

Seed harvesting methods

Stylo seed can be harvested by direct heading using combine harvesters or pne
pick-up of fallen seeds using suction harvesters. These machines are not in use in N
for stylo seed production and as a result other harvesting methods have been tried.

Hand picking

This method though best suited to legumes that produce large podkseeogena
Gliricidia, Centro, Siratrg lablab and phasey bean, is also used in perennial stylo-¢
harvesting. Ripe seed heads of stylo are hand-picked from the field and dried on cot



floorsor anyhard, smooth surface. When dry, the heads are threshed with sticksand c
by repeated winnowing. This gives clean seeds but the method is slow and expensiv
example, at Shika it has been found that one woman could harvest only 20 kg of seed
per day (Agishi, 1982b). Harvested seed heads of Schofield and Cook stylowadetd
contain only 1.1 and 2.6% seed, respectively, corresponding to 0.22 kg and 0.52 kg c
per days harvest. In a detailed study carried out at Shika, it was found that
hand-picking Cook stylo seed heads to seed recovery or seed cleaning required 2!
360 man-days per hectare for the first- and second-year seed crops, respectively (.
1982h).

Cut, dry and thresh method

The seed crop is harvested by hand-held sickles, spread on a hard floor and threshe
some days of drying. This method is normally used in grass seed harvesting, but he
been used at Shika to harvest Verano stylo seed. This method is also slow and exp
For example, it took 10 man-days to harvest one hectare of first year crop of Verano
and about 12 man-days for the second and subsequent years’ crops. It took 120 a
man-days to sweep and clean Verano seed from first and second year seed
respectively (Agishi, 1982b).

An alternative method isto harvest the seed crop using a forage harvester and ¢
the harvested crop into an accompanying trailer. The crop is emptied on to a hard, s|
and flat surface each time the trailer is full. Since harvesting hasto be done when not
seed hasdropped, some unripe seeds are also harvested along with the ripe ones. A
this is a faster method of harvesting Verano seed, the recovery of seed is difficul
inefficient because of the large amount of herbage involved. It also requires at leas
tractors to operate effectively.

Cut, sweep or suck

The crop isfirst brushcut, raked and baled. The operation requires about one tracto
day for Verano and 1.5 work days for Cook stylo. The brush-cutter, through its vic
shaking of the standing crop, removes most of the ripe seeds from the plant. The
seeds are swept by women and winnowed repeatedly to obtain &be2{1% clean seed.

Recovering fallen seed is time-consuming. For example, sweeping and cleani
seeds from one hectare require 100 and 120 man-days for the first and second year
crops, respectively, with a corresponditg0 and 200 man-days for Cook stylo (Agish
1982b). Townsille stylo and Verano stylo sweepings contain al#0+#26% and 20% seed.
respectively. While it is possible for a woman to obtain 60-80 kg of sweepings frc
Townsville stylo farm in a day, only about 30 to 50 kg can be swept from a Verano fie

Harvester ants method

This method is only applicable to perennial stylos. The mature seed crop is brushcut,
and baled. About a week after baling, heaps of seeds can be collected from harves
(Messor barbatusnests at intervals of three to seven days depending on the size of the
and the labour available. This method has been successfully used on Cook stylc
production where seed harvests of 1000 to 1243 kg/ha have been achieved with 6¢
per cent seed retrieval (Agishi, 1980). Over 10 000 nests/ha with diameter ranges of
cm were observed.



Seed yields

Seed yields from the four main cultivars®tilosanthegrown in Nigeria are presented ir
Table 2. The yields vary widely within cultivars, and this is expected because of the
differences in soil types and climatic conditions under which they are grown and varia
in management practices. The potential or maximum seed yields have not been deter
for most cultivars, however, it is most probable that inefficient seed harvesting contrik

to the low seed yields obtained for Verano and Cook stylo.

Table 2. Seed yields d¥tylosanthesultivars in Nigeria.

Seed yield

Cultivars (kg/ha) Comments

Cook stylo 272 First year crop (Abdullahi et al, 1982). Poor
recovery of fallen seed.

Cook stylo 560 Second year crop (Agishi, 1977)

Cook stylo 1243 Harvester ants method (Agishi, 1980)

Cook stylo 500-600 Cut and sweep method (Agishi, 1982b)

Schofield stylo 406-507 First year crop (Ezeaku, 1982)

Schofield stylo 239-529 Residual P only (Ezeaku, 1982)

Schofield stylo 339 First year crop at Shika. Poor recovery of falle
seed (Abdullahi et al, 1982)

Schofield stylo 200-300 Federal Livestock Department (FLD) at
Kurmin Biri (Ajileye, pers. comm.)

Townsville stylo 1143-1177 Second year crop (Agishi, 1977)

Verano stylo 1192-1775 First year crop (Agishi, 1982a)

Verano stylo 800-1100 13 year old crop at Shika, Zaria (Agishi,
unpublished)

Verano stylo 500 Unweeded crop (Kachelriess and Tarawali,
pp. 287-297)

Verano stylo 100 Unweeded crop (Kachelriess and Tarawali,
pp. 287-297)

Verano stylo 400-600 National Livestock Projects Division (NLPD)

(Ajileye, pers. comm.)

Seed quality

The three main elements of seed quality are physical purity of the seed sample
physiological quality of the seed component and its genetic quality, i.e. whether it is
to type (Hopkinson and Walker, 1984). In terms of physiological quality, this is nc
problem in the four cultivars of stylo being used in Nigeria because the seeds are no
harvested when mature. Stylo seeds are also commonly green as sole crops, and
problem of crossing or outcrossing which affects trueness to type of the seed i
important.

The physical quality of the sample is the main factor controlling seed quality. W
seeds are usually common in stylo seeds particularly in those seeds that come
sweepings. In Nigeria, seedsSitlaspecies are usually common among seeds of Vera
Cook and Schofield stylos obtained from old seed crops. These seeds are very diffic
separate fromtrue seeds, andin the process oftryingto do so losses ofthe true seeds



occur. At present there is neither a body or centre in Nigeria that controls pasture
quality in terms of purity and germination, nor is there any cultivar certification.

Marketing

There are very few people involved in pasture- or stylo-seed production in Nigeria.
years, the Federal Livestock Department (FLD) produced Schofield stylo seeds that
distributed free of charge to interested farmers. FLD also supplemented its producti
buying the seeds from individuals. The National Animal Production Research Inst
(NAPRI) also produced a range of forage seeds for distribution to farmers.

The first time forage seedswere marketed in Nigeria was in 1977 when aboonh#8 t
of Verano stylo seed were produced and sold to State and Federal government min
organisations and some individuals. Before 1977 most of the pasture seeds used
country were imported; after the initial sales subsequent sales become easier. Ho
when middlemen entered the seed trade, the quality of seeds in the market drt
drastically; some Verano stylo seed samplesin the market had as low as 30% purity i
of the 80-90% purity achievable through repeatathaiving. Since seed was being sol
by weight sand or soil was being deliberately added to the seed samples from the fie

The popularisation of the fodder bank development concept, grazing res
improvement and interest from institutions and companies have been responsible
steady increase in demand for stylo seeds. One major problem in stylo-seed marke
Nigeria is that there is no reliable method of forecasting future demand or requirem
Any stylo-seed producer decides how much land should be devoted to stylo-
production. Despite this uncertainty, at least 90% of the seed produced in a yearis L
sold, either within or outside Nigeria.

Advantages of stylo-seed production in Nigeria

There are many advantages to producing stylo seeds in Nigeria. Some of these adve

are:

- both soils and climatic conditions are favourable for producing high seed yields ir
savannah zone of the country

- elimination of the importation of stylo seeds will conserve tbeantry's foreign
exchange and minimise the chances of introducing diseases and noxious weeds

- generation of an additional income for farmers

- since seed production is usually combined with hay production, it is a way of conse
dry-season feed for livestock

- stylo, being a legume, improves the fertility of the soil where it is grown, and
provides cover against soil erosion

- seed production in the country provides training for many technicians and job
unskilled women.

Constraints to stylo-seed production

Some ofthe factors militating against large-scale stylo-pasture development in Nigeria
been fullydocumented (Lazier, 1984; Agishiand de Leeuw, 1986). These factors also
seed production dtylosanthesultivars. Briefly, these problems can be listed as follov

1. Seed collection by harvester ants at establishment and ripe seed phases, leads
establishment and low seed recovery (if harvesting is delayed), respectively.

2. Termite attacks cause death of stands.
3. Attack by anthracnose may destroy the entire field of stylo.



4. Perennial stylos have low persistence of beyond three years.
5. Fire outbreaks may destroy the whole seed crop.
6. Weeds—both cultural and herbicide weed control are expensive.

7. To prevent frequent grazing of seed crops by stray animals a guard and/or fe
needed which gives an added cost.

8. Lack of seed-harvesting equipment.

9. Lack of seed-cleaning machines. Even when they are available, they are too exp
to purchase. Inadequate seed cleaning therefore means that poor-quality seed:
a vehicle for spreading weed seeds. Also poor-quality seeds cannot be mar
internationally.

10. No pasture certification and quality-control body in the country.
11. It isimpossible to forecast seed requirements on a national basis.

12. There is generally very poor extension work on pasture development, and so c
some ignorance on the importance of pasture seeds, the demand for seeds by liv
farmers is low.

13. Many livestock farmers do not have title to land, and since pasture developmer
long-term project, they are unwilling to invest in it particularly on a piece of land t
does not belong to them.

14. There is a very narro8tylosanthegermplasm base in Nigeria, and this is dangerous
case of future disease attack.

15. Few trained manpower in forage-seed technology.

The future of stylo seed production in Nigeria lies in providing answers to most of
above-listed constraints. More research on seed production isrequired on the new i
Stylosanthethat have shown promise in Nigeria. There isneed also for more private-si
involvement in forage seed production.
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Abstract

Small-scale seed production of fitylosanthespecies comprising 17 accessions w.
carried out in the subhumid zone of Nigeria during 1988-91 with varied success; onl
S. capitatatwo S. hamatagneS. humilisand oneS. scabraaccessions produced over 20
kg/ha of seed. Subsequently, field experiments were conducted during 1990
determine the effect of row spacing, manual weeding, herbicide application, harvest
and method on seed productionSiflosanthes hamata Verano. Seed yield and purit
did not differ between row spacings of 25 or 50 cm. Manual weeding improved seed
and quality and was efficient when done in the early growing season and two to four v
later. Herbicide application could be feasible; Trifluralin, Imazethaphyr and a comb
application of Bentazon/Cycloxidim controlled weeds depending on the botar
composition of the weed flora. Seed collection needs to be done earlywhen seed he:
collected by hand, while sweeping of fallen seeds can be done later. Cleaning of se
easier and cheaper when harvested directly from the standing crop. With appropriate
control and harvest methods, up to 500 kg/ha of pure Verano seed could be obtaine

Effet de 'espacement et de la lutte contre les
adventices sur la production de semences de
Stylosanthes dans la zone subhumide
du Nigéria

Résumé

Au cours de la période 1988-1991, de petites quantités de semences de 17 acqu
deStylosantheappartenant a cing espéces ont été produites avec des résultats variable:
la zone subhumide du Nigéria. Seules deux acquisitionS. demataet une seule de
S. capitatadeS. humiliset deS. scabrant franchila barre des 200 kgde semences a I'hecte
Des essais au champ ont ensuite été réalisés en 1990-1991 pour évaluerl'effet de 'espac
du désherbage manuel, de l'application d’herbicide, de la date et de la méthode de réco
la production de semences8ehamatayv. Verano. Aucune différence n’'a été observée er
les espacements de 25 et de 50 cm en ce qui concerne la production et la pureté des se
Le désherbage manuel améliorait la production et la qualité des semences et donn
meilleurs résultats au début de la saison de croissance et deux a quatre semaines plt
Le recours aux herbicides demeure cependant une option valable. Ainsi, 'applicatio



trifluralin, dimazethaphyr et de bentazon associé a du cycloxidim permettait d'élim
efficacement les mauvaises herbes en fonction de la composition floristique. La collec
graines doit se faire rapidement lorsque les épis sont récoltés manuellement; les g
tombées par terre peuvent étre balayées plus tard. L e nettoyage des semences est plus
moins cher lorsqu’elles sont récoltées directement sur la plante sur pied. Avec des mé
appropriées de récolte et de lutte contre les adventices, on peut obtenir jusqu’a 500
semences pures de Verano par hectare.

Introduction

In West Africa,Stylosanthes hamatav Verano is widely used for pasture, fodder ban
and for undersowing crops. In addition, otlsdylosantheaccessions are being tested t
ILCA in order to identify material that could replace or complement Verano stylo (ILC
1990; 1991; Tarawali et al, pp. 81-95).

Stylosantheseeds are needed firstly to allow further research and also in la
guantities for on-farm testing and ultimately for issue to farmers. Although seec
recognised cultivars (Verano, Cook, Seca etc) are commercially available from abroac
from Australia, Thailand), in Nigeria there is a shortage of seeds, except for Verano (A
pp. 275-285). Therefore seed multiplication techniques are required to produce
locally. This paper covers two aspects: firstly, the production of seed of new accessio
subsequent experiments and secondly, experiments involving Verano stylo
production. The effects of row spacing, manual weeding, herbicide application, ha
dates and methods on legume seed yield, purity and contamination with weed seed
investigated.

Materials and methods

Small-scale multiplication of selected accessions

Seventeen accessions, selected for multiplication (Table 4), were established in Jun
on a commercial farm called “Abuja Road”, 30 km from Kaduna (10° 10'N; 7° 25'E; 60
asl); general soil features are given in Table 1.

Before sowingthe land was subsoiled, ploughed, harrowed and 16 kg/ha of phosp
(as single superphosphate) was incorporated into the soil. Seeds were scarified by r
with sandpaper and then sown by hand in 100 m long rows (at a rate of 0.6 g/m of row
2 m between rows, equivalent to 3 kg/ha. Accessions of the same species were sef
by blocks of soyabeans (50 m) to reduce the risk of cross-contamination. During
four-year period, some plots were abandoned as the accessions were no longer re
whereas new accessions identified as promising were newly planted (Table 3). The
were weeded by hand, while ripe seeds were collected by shaking the plants over |
containers two or three times a week.

Seed production of S. hamata cv Verano

Trials were conducted in 1990 and 1991 at two sites, Kurmirt Bird Abuja Road.
Stylosanthes hamata Verano seeds were manually scarified and sown at arate of 10 k
In all trials except in the row-spacing experiment, planting was done in rows 50 cm a
In 1990 the effect of two-row spacings (25 and 50 cm) on seed vyield and purity was t
in a separate experiment.

1. For a site description of Kurmin Biri see Tarawali et al (pp. 81-95) and Tening et al (pp. 113-122).



Table 1. General soil features of the seed multiplication site at “Abuja Road".

Parameter Value Parameter Value
Micronutrients (ppm)
pH (H20) 5.1 Zn 1.5
pH (CaCbd) 4.8 B 0.85
Organic C (%) 0.64
0.05 Particle size

Total N (%) distribution (%)
Available P 17 Sand 76
(ppm) Silt 14
Exchangeable cations Clay 10
(meq/100g soil)

Ca 1.91 Texture: gravelly-sandy-loam

Mg 0.42

K 0.19
Na 0.05
Al 0.10

Source: Esu (1989).

At Kurmin Biri the testing of manual weed control was continued in 1991 ¢
re-established in 1991 in plots that regenerated from the previous year. At Abuja |
new experiments were established each year (for treatments see Table 2).

Table 2. Manual weed control treatments at Kurmin Biri and Abuja Road.

Treatment Kurmin Biri Abuja Road
1 Not weeded Not weeded
2 ‘Weed-free’ ‘Weed-free’
3 3 and 6 WAS 4 and 6 WAS
4 6 and 9 WAS 4,6 and 8 WAS
5 9 and 12 WAS 4 and 8 WAS
6 12 WAS 4,8 and 12 WAS

Weed free = weekly weeding;
WAS: Time of weeding in weeks after sowing.

Weeds were removed from the plots by hand-pulling. Herbicides were applied w
manual knapsack sprayer at about 300 litres of water per hectare according t
treatments given in Figure 3. Each plot was sampled for seed yield at the beginning
dryseason and again two weeks later by cutting plants frofral to 10 cm above grounc
level; fallen seeds were swept from the soil surface of eacf Harvested plants were
sun-dried on separate plastic sheets, then threshed and cleaned by hand-winn
Subsamples of 2.5 g were taken for purity testing to calculate pure seed yield.

Results

Small-scale multiplication of selected accessions

Seed yields of the 17 accessions are shown in Table 3. In 1988, seed production in t
year was poor except f&. humilisILCA 7363 andS. scabrdLCA 441 which produced

142 kg/ha and 136 kg/ha, respectively. Seed yield of most accessions increased in
except forS. humilisvhich disappeared and was not resown; however, it later regener
from seed and seed production in the spontaneous crap9@91 and 1991/92 was



Table 3. Seed yield]sof selectedstylosanthegccessions at Abuja Road during 1988-92.
Seed yield (kg/ha)

Accessions 88/89 89/90 90/91 91/92
Stylosanthes capitata

CIAT 10280 (Capica) np 179 p& -
ILCA 9052 74 303 na -
Stylosanthes guianensis -
CIAT 11374 np 63 pa -
CIAT 136 (ILCA 163) 53 133 132 pa
CIAT 184 (ILCA 164) 57 125 na 106
ILCA 4 (Cook) 50 85 pa -
ILCA 15557 np np np 145
Stylosanthes hamata -
CIAT 118 np 71 pa -
CIAT 147 np 28 pa -
CIAT 2770 np 172 pa -
ILCA 75 (Verano) 66 197 pa -
ILCA 15868 np np np 563
ILCA 15876 np np np 256
Stylosanthes humilis -
ILCA 7363 142 0 430 313
Stylosanthes scabra

ILCA 140 (Fitzrog) 41 47 35 26
ILCA 441 (Seca) 136 108 na 531
KNARDA® 21 54 54 pa

1. Yields in tables and figures are pure (net) seed yields.
2.np = not planted; pa = plot abandoned; na = not available.
3. Accession received from Kano Agricultural and Rural Development Authority.

excellent. The twe. hamataccessions planted in 1991 gave good seed yields in the
year, as di@®. scabrdLCA 441, in contrast t&. scabrdLCA 140 which performegoorly
throughout the four-year period.

Seed production of S. hamata cv Verano

Both row spacings gave similar yields and purity (Figure 1). With a semi-erect cultive
Stylosanthes hamategw spacings greater than 50 cm were not suitable, because the
would not close during vegetation growth thereby promoting weed infestation.

Manual weeding

In 1990 at Kurmin Biri, there were no significant differences in seed yield between th
weed control treatments (Figure 2a) although weeding generally enhanced seed yi
compared to the unweeded control. Earlyweeding (three and sixweeks after sowing,
slightly lower seed yields. Seed yields on the second-year crop (in 1991) again were ¢
to those of first-season crops except than regrowth from the unweeded plots was lo
hardlyanyseed was produced. The same experiment sown in 1991 gave slightly highei
than in 1991, but with smaller differences between the treatments (Figure 2a).

At Abuja Road in 1990, high weed infestation reduced seed yield to only 4 kg/r
the unweeded control. Weeding at 4 and 8, or 4, 8 and 12 WAS increased seed Vi
about 75% of the weed-free treatment. Similar results were obtained in 1991 whe
weeding again resulted in significant yield reductions; all weeding treatments gave
similar to those of the weed-free treatment (Figure 2hb).



Figure 1. Effect of row spacing and time of harvest on seed-yield paramet8tglasanthes hamata
cv Verano.
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In all the weeding experiments, the purity of legume seeds generally improved, |
was higher in 1990 than in 1991 (Figure 2a). However, while in first-season crop puri
weeded crops ranged from 89-92% this levelpgred t069-84% in the second-seasol
crop. Puritylevels at Abuja Road were lower, varying from 65 to 81%; contamination
weed seed was low in all weeded crops in contrast to the unweeded crop with lev
11-60% at Kurmin Biri and up to 34% in Abuja Road.

Herbicide application

At Kurmin Biri in 1990, applications of Trifluralin and Imazethapyr enhanced seed vi
as compared to the unweeded treatment and reduced the contamination with weec
in some of the treatments in 1990 and in all the treatments in 1991. In 1991 yields
treated plots were not significantly different (P< 0.05) from the unweeded control. (
the combined application of Bentazon (effective against broad-leaved weeds)
Cycloxidim (grass herbicide) improved seed yield and purity. Contamination with w
seeds was low in all treatments (Figure 3a). Imazethapyr applications at Abuja |
doubled seedyields compared with the control but yields were stilllessthan in the wee
treatment (Figure 3b).

Harvest date and harvest method

The highest seed yield was obtained by hand-harvesting early, before ripe seeds fell
ground. Harvesting of fallen seeds by sweeping the soil surface gave the highest
especially when done late (Figure 4). In Verano the hooked seeds dropped first, re:
in more unhooked seeds in later harvests. However, manual weeding did not affe
proportions of these two types of seeds (Figure 5).



Figure 2a. The effect of weeding intensity on seed yield components of first and second year Vv
stylo crops at Kurmin Biri.
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Figure 2b. The effect of weeding intensity on seed yield components of first and second year \
stylo crops at Abuja Road .
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Figure 3a. Effect of chemical weed control with different herbicides (gactive ingredient/ha) on net
yield (kg/ha) ofStylosanthes hamatav Verano at Kurmini Biri in 1990 and 1991.
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Figure 3b. Effect of chemical weed control with different herbicides (gactive ingredient/ha) on net
yield (kg/ha) ofStylosanthes hamatav Verano at Abuja Road in 1990 and 1991.
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Figure 4.  Effect of harvest date and method on standing seed yield and seed recovered from
material ofStylosanthes hamata Verano.
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Discussion and conclusions

Seed yields of th&. hamatandS. humilisaccessions anfl. scabrdLCA 140 were below
those reported in Australia, whilst yields of the other accessions were similar (Humpl
and Riveros, 1986). In Nigeria Agishi (1986) also reported higher yields for Verano



(500-600 kg/ha) and Cook stylo (400-500 kg/ha). However, in more recent trial
reported much higher yields (Agishi, pp. 275-285). Yields of stylo (Table 3) are compal
to those reported by Youkeu et al (pp. 97-102) in the Caomer

Figure 5. Effect of manual weeding and harvest date on proportions of hooked and unhooked
of Stylosanthes hamata Verano at Kurmin Biri in 1991.
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These poor yields can be explained by the wide row spacing (2 m) since subse
experiments with Verano showed that a row spacing of 50 cm was optimal. Althoug!
interrow spaces were kept weed-free, the low plant density accounted for the rec
yields.S. scabrdLCA 441 performed markedly better than ILCA 140, probably becal
the former showed little response to photoperiod (Thompson and MediBis3,

Weed control is essential to produce high yieldStyfosantheseeds with low weed
seed contamination. Under local conditions manual weeding may be most approj
because the optimum timing and frequency can be changed and adapted to the I
weed infestation found in the field. One earlyweeding, when the weeds are just big er
for easy removal by hand, appears most effective. A second weeding before row ¢
may be necessary to remove the weeds that germinate later. Also, it seems neces
remove the weeded material from the field to avoid re-establishment. Some contamir
with weed seeds occurred in ‘weed-free’plots because certain legume weeds were ni
to distinguish fromStylosanthesnd therefore remained. However, manual weeding
labour-intensive and requires about 100 man-days per hectare (Agishi 1986).

Seed purity appears to be unaffected by weeding or herbicide treatments. Max
purity of 85-90% was obtained in early harvests (Figure 1). In the weeding and hert
trials mean purities ranged from 67 to 83% with no apparent treatment effects. Winnc



efficiency and the particle size and composition of the inert material may account fo
differences. However, the low level of purity indicates that with manual seed clea
guality standards are difficult to attain (see Agishi, pp. 275-285).

For weed control of larger areas, herbicide application may be feasible. In
d’lvoire Trifluralin isused in commercial seed production of forage legumes. Hand wee
may still be needed to eradicate resistant weeds. The effectiveness of each hel
depends on the botanical composition of the weed flora, which should be known b
the selection of the appropriate single or combination of herbicides. The combinati
Bentazon with Cycloxidim provided control of a wide range of weeds. Althou
re-emergence herbicides are easier to apply, post-emergence applications are also
selective weed control. The time of application needs to be chosen carefully when \
are most susceptible whilst avoiding damage to the legume (Hawton et al, 1990).
requirement, in addition to the possession and the expertise in handling the appro
spraying equipment, implies that chemical weed control can only be recommended f
specialised seed producer.

Planting in rows facilitates both hand-weeding and herbicide application. On fe
soils, rows will close by the middle of the growing period so that weeds that emerge lat
usually suppressed. Khara et 4090) recommended row spacings of 40 cm for Vera
which produced higher mean seed yield (950 kg/ha) than a 20-cm spacing (850 kg/h:

In older Verano stands regenerating from seed-plant density is high and
disappear. Older pastures should not be used for seed production when weed infe
and competition between legume plants has reached unacceptable levels. Agishi
Leeuw (1986) stated that after four to five years fields become dominated by grasse
other nitrophilous weeds mainly due to the accumulation of nitrogen in the soil. In (
d’lvoire, after three years of seed production fields are usually cropped.

Provided weeds are controlled successfully, selecting the right time for seed he
will be the main determinant for maximum yield. If seeds are harvested directly by cut
the proper time to harvest is when the first seed fall occurs. Mechanised harvesting
combine harvesters is also possible at that time (Hopkinson and Loch, 1977). Spec
suction harvesters have also been used for mechanical collection of seeds (Hare,
Sweeping fallen seeds can give additional yields and should be done when most seel
dropped. As much as 44% of the total yield can be collected by sweeping betweer
(Khara et al, 1990) and sweepingis also recommended by Wickham et al (1977). Hov
when seed collection is done later in the dry season precautions are needed to avo
loss by bush fires.

In Thailand and in Nigeria, cleaning swept material is very time-consuming since |
guantities of soiland plant litter need to be removed (Agishi, 1986). The lack of approp
equipment for seed cleaning is one of the limiting factors precluding the productic
high-quality seeds. Adapted seed cleaners are available, or can be manufactured
(Hare, 1985).
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Stylosanthes seed production management
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Abstract

Practical aspects of seed production from field multiplication through seed cleanir
storage and quality (based on work done at the Department of Primary Indus
Queensland, Australia, and ILCA) are presented in this paper.

Gestion de la production de semences
de Stylosanthes

Résumé

Cet article présente les aspects pratiques de la production de semences surla b
travaux effectués au Department of Primary Industries a Queensland (Australie) e
CIPEA. Lesthémes abordés vont de la multiplication au champ a la conservation en pe
par le nettoyage et le contrdle de la qualité des semences.

Introduction

Pasture seed production 8tylosanthespecies is a complex activity which require
knowledge of the plant morphology, the physiological mechanisms by which flowerir
controlled and the way in which these factors interact with one another and with
environment to produce a seed crop. It is important both to know how they differ ar
be aware of commonly recurring characteristics so that when a new situation arise
appropriate management strategy can be selected. This paper hasbeen designed to
in conjunction with the ILCA Herbage Seed Unit fact sheets (Annex).

Plant characteristics

The type of plant growth habit will result in a limited or contbus flowering period. Most
determinate species produce only one seed crop a year. Indeterminates have a
capacity to produce multiple crops annuall@tylosanthespecies are determinate ir
growth and their seed production can be well managed in a known environment (A
1971). The plant habitilhalso affect the production strategy, establishment, weed cont
crop management and the harvesting technique.

The reproductive physiology of a pasture speciesis of fundamentalimportance tc
production. It affects the choice of localityand the management and harvesting of the
Two mechanisms usually control floweringin tropical pasture legumes. One isthe shol
(SD) photoperiodic response. The other is stimulation of reproduction by stress.

1. Present address: Agricultural Support Services Project, Office of Field Services, Kham iz, Gront
building, Dhaka 1215, Bangladesh.



A short-day plant tends to flower at the same time each year during shortening
and to cease flowering at some time during lengthening days. There is normally a
transition from totally vegetative to mainly reproductive development helping to pron
heavy and well-synchronised flowering. Stylos tend to flower in short or shortening
though there may be variation within species (Trongkongsin and Humph98y3, Cook
stylo under rigid photoperiodic control is entirely dependent on environmental chang
help it seed. If a species has a short-day response, new cultivars of the same spec
probably also flower in short days, even if they flower at slightly different tim
Photoperiodic or stress responses can be influenced by interactions with temper
Juvenile stages, when the plant is too small or young to respond to or receive stimu
often unresponsive.

Table 1. Flowering mechanism of sons¢ylosanthespecies.

Species Photoperiodic response Stress control
S. guianensisar guianensis Most SD Some LD

S. guianensisar interm edia LD -

S. hamatav Verano Weak SD -

S. scabra Variable SD Inferred

SD = Short day; LD = Long day.

Source: J. H. Hopkinson, Department of Primary Industries, Walkamin, Queensland, Australi
(personal communication).

Establishment of seed crops

Choice of locality

The correct choice of locality for seed production is very important. More failures
caused by poor choice of site than any other factor. Experience has shown that fi
cultivar, successful seed production on a long-term basis is possible only within a n:
climatic range.

Climate has a major effect on yield and, unlike nutrient and moisture supply, may
be marginally modified by the grower. The ideal climate is one which has suitable radic
temperature and rainfall for the vegetative growth of the crop, favourable photope
and temperature for floral induction and stable dry, relatively still weather during
maturation stage (Hopkinson and Reid, 1979).

Seed production is best where the average annual rainfall is within the8@0r¢e©00

mm per growing season. Common stylos can yield well in wetter conditions in spit
disease and harvest problems. Reliable, well-defined wet and dry seasons are nee
wet season of about four months duration is suitable for most stylos. Irrigation is us
especially to emulate drought stress. A reliable dry season improves reproductive v
reduces lodging, makes harvesting easy and minimises seed losses due to disea
rain-induced shattering. Strong seasonal winds may cause loss of mature seed frc
parts.

Provided mineral nutrient deficiencies are recognised and corrected, commor
shrubby stylos may be grown on a wide range of well-drained soils for seed produc
Sandytop soils are preferred for persistence of Verano and fine stem stylo. Poor dra
however, delays flowering, reduces flowering vigour, and delays machine-harvestir
crops. Cracking soils should be avoided if seed is to be swept up off the ground.



Choice of site and grower

The first requirement is for a suitable area of ‘clean’ soil, free from seed of old ‘culti
and weeds. Farm equipment such astractors and ploughs, and a capacity for mecha
manual harvesting, drying, cleaning and storing seed are needed. Storage facilities n
sufficient to hold the volume of seed during drying and threshing as well as in bags.
‘grower’ must have technical competence, integrity, be reliable, and possess a ge
ability and temperament to handle the detail required to produce seed not fo
Specialist or opportunist production systems can be used. The former requires consid
attention to detail but the latter can be adopted where the stylo is used as a pionee
(Agishi, 1986).

Seed crop establishment

The first requirements for a healthy, productive seed crop are good ground prepar
adequate mineral nutrients, early attention to weeds, pests and diseases and s
growing conditions after planting. Early wet season is the common planting time. Ui
earlyrain is reliable, mid- to late-season sowings are safer. A clean, well-prepared se
is necessary; stylo seed crops are established directly from scarified seed, with inoctL
of an appropriateRhizobiumstrain. Forty per cent hardseed is considered a ust
precaution against irregular rains, although seeds are normally retailed with a
hardseededness.

Row planting at a shallow depth is advisable and rolling after planting is useful. |
planting allows inter-row cultivation and other weed-control measures as neces
Sowing rates of 4 kg per hectare are common, although Tdlreavd Verano stylo may
require a higher sowing rate of up to 40 kg/ha (Shelton and Humphreys, 1971
phosphate application d00 to 400 kg per hectare may be used as a precaution init
and then every other year to correct deficiencies, if suspected (Shelton and Hump
1971; Rai and Kanodia, 1980).

Seed crop management

The aim of stylo management isto obtain a closed vegetative canopy which smothers
and provides a structure on which the seed crop will be built. Weed control during this
is very important (Kachelriess et al, 1992). Fortunately stylos are tolerant to a wide
of herbicides (Table 2). When a vegetative cover has been achieved, a short-day leg
easy to manage. To ensure the greatest density of inflorescences, cutting or graz
synchronisation is useful but is only possible with common stylo. Excessive growtB as
guianensiscultivars can be a hindrance at harvest, causing flower heads to appe
different heights and the tangling of stems in mechanised harvest operations. Defol
must be done, but early enough to ensure canopy recovery before or at flower initi
The effects of defoliation on seed productionSofhamatacv Verano were studied by
Wilaipon et al 1979).

Anthracnose Colletotrichum gloeosporioidgss the most prevalent disease of stylc
It requiresthe selection of suitable sites (often oflessthan 100Ginumakbrainfall), tactical
treatment with the fungicide benomyl, or production of a stylo variety with reasonable
tolerance, such as cv Seca.

The useful life of commercial seed crops varies from three to four years. Town:
and Verano stylo behave as annuals. The others are perennials and require renc
according to the degree of weediness, especially in shrubby species. Common s
vulnerable to fire and excessive grazing or low cutting. In all cultivars the popula
densities may become too high and require thinning.
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Harvesting the crop

Optimum harvest time

The selection of a suitable harvest time for seed crops is often difficult because
uneven ripening. It is best to judge when the greatest quantity of viable seed c:
harvested by observing the proportions of shattered, mature and immature
throughout the ripening phase. If hand-harvesting is to be used, this should begin a
as the earliest seed ripen. It is necessary to remind seed producers to become famill
the procedures for monitoring seed-crop development and productivity. It is importa
relate flowering to ripening and eventual harvesting. Progressive counts need to be
ofthe numbers of flowers, green and ripe podSititosanthespecies distinctions betweer
the stage of development of inflorescences are difficult and only total count
inflorescences can be done without great difficulty. Supplementary information as tc
stages of development can be determined by dissection under low magnification (Lc
al, 1976), which vil also help provide information on the extent of any failure to set se
Subsampling of field quadrats (0.4—0.5 m) is required to reduce the work load of sar
caused by the large numbers of growing points, inflorescences, flowers and pods.

cutting a quadrat, ripe fallen seed can be swept up using a pan and stiff brusl
subsequently cleaned. Tagging floral development and sequential harvesting experi
may help build up experience on howto determine harvest ripeness. Thereafter, clo:
regular observation of the ripening crop, to look for colour changes as well as ea
shedding and seed removal helps complete the assessment as to optimum harvest

Harvest method

The method used to harvest stylo depends on the nature and size of the crop, ava
of labour and machinery, the quantity and purity of seed required, the weather and
other factors.

Hand-harvesting is used where purity and maximum recovery are critical, or v
labour is inexpensive. Seeds are shaken or knocked into bags or the whole crop is c
rolled, threshed and the fallen seed swept, together with soil particles, for sieving
drying. Direct combining is possible in common and shrubby stylos, since little seed fa
the ground, but machines 290 bhp are required to handle the vegetative mass. Suc
harvesters were previously popular but are now rapitliggeout of favour, primarily due
to the cost of maintenance caused by excessive wear and tear from the abrasive ne
the soils.

Post-harvest processing

Seed drying

Freshly harvested seeds of stylos may be quite moist and must be dried to 8-12% m«
content before storage. However, the seeds must not be dried too quickly or at exc
temperatures. Indirect sun drying on tarpaulins, canvas or hessian racks, concr
wooden floors, or the bare ground is preferable to direct exposure. It isimportant th:
ambient air and seed temperature does not exceed 35°C. Currently, oven drying is tt
reliable technique for estimating moisture content, but as a guide the following tab
percentages of ambient relative humidity and seed moisture content can be used. F
were obtained using a hair hygrometer in a sealed, transparent bucket of seed (Tat



Table 3. Stylosantheseed moisture equilibrium with content and ambient relative humidity.

Relative humidity (%) 50 60 70 80

Stylo seed moisture
content (%) 8.0 10.0 12.0 14.0

Seed cleaning

The aim of seed cleaningisto remove all contaminating matter. It is always easier to re
inert material than weed seed therefore seed cleaning should begin in the growing
by careful weed control. It isimportant to avoid even the slightest contamination by v
species, as the weed may become a perpetual contaminant of new pasture.

Stylo seeds occur in various forms, hooked (Verano) and unhooked (shrubby
and within a hull (common stylo). The seeds should be cleaned according to morphc

Air-screen cleaners are widely used, relying on wind and moving screens to sep
material of different size and density. Sieves can vary from 1.5-16Wtdrholes and
0.3-5.5 slots. Gravity tables also exploit density differences and are useful for sepa
different grades of seed that are already clean. Length separators (indent cylindet
usedto separate seed of different length. Scarification isrequired to reduce hardseed
(Table 4). It is possible to make home-made farm cleaners (most of which are s
screen/air machines) and use hammer mills as scarifiers; they are cheap and may be
where capital is short.

Table 4. Cument recommendations for reducing levels of hardseededneSsdarantheseeds.

Species Treatment methods Treatment preferred
Stylosanthes guianensiar Hot water at 88C Heated cylinder (12T for
interm edia(fine-stem stylo) for 6-8 min 15 min

Stylosanthes scabra Clover polisher (< 50% Hammermill (50% dehulling)
(shrubby stylo) dehulling)

Hot water at 88C for 5 mirt

Stylosanthes hamata Hot water at 88C for 6-8 min Heated cylinder (15 for
(Caribbean stylo) Clover polisher (partial 15-25 sec%
dehulling)3

1. Do not exceed 5 minutes as some seed death has been recorded after longer periods of treatment.
2. Optimum times and temperatures may vary depending on specific construction of the heated cylinde
3. Further validating work required.

Cleaned seedyields are veryvariable due to the different seed production manag
practices. Yields range from 200 to 800 kg/ha with a potential (standing and fallen see
up to 1800 kg per hectare.

Seed storage

Stylo seeds have ‘hard’ or impermeable coats and can survive longer than grasses,
have a higher equilibrium with surunding atmospheric conditions determined |
temperature and relative humidity. Seeds stored under cool dry conditions maintain
viability for longer periods. Storage hygiene to control insects, moulds and rodents mt
exercised and the premises designed and built of materials to help maintain co
conditions. Seed quality should be continuously monitored from season to season.



Seed packaging

To prevent moisture absorption, polyvinyl chloride (PVC) of 480 micron thickness or
micron high density polythene is often used to line jute and paper bags. The outer pacl
material is then printed with relevant information and may in addition be labelled
information on seed quality. The seed itself may be coated (pelleted) with inert ma
which incorporates micronutrients, various “fungicides or insecticides”, growth promo
and rhizobia to facilitate flowability and establishment of the crop.

Seed testing

The accuracy and usefulness of any test depends on how representative the subse
of the whole. The moisture content of stored seed can be difficult to measure accul
More details on equilibrium moisture contents have been indicated under section
drying.

Pure seed is used for germination or viability tests. Sepanadingeed material from
stylo seed is easy, although they often have high weed seed counts. Immature see
also be easily separated. Germination tests are needed and can be conducted
minimum of equipment. Seed trade standards appear to be 40% germination and
purity with 10% hardseededness for common stylo seed.
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Annex

Checklist for seed production fact sheet

Species:
Cultivar(s):

Origin:

Adaptation:

Morphology:

Include Latin (botanical) and common names

Restrict to those with comparable seed production
characteristics

Ecological and geographical (accession passport data),
any pre-release breeding programmes.

Rainfall (include drought-tolerance)
Temperature (include cold/frost/heat tolerance)
Soil (include texture/pH/fertility preferences, salinity/
toxicity/waterlogging/flooding tolerances)

Shade

Fire

Defoliation (include location of plant crown)
Rhizobium (legumes)

Seeding ability (shy or free-seeding)

Plant habit (include determinate/indeterminate,
herbaceous/woody, prostrate/stoloniferous/twining/
sprawling/shrubby/erect, annual/biennial/perennial)
Inflorescence/flower (structure)

Flowering behaviour: Controls (day-length, stress, temperature)

Reproduction:

Site selection

Seasonality (approximate dates of flowering )

Developmental phases (approximate time in weeks to flore

initiation, first flowering, harvest maturity)
Diurnal flowering (daily flowering time)

Sexual (self-pollinating or out-crossing, include isolation
requirements)

Asexual (seeding by apomixis, vegetative by cuttings/splits)

Production strategy: Sward (pure/mixed)

E stablishment:

Trellis (legumes)

Crop rotation/renovation (include annual/perennial basis)
Farming system (opportunist/specialist, combine with hay €

Timing (if special requirements)
Seeding rate (include kg/ha and quality)

Seed scarification/treatment (include scarification method
and procedure, pelleting)

Seed inoculation (legumes)
Seedbed (include rolling)
Sowing depth (note exceptions to surface sowing)



A

Weed control:

Crop management:

Planting pattern (broadcast/row width/grid pattern)
Fertiliser (quantity and type, application method)

Establishment (also for annual or occasional renovation,
include pre-emergence and post-emergence control)

Established crop (post-emergence)
Defoliation (grazing/cutting, height, time)

Harvesting — Manual: Technique and details (e.g. sickle and stook, sickle and ¢

Drying:

shake, sweep, trellis for legumes, hand-plucking)
— Mechanised: Equipment
Adjustments

Special techniques (wind-rowing,
rethreshing etc)

Natural
Avrtificial

Seed characteristics: Shape and dimensions

Conditioning:

Expected yields:

Seed testing
procedures:

Benchmark
guality standards:

Appendages (awns, hairs, sterile florets/spikelets)

Seed volume (weight per litre)

1000-seed weight (in grams)

Dormancy/hard-seededness (include degree and duration
Air/screen (size and shape of screen apertures)

Indent cylinders (pocket size)

Cleaned seed yields (kg/ha per crop, number of
crops per year)

Seedheads/frand other components at maturity (include
fertiliser history with kg N/ha per crop for grasses)

Purity (include pure seed definition, hand
or blower method)

Germination (include pretreatment, temperature regime,
light, alternatives, first and final counts)

Tetrazolium (details of conditioning, cutting, staining,
evaluation)

Purity
Germination
Pure live seed (PLS)



Section 7

The impact of Stylosanthes



An assessment of farmers’ adoption rate and
potential impacts of stylo-based feed
production systems
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Abstract

In this paper the fodder bank concept and the procedures of establishment, fencir
management are briefly described. The adoption rates by farmers and agropastorali
discussed, highlighting the importance of credit, which has been part of the exte
package. Other factors influencing this rate include problems with land ownership, fin
labour for establishment and the high failure rate especially in the drier areas of Nig

With the continuing devaluation of the Nigerian currency, establishment costs |
escalated. As credit levels did not keep pace with this upward trend, adoption rates s
down. Increasing credit, better training of extension staff in package delivery
propagating the fodder-bank message more effectively through the media mayrever
trend. Placing stronger emphasis on the impact on both livestock and crops will stren
the message as it appeals to both small farmers and agropastoralists.

Between 1987 and 1991, a total of 637 fodder banks were established under “fa
managed” supervised loans of the World Bank Second Livestock Development Pr
Adoption rates were high amongst pastoralists having title to land or those already s
inside grazing reserves.

With the downward trend in the Nigerian economy, farmers prefer to put their avalil
land to profitable crop production rather than tie it down to pastures. However, the in
offodder banks hasbeen felt through improved animal growth rates, increased milk prod
and calf survival in herds with access to fodder banks as compared to those without.

This paper assessesthe future development of fodder banks across Nigeria on tt
of interest and resources available to the pastoralists in view of the demand for lan
scarce feeds for the national herd.

Evaluation du rythme d’adoption et de I'impact
potentiel des systemes de production d’aliments du
bétail a base de Stylosanthes

Résumé

Cet article expose brievement le concept et les techniques d'installation, de cldture
gestion des banques fourragéres. L e rythme d'adoption de cette innovation par les pay:
les agropasteurs est examiné et l'accent mis sur limportance du crédit, lequel fait
intégrante de 'ensemble des mesures vulgarisées. L'adoption dépend d’'un certain ne
d’autres parametres, y compris les probléemes liés au mode de propriété de la terre, les pé
de main-d'oeuvre et le taux élevé d'échecs, notamment dans les régions les plus séc
Nigéria.



Avec la dévaluation continue de la monnaie nigériane, le colt d'installation des ban
foumrageres n’a cessé d'augmenter. Et, étant donné que le montant des crédits n'a pas
mouvement, le rythme d'adoption s’est ralenti. L'augmentation des crédits, llleurae
formation des agents de vulgarisation et une technique plus élaborée de diffusion du m
a travers les médias pourraient permettre de renverser cette tendance. En mettant dav
l'accent sur limpact de cette innovation sur la production animale et végétale, on rendr.
message plus attrayant dans la mesure ou il séduirait a la fois les petits paysans
agropasteurs. Un total de 637 banques fourragéres ont été installées entre 1987 et 199:
a des crédits gérés sous supervision par les paysans et consentis dans le cadre du De
Projet de développement de l'élevage financé par la Banque mondiale. Le taux d'adc
était élevé pammi les éleveurs possédant des titres de propriété ou installés sur des a
paturages protégés.

Avec la récession économique au Nigéria, les paysans préférent consacrer leurs te
descultures — plusrentables — plutot que de lesimmobiliser avec des paturages. Cept
les conséquences des banques fourragéres étaient évidentes, notamment a trave
croissance plus rapide des animaux, laugmentation de la production laitiere et la bais:
la mortalité des veaux.

Enfin, cet article examine les perspectives d'avenir des banques fourragéres
lensemble du Nigéria et ce, en tenant compte de lintérét suscité par cette innovatior
ressources dont disposent les agropasteurs, du probléme de la rareté de la terre et des p
daliments du bétail.

Introduction

Nigeria is a country with immense agricultural potential as it extends from the Atla
coast to the fringes of the desert. In most of its territory crops and livestock can be ¢
successfully; the livestock sector includes cattle, sheep and goats and is important f
supply of meat, milk, hides and skins and secondary products such as manure and tr

Over the years, inadequate nutrition has been identified as the major constra
livestock production (Mohamed-Saleem, 1986) which becomes more serious as tr
season progresses. Pastoralists who still own about 75% of the national herd, go tt
this difficult period by supplementing their animals with agricultural by-products which
becoming scarcer and therefore more expensive. The natural grazing lands provide
guality feed which at the beginning of the dry season contains about 3% crude prote
is therefore inadequate for animal maintenance, let alone production.

Many years of on-station research by ILCA in the subhumid zone of Nigeria led
stylo-based feed production system called the fodder bank which provides concent
legume feed to be preserved for dry-season grazing. Over a decade ago this packe
passed on to National Livestock Projects Division (NLPD) for extension and transfe
the livestock owners. A critical evaluation of this extension programme is necessal
the assessment of the adoption rate and impact on the livestock production systems
country.

Fodder-bank establishment and management

The fodder-bank concept

The fodder-bank concept resulted from demands for better livestock production sy:
in the subhumid zone of Nigeria. Even though livestock owned by pastoralists move
pasture to pasture they lose weight during the dry season because they do not rece
right amount of nutrients, in particular crude protein. Therefore, fodder productiol
intensive cultivation of forage legumes was seen as a solution.



The establishment and management of fodder banks requires the following acti
- fencing a block of about four hectares
- preparing a proper seed bed
- broadcasting stylo seeds that are scarified or soaked in hot water
- applying phosphorus fdlisers
- grazing before and after sowing to reduce grass competition
- deferring stylo grazing until full establishment is accomplished
- grazing during the dry season while protecting the bank against fire
- allowing sufficient seed reserves to build up for regeneration in subsequent yea

Fencing fodder banks

A good site should be selected, i.e. stony or waterlogged areas should be avoided. T
of fodder bank would depend on the number of animals in the herd. Under the supe
credit scheme for pastoralists, NLPD designed different types and appropriate si:
fodder banks, ranging from one hectare for small-scale farmersto 4 ha for agropasto

It is necessaryto fence fodder banks to prevent trespassing and uncontrolled gr
Materials available for fencing include wooden posts and barbed wire while some far
experimented with metal or live posts. Fire breaks are essential to prevent accidents:
which are a common risk during the dry season. Most fencing materials are expensi
constitute a major cost component of fodder-bank establishment.

Seed bed preparation

A successful fodder bank starts with thorough seed-bed preparation. Whilst tracto
ploughing and harrowing are ideal, most farmers cannot afford this investment or lac
cash to hire equipment. Therefore other methods of seed-bed preparation have
devised such as kraaling of animals on planned sites and burning before s
(Mohamed-Saleem, 1986). Undersowing legumes in crops at appropriate times durir
last growing season in the cropping cycle is an alternative method of establishmer
these methods have their advantages and disadvantages; for instance, some pas
complained of worm infestations of animals kraaled for several days, animal dung wa
to the detriment of crops and instead created serious weed infestation in what was hi
considered communal land. Therefore, except for its high cost, preparation of clean
beds with tractors was the most desirable option.

Seed sowing

Sowing rates of stylo depend on seed quality (purity and germination rate). S
hand-harvested seeds are usually of low quality, a seeding rate of 15-20 kg
recommended for adequate establishment. Sowing should be done when the rain
properly stabilised, because seed-harvesting ants are most active when there are dr
following sowing. However, a mixture of wood ash and stylo seed sown asa slurry prev
theft by harvester ants (Ajileyanpublished data).

Stylo seeds possess a high degree of hard-seededness which can be reduced
water treatment. For optimal results only half of the seed should be scarified, becaust
treated seed germinates immediately after the first post-sowing rain falls while unsca
seed remains dormant until more favourable conditions prevalil later.

Application of fertilisers

For good establishment, stylo-based fodder banks should bleséelrivith suphur and
phosphorus which are often deficient in tropical soils. Single superphaitisdestcontain
these elements and using 150 kg/ha at establishment is recommended.



Reduction of grass competition

Fast-growing grasses compete with stylo seedlings during establishment. Grazin
fertiliser application enables the stylo seedlings to get established and bulk-up ra
Since grasses are more palatable than stylos at this stage, they are selectively graz
reducing competition. Animals should be withdrawn as soon as the stylo starts floweri
allow high seed production to occur.

Management of established stylo fodder bank

Average pastoralist herds consist of about 50 head of cattle of which 15 to 20 are
(Mohamed-Saleem and Suleiman, 1986). These cows could be adequppddyrented
by a four-hectare fodder bank for a six-month dry season given a potential dry-matter
of four to five tonnes per hectare with a crude-protein content of stylo of about 12%
selected animals should graze the bank onlyfor 2.5 hours per dayeitherin the earlym
or after returning from savannah grazing in the evening. With a stocking rate of uptc
animals per hectare over six months many banks have been sustained for severa
However, many pastoralists are reluctant to restrict the use of fodder banks to pre
and lactating cows alone because they believe that all their cattle are important and ¢
benefit equally.

Adoption rates of fodder banks

Since the fodder-bank programme was initiated in the early 1980s, by 1986 about 25
were established before the credit package was introduced by NLPD (Figure 1).
second Livestock Development Project of NLPD started in 1987 with a World Bank |
Several livestock development models were considered including providing credit fo
establishment of fodder banks. This credit scheme increased the rate of adoption
by 1990 over 400 fodder banks had been established (Figure 2). However, in 1991, th
dropped due to the following reasons:

Land tenure

This is one of the most important constraints as traditional pastoralists rarely own lan
have fully recognised usufructuary rights. It is therefore difficult to recruit pastoralists
this programme since they face a myriad of problems in securing land from the local
farmers, the traditional owners of land. Therefore the government has tried to c
grazing reserves and allocate them to pastoralists; as a result some fodder bank
established there. However, few grazing reserves have been gazetted and alloc:
pastoralists; thus land availability for fodder-bank development will remain a m
constraint especially now that marginal land is being competed for by other sectors «
economy.

Lack of labour

Finding labour to start and maintain fodder banks is another problem. Since early i
rainy season much labour is required for crop production, hired labour is scarce.
demand for hired labour is very high and pastoralists have to pay dearly to attract wo

Ecological problems

Fodder banks were designed for and tested in the subhumid zone and proved
successful. Attemptsto introduce the package into the semi-arid zone met with less s
due to the lower rainfall and shorter growing season, thus creating a less favol
environment for the legume of choice — Verano stylo. The few farmers who adopte
package in Bauchi, Katsina, Sokoto and Borno states gave up a few years later. The
to see the merits of the package “since the stylo was not there when they needed it
failure discouraged other farmers in the semi-arid zone to enlist in the programme.



Figure 1. The number of fodder banks established in Nigeria filO81 to 1986.
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Figure 2. The number of fodder banks established in Nigeria ft88v to 1991.
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Economic problems

At present, the costs of fodder-bank inputs are higher than the loans provided b
project. For example, the cost of 1 m of barbed wire in 1984MWa85 as compared
2.00 in 1992. Fencing costs represent about 80% of the npuatd, while prices of stylo
seed and fertilisers have also risen. Thus, pastoralists have to find other sources of
complement the available credit. The present inflation rates have also increased the
of the land. Thus, farmers prefer producing cash crops (like cotton, maize, wheat, ric
rather than tie land down to fodder banks for several years.

Extension contact

Through a rapid appraisal including several states in the northern parts of the cour
was found that few farmers were aware of the fodder-bank programme. To remedy
NLPD sponsored many radio programmes to propagate the concept. Also, contact
current adopters need to be improved while extension staff require adequate train
order to transmit the correct messages to farmers. Frequent visits and supervisic
important to sustain the Project.

Benefits of fodder banks

Most pastoralists who have invested in fodder banks agree that they are use
supplementary feed during the dry season and that animals grazing fodder banks p«
better than those without such access. During the dry season pastoralists make less'
sales” of underfed stock and say that cows grazing fodder banks have higher conc
rates and milk production, and that more calves survive. There is also increased sect
tenure of fodder-bank land because the fencing component ensures official recognit
ownership and preventstrespassing. Manyfarmers save the cost of hiring labour for h
by confining their animals inside fenced fodder banks. Crop farmers are taking adva
of the nitrogen build-up in fodder-banks through rotational cropping. They have
convinced by results from experiments which indicated considerable benefits to
grown on previous fodder-bank sites (Mohammed-Saleem, 1986; Tarawali, 1991).
extension package now recommends rotational cropping emphasising the ben
interactions between both crop production and fodder banks.

Conclusion

The fodder-bank package has been effective as a simple way of providing suppleme
feedto livestock during the dry season while the rate of adoption hasincreased bypro
credit as part of the package. However, since the devaluation of the Naira in 1985, the
of establishment coupled with other technical problems has slowed down ador
Although costs are high, some farmeiili Believe that the benefits are greater than tt
costs, which they say are equal to the price of two bulls which many pastoralists can r
afford. Therefore, extension efforts should be intensified while at the same time ada
the package to the current economic situation in the countrybyincreasing the rate of ¢
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Stylo-based feed production research:
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Abstract

In most African countries there has been a strong desire to devote resources to p
development, but it is often not clearly understood how these pastures can be inte
into the overall land development. Legume forages can improve livestock nutrition
restore degraded soil, both aspects being important to farming systems in sub-Se
Africa. The type of legume, where to grow it, the amount of land to use and the i
from the regional to the village level is difficult to project from the results obtained |
few widely dispersed experimental sites. Land suitability assessments are requir
determine the maximum benefits that can be derived from different land-use type
crop mixtures.

The FAO agro-ecological zones (AEZ) methodology provides a simple tool for |
suitability assessment that has been successfully adapted to assess land suitabili
Verano stylo in 10 West African countries. To formulate growth rules for Verano s
some assumptions were made through expert consultations where actual experiment
were unavailable. The AEZ methodologyis time- and scale-neutral and assessment
refined whenever more hard data become available. This does not, however, redu
value of land assessment for planning purposes. The application to Verano stylo rey
here prompted suitability assessment for other land-use types involving different fol
and residues from food crops. The necessary data bases and the required con
capacity may not yet be readily available to national researchers; this identifies an ar
collaboration with international agricultural institutions. It is hoped that land glitigab
assessments will eventually pave the way for the much needed sustainable land-use :
for countries in sub-Saharan Africa.

Recherche sur les systemes de production
d’aliments du bétail a base de  Stylosanthes:
conséquences pour les perspectives de
developpement

Résumé

Bien que la plupart des pays africains souhaitent sincérement promou
laménagement des parcours, ils ignorent bien souvent comment intégrer ce param étre
le processus général de mise en valeur des terres. Les légumineuses fourragéres per
d’améliorer l'alimentation des animaux et de restaurer les terres dégradées, deux fac
importants pour les systemes agraires des régions d’Afrique subsaharienne. Il est diffi
partir des résultats enregistrés sur quelques sites disséminés ¢a et la, de savoir quel t
Iégumineuse choisir, ou les cultiver, quelles superficies y consacrer et quel impact en at



lorsqu’on passe de la région au niveau du village. Seules des études de compatibilité el
terres et les espéeces végétales permettront de déterminer les avantages éventuels des ¢
possibles de mise en valeur de terres et des associations de cultures.

Instrument simple d'évaluation de ce parametre, la méthode des zones agro-écolo
de la FAO a été utilisée avec succeés dans dix pays d’Afrique de I'Ouest pour tes
compatibilité entre certaines terres3tylosanthesv. Verano. En I'absence de données réell
d’expérience, certaines hypothéses retenues aprés consultation d'experts ont servi a déte
les régles régissant la croissance du Verano. Etant donné que la méthode des
agro-écologiques est indépendante du moment et de I'échelle de I'étude, il est possi
réajuster I'évaluation au fur et a mesure que l'on obtient des données plus précises,
n‘entame en rien [utilité de cette évaluation pour les besoins de la planification. Les tra
rapportés ici sur le Verano ont conduit a d'autres études destinées a évaluer le de
compatibilité entre des terres d'une part et d'autre part certaines autres espéces fourre
ainsi que des résidus de cultures vivriéres. L es chercheurs nationaux ne disposent pas t
des bases de données et du matériel informatique indispensables, un probléme qui p
résolu grace a la collaboration avec des institutions internationales de recherche agricole
espére que les études de compatibilité entre les terres et les especes végétales perme
mettre au point des systémes durables d'utilisation des terres dont les pays d'Af
subsaharienne ont tant besoin.

Introduction

The potential rolesleguminous forages can playin supporting seasonally nutrient-def
livestock production systems are well known but rarely considered in the agricul
planning strategies of most sub-Saharan African countries. This is because the po
impacts of forage production are not presented in a national and regional perspectiv
the main objective of ongoing research on forage cropsis aimed at alleviating the nutri
constraints experienced in many livestock production systems in Africa.

Nutritional deficiencies caused bylow herbage quality occur where the growing pe
islong due to nutrient dilution in high biomass yields. Both qualityand quantity are defic
in areas with shorter growing seasons. Diverse agro-ecological and edaphic conditiol
farming systems in West African countries demand different forage-based land-use
(LUT). Linrecent years, the search for technologies to sustain crop yields under lowi
has become a major research challenge. It is within this context that forage legume:
entered the arena of tropical farming systems research as potential alternati
unmanaged natural pastures and fallows.

Research goals

Forage research for Africa therefore aims at developing forage production technique
fitinto prevailing farming systems wibut reducing food crop production and that provic
protective soil cover, arrest fertility decline and restore degraded land.

Experimentation with forage crops is commonly carried out in small plots an
specific sites. Hence, it is impossible for a single institution or the NARS (natic
agricultural research system) in one country to generate all the data necessary to it
and evaluate forages for all agro-ecological and edaphic conditions. Likewise, to 1
forage production techniques to the entire spectrum of production systems, is a di
task. This calls for information-sharing through collaborative efforts which can only
effective if standard research methods are accepted. Inter-NARS information-sh
involves common approaches to analysis, interpretation and manipulation of da

1. LUT is aland-use type described in terms of its products and management practices.



aggregate, generalise and extrapolate in order to predict the unknown from the ki
This process should provide answers to the following questions:

i) Where else — within and outside a particular country — can similar forages be gr
and what production constraints can be envisaged in sites that differ from
experimental ones?

i) What is the extent of suitable land for a given forage LUT within a given countn
region and howmuch of this land should be devoted to forages to maintain and inc
the output of the livestock population?

i) What will be the effect on the livestockHsporting capacity, in a given country whel
more land is allocated to forage crops?

Methodology

A major goal of collaborative research is to avoid duplication of effort and repetitio
past work. Research sites should therefore carefully selected to cover a broad spect
agro-ecological and edaphic conditions. For example, West Africa is subdivided into
major ecological zones — humid, subhumid, semi-arid and arid — within which six m
soil groups are the most common, namely Regosols, Arenosols, Cambisols, Lu
Acrisols, Nitosols, Ferralsols and Andosols (Table 1). These subdivisions give rise
matrix of potential research locations. If a few sites can be selected that cover most
agro-edaphic situations and uniform trials are conducted, the results can be statis
compared. For exampl&tylosanthes hamatev Verano was tested in uniform multi
locational trials for a number of years in both Nigeria and Mali (Tarawali et al, pp. 81-
Thus, fromthis matrixof yield data, optimal conditions for herbage growth and the pen:
for not adequately meeting the stylo growth requirements, were estimated.

Application of geographic information to forage research

For forage research to answer the questions listed above the following tasks have

undertaken:

- Selection of representative research sites with assessment of production poten
forages.

- Identification of constraints to obtaining potential yields to determine managen
options and to formulate growth rules for the major forage species.

- Matching forage requirements to land characteristics and estimating the exte
suitable land for different forage species.

- Aggregation of estimated forage production totals by suitable land classes for
ecological zone and matching these aggregated totals with the requiremer
livestock populations found in these spatial units.

To ensure that research sites are representative, data on rainfall, length of gr
period (LPG) and soils are necessary. The FAO/UNESCO soil/LPG data base prc
geo-referenced information on the major soil types and climates of Africa; local knowle
is required to choose the sites. However, if the results from research sites are aggr
to predict potential yield at the district, country or regional levels, geographic informe
at higher resolutions will be needed.

Across NigeriaStylosanthes hamatev Verano was established at 20 sites along
north-south transect covering four major ecological zones: semi-arid, subhumid, humi
highlands. Responses of Verano stylo to eco-edaphic conditions were establish
inter-site yield comparisons over 3—4 years (Tarawali et al, Table 7, p. 91). For inst
the multi-locational trials provided information on how the cultivar responded to a t
pan within 20 cm of soil profile, to rainfall distribution, levels of fertilisgwuts and grazing
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management etc. Data from these trials were used to formulate growth rules. The g
requirements of Verano stylo emerging from these rules were then matched with
gualities using the FAO agro-ecological zonal (AEZ) data base (Figure 1).

Figure 1.  Simplified method for assessing crop—forage productivity and animal/human suppc
capacity.
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This data base is geo-referenced in small homogeneous land units or agro-eco
cells; therefore, the agro-climatic and edaphic attributes of any selected area c
matched against the growth requirements of stylo. When climatic and edaphic require!
of Verano stylo are met and there are no further agronomic constraints, the stylo
attains its maximum or “constraint-free yield” for that area. By applying ratings (base
data from multi-locational trials) to the agro-climatic and soil constraints, land areas
be classified into four suitability classes (vs: very suitable, s: suitable, ms: marginally sui
and unsuitable).

This analysis was done for 10 West African countries namely, Burkina Faso,
Cameroon, Gambia, Ghana, Céte d’'lvoire, Liberia, Mali, Nigeria, Senegal and Togo.
real extent of each suitability class was multiplied by its estimated mean yield of Ve
stylo, which through aggregation provided an estimate of the potential forage yiel
country. Other aggregation levels, by zone within countries or across zones within the
African region, are possible.



Potential output

ILCA is involved in livestock research in these 10 West African countries either dire
or through its networks. This collective research represents all climatic and ed:
variations encountered in West Africa and also represents countries in different sta
agricultural development and levels of resource endowments.

The land areas suitable for Verano stylo in the 10 countries are summarise
suitability class and by ecological zone for low and higiuit levels. Due to its size Nigerie
has potentially the largest area suitable for Verano stylo. Although the land area of
is 32 million hectares larger than that of Nigeria, only 6.5 per cent of Mali is suitable
Verano stylo, whereas it can be grown on 35 per cent of the land in Nigeria.

Whereas constraint-free yields are highest in the humid zone, reflecting the Io
growing periods, the agronomically attainable yields are much lower as most of the he
is lost to disease, in particular when LGP exceeds 300 days. In contrast, land areas\
LGP less than 90 days do not support profitable growth of Verano stylo.

Discussion

Land endowed with good rains and soils is suitable for many crops, but the
combinations that optimise overall output is determined by several factors, such &
present and projected human food and livestock feed demands, peoples’ di
preferences, the supply of inputs and government policies. Countries or regions v
countries may meet present demands with lowinputs, but mayrequire higher inputsin
to come to meet the future needs arising from increasing populations.

Current land-use systems may produce calories and protein yields belowthe pot
land capability. To maximise land productivity new land-use systems need to ev
Although to select the best options for land development is a policyissue, it should be
on estimates of land-use potential and the animal and human population supp
capacities. Such assessments would delineate areas where development action
needed or most rewarding.

Land suitability assessments solely for forages may be irrelevant at the present
of development of most West African countries. However, land dlityafor forages is
likely to become a more important component when overall land-use planning is ca
out on a longer-term perspective.

Because of the high cultivation intensities in several countries of West Africa, the
is being degraded. To make up for decline in crop yields farmers are encroachir
traditional grazing lands. To reverse this situation several milbomes of nitrogenous
fertiliser will be required in Nigeria alone; like fertilisers, many otimguits vill have to be
imported.

Atthe presentlevelofland productivity several West African countries cannot sug
their national herds at an adequate productivity level. It is in this context that integr:
of livestock and forages into farming systems has become vital. The role of livesto
cropping systems as a means of providing draft power and manure is well known. Bu
and where to use compatible forages in rotation or as ley crops with cereal crops
would provide a basis for sustained productivity, is not well explored in Africa. Rese
results from spot trials are of little value if they are not translated into land-use syste

Experience has shown that herds significantly increased their productivity when
had access to Verano stylo fodder banks (ILCA, 1986). Verano stylo also raisiey oért
the land within a short time. Grain yield of cereal crops grown for two to three years
Verano stylo increased significantly compared with the adjacent land which
continuously cropped or had been under natural fallow (Mohamed-Saleem and Ot



1986; Tarawali et al, 1987). Also, the pesise of cereal crops to féigers was better when
applied to fields that had been under a stylo forage compared with those on contint
cropped soil (Tarawali and Mohamed Saleem,83-192). Thiswspports the view that
crop-free rest periods of varying durations depending on the input levels are requir
sustaining productivity. Applying mineral fertilisers alone is nodegh, and consequently
forages likeStylosanthesan become very valuable in managing tropical soils beside:
potential contribution to the national feed budget. For instance Nigeria has 7.4 m
tropical livestock units in the semi-arid zone and has 3.4, 9.7 and 5.4 million ha of
classified as VS, S and MS, respectively, for Verano stylo (Table 2). Assuming that
five per cent ofthe different land classes are brought under Verano stylo it could poter
yield 4.7 million bnnes of consumable dry matter &&B 000 bnnes of crude protein.

As mentioned before, land suitability assessments require a massiveniaai data
requiring entry, processing, analysis and retrieval, involving substantial computing faci
and exchange of information. This is where international institutions have an advat
and could serve their national research partners with backup. Much effort was pu
formulating the growth rules, for Verano stylo and it is hoped that these rules v
combined with land suitability assessments, will benefit project planning efforts
sustainable land use in West Africa.

Conclusion

Future demands for substantialincrease in food and feed will have to be met from the
land resource base which is already overstretched in many of the West African cour
As land resources and demands are unevenly distributed within and between coun
is necessary to know the physical limits of land in relation to its intended use. It
demonstrated howthe FAO AEZ methodologyfor land evaluation can be adaptedto
land suitability for Verano stylo and assist scientists to assess the potential relevat
their research. If this assessment is extended to all potential land-use types in rela
demand, it will delineate appropriate crop—forage mixtures and/or identify critical a
where land resources are insufficient to meet the targets. Hence it is a powerful to
land-use planning. Although experimental data may not be readily available to make ¢
climatic and edaphic inventories, expert knowledge can be substituted for asses
without negative results until more data become available.
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Stylo as forage and fallow:
Synthesis and review

P.N. de Leeuw

International Livestock Centre for Africa (ILCA)
P.O. Box 46847, Nairobi, Kenya

Introduction

The papers presented in this workshop show that research on stylo has been con

with two major aims in mind. The first objective — as in most research — was to ex|

the “state-of-the-knowledge” of legume technology by controlled experimentat

Secondly, less-formalised farming-systems research was undertaken to adag

technology to farmers’ needs and capabilities. However, complementarity bety

on-station and on-farm research was highlighted in many papers, covering four
production systems.

- Agropastoralists in the subhumid zone (SHZ) of Nigeria where stylo-based fo
banks function as a major high-quality feed resource for cattle, their major enter
and source of income.

- Small-scale farmers in Nigeria, who have developed micro-fodder banks a
alternative to unmanaged natural fallows. Fertility maintenance of cropland is
main purpose, while during the cropping season small ruminants (mainly goats
tethered on these micro-banks.

- Mixed farmers in the wetter semi-arid zone of Mali and C6te d'lvoire who rely
animal traction to grow cotton (as a cash crop), sorghum and maize. Dual-pul
stylo-based fallows are actively promoted to maintain soil fertility and sup
supplementary feed for work oxen and the herds required to supply replace
traction stock.

- Millet farmers in the semi-arid zone of Niger where stylo intepging may catch on
to improve soil fertility and provide feed for sale or for intensive small rumine
production.

In Nigeria, research focusing initially on agropastoralists, produced the “fodder-k
(FB) concept” together with a set of recommendations for FB establishment, mainter
and use. Once this first phase was completed, focus changed to crop-legume inter:
as FB owners became interested in exploiting the build-up of soil fertility égpdéng in
order to both diversify their enterprises and to better secure their usufructuary rigf
the land.

Micro-fodder bank development became a target when smallholder crop farme
the traditional communal owners of the land, desired to reclaim some of the land occ
byolder fodder banks for cropping. Therefore, primarily on-farm research evolved to &
the acquired technology of large-scale FBs to the smallholder goals of soil fer
improvement and accommodating goat production.

In francophone West Africa where, over the last three decades, cash-croppingc
with animal traction has developed at a rapid pace, improving soil fertility and lives
feed production have become major aims. Due to the urgent need to encourage sust
land use incorporating livestock and cash crops, on-the-shelf legume technology was
directlyto the farmers. As a result of the combined action of the extension services at
national agricultural research systems (NARS), about 2% of the cropland is u
cultivated fodder crops amounting to somedQ0 ha (Lhoste, 1990; Hijlop et al1991).



Although the drier margins of the semi-arid zone are considered largely unsuitab
StylosanthesS. hamataultivars thrived well on deep sandy soils when rainfall distributi
was favourable. While millet intergpping with cowpeas is the norm, diversification int
stylo-millet systems seems feasible.

Screening and evaluation

The evaluation process as outlined by Tarawali et al (pp. 81-95) and Hanson and He
(pp. 55-61) is based mainly on a single cultivar approach; promising cultivars were t
in separate trials in respect of their responses to rainfall, soildisegrapplication and
competitive ability through weeding experiments.

Emphasis on assessing the competitive ability of stylo cultivars became part o
broadened and longer term evaluation process in multi-locational trials (Tarawali ¢
pp. 81-95). Over the four-year testing period, plots were weeded during the i
two-years to ensure proper establishment. Thereafter, weeding was omitted to
competition with volunteer vegetation. Peters (1992) thoroughly investigated se
cultivars over a two-to three-year period with P-application and wet-season cuttin
remove competing weeds) as additional treatments to weeding; the low persister
Verano stylo and new stylo cultivars was at variance with earlier results but the cau
poor performance were not fully elucidated. Monitoring stylo seedling density and grc
together with the canopy cover development of competing plants throughout the grc
season would probably have thrown light on the dynamics of plant competition (e.
Leeuw et al, pp. 105—11i).

Given that — apart from several promising stylo cultivars — the screening of o
legume generaGentrosema, Chamaecrista, Aeschimeasee Peters, 1992) has widene
germplasm choice, evaluation could now be done in mixed stands of several stylo cul
possibly combined with other introduced legumes, in intra-legume compatibility stuc
and with either planted grasses or natural vegetation. Competitive dbilitidsbe tested
by varying space through weeding (as a proxy for varying soil moisture and nutri
availability) and manipulating light and shade through defoliation treatments and
timing as done by Peters (1992). Space is likelyto be the major factor in the early sta
growth while competition for light would feature in the later stages.

Competitive ability when sown with crops (Tarawali and Mohamed-Saleeri8p.
192) and rgzonses to protection against grazing (Diarra et al2pp-260) were tested
for several stylo cultivars. However, research should further explore appropi
establishment and management techniques that favour the combined legume

1. Recent work by Peters (1992) in Kurmin Biri showed that the competitity abVerano stylo was low,
despite high carry-over seedstocks producing seedling densities of 2403.21%)ymme yield dropped from
2.6 t/ha in the establishment year to 2.1 t and 0.3 t in the second and third year with volunteer veg
contributing 3.3 and 3.9t/ha, respectively. When three levels of P fertilisers (0, 27, 24)kgdte compared,
the response of Verano stylo was low when unweeded, yielding 0.8, 1.1 and 1.3 t of legumes accom
by 0.6-0.8 t DM/ha of volunteer weeds. Residual effects on total yield in thedsgear were large, rising
from 3.5 to over 5 t/ha but containing only 0.2—0.3 t of Verano stylo. In the third years Verano virt
disappeared and total yields dropped to about 1.5 8hguianensigcvs CT 136 and 181) performed
somewhat better. Second-year yields in non-weeded plots reached 1.4 and 0.4 t, but comprised only 3
12% of the total yield (Peters, 1992: 59). With three levels of P, first-yeaomess were large ranging from
0.8 to 4.0 t/ha of stylo in unweeded swards and from 0.6 to 5.2 t when competing herbage was cut bac
in the growing season. However, in the second year total yields dropp&d2d1.ha with stylo contributing
0.5t in the controland 0.7-0.9 t/ha where P was applied in the previous year. Unlike in Verano stylo s
weed competition was low amounting to 0.5-0.7 t/ha (Peters, 1992: 119; Tarawali et al, Table 8, p. 92
question arises why the competitive ability of both stylo cultivars was low after the first year. No monite
of growth was carried out during the growing seasons; hence, whether this failure was due to
germination, or dry spells kiling most seedlings has not been ascertained.



disadvantage the non-legume competition. The aimisto exploit coripgaibd potential
synergism within legume mixtures to counter competition from less desirable herbag

This screening and evaluation process mayrequire several approaches involving
focussing on:

- Seed mixtures and rates as done by Onifade et al (pp. 175-180) to investigate
effect on subsequent stylo-grass balance and productivity.

- Factorial combinations of cultivars sown at different seed rates subjected to se
levels of weeding and fertiliser application.

- Detailed phenomological studies to track individual cultivar behaviour witt
multiple-species mixtures to pin down their attributes. This would enable the strer
and weaknesses of each to be harnessed to enhance their combined synergi
determine optimal plant canopy manipulation.

- Cafeteria-style and other short-term grazing trials to investigate livestock prefere
and assess the impact of herbivory on intra-legume responses and on the ass
volunteer vegetation.

Seed production

Several aspects of seed production were covered; seed yields were highlighted
important attribute in the initial screening process (Yonkeu et al, pp. 97-102). !
production as an essential component of legume introduction into West African far
systems was stressed by Kachelriess and Tarawali (pp. 287-297) and Agishi (pp. 275
whereas the need to maintain large pools of soil seed stock for sustained productivi
demonstrated by de Leeuw et al (pp. 105-111).

Yonkeu et al (Table 1, p. 99) showed that stylo cultivars ranking highest in res
of herbage yield, were also good seed producers. Adding seed vyield to the ra
strengthened the selection process of a large spectrum of cultivars. Kachelries
Tarawali focused on the effect of the frequency and timing of weeding on seed vyiel
quality, and the interactions between time and method of harvesting. Thisresearch r
aimed at producing high quality seed and complemented earlier work by Agishi (1
who outlined optimal management procedures for maximum seed production coverir
entire process from establishment, grazing and weeding management, to time and m
of harvesting. When discussing labour requirements, Agishi (pp. 275-285) persua
demonstrated the strong linkage between labour costs for harvesting and subse
cleaning procedures.

The relevance of these studies should also be seen with respect to farmet
agropastoralists. The procedures recommended by Kachelriess and Tarawali and
are aimed at the commercial market where seed of high purity and germination ca
are major production goals. However, farmers may pursue high seed outputs to ke«
crop-stylo system going and harvest seed as a back-up to supplement on-site soil seec
Low-cost harvesting of uncleaned sweepings with low seed content or reseeding th
the manure pathway are major options as suggested by de Leeuw (pp. 325-334). Ho
since producing high biomass with high stylo content underlies successful seed prodt
the same strategies (grazing, weeding, fertilisers) recommended by AgisB&p285)
are equally applicable for producing high legume biomass for animal feed and mul
boost soil fertility.

Responses to fertilisers

In their review, Tening et al (Figure 1, p. 117) showed thpaeses to P of cultivars Cook.
Schofield and Verano. Optimum yields for cv Cook and cv Schofield were reached
kg of POs with first-year yields of 6.5 and 4.5t DM/ha, respectively. Residual yields in



second year decreased to 2.5 and 1.5 t/ha, respectively, but were still 50% and 65%
than the controls. Verano stylo responded poorly, yielding 2 t in both years acro!
P-levels. In later trials at the same site with r&wuianensisultivars, incremental yields
from P were similar (e.g. Tarawali et al, Table 8, p. 92; Peters, 1992). However, at an
site, Verano stylo showed a response of 1t (from 4 to 5t; Tening et al, FigurEl9) p.
whereas when a balanced nutrient mix was applied, this stylo produced 5t DM/ha i
first, and 2.4 t in the second year (Tening et al, Figure 5, p. 120). The lower yields il
second year are contraryto general trends: in most trials maximum yields were reac
the second year asreported by Agishiand de Leeuw (1986: 474—476) for styldamadlilis
by Mohamed-Saleem (1986) for Verano stylo and by Tarawali et al (pp. 81-9¢
multi-locational trials for several cultivars.

In the manual on fodder banks, Otsyina et al (1987: 10) recommended that 12(
kg/ha of single superphosphat22¢27 kg B0s) be applied at planting followed by ar
annual dressing @d0—-100 kg/ha (14-18 kgBs). These levels were higher than those
Winter et al (1989) who recommended 18 kg at planting and 5 kglsdd® maintenance
to retain Verano stylo dominance; they argued that higher levels would, when coml|
with the build-up of N in the soil from the stylo, lead to grass dominance in the long-t
Revision of P-fertiliser recommendations may be needed. Perhaps, nutrient manag
— instead of focusing primarily on fodder banks — should embrace the entire crop
and fallow cycle; this issue is discussed below.

Integration of stylos in rotational crop-fallow systems

Tarawali and Mohamed-Saleem (pp. 183-192) in Nigeria, Diarra et al (pp. 255-260
Fomba and Bosma, (pp. 261-269) in Mali have indicated that stable rotations with fle
cropping and fallow cycles are possible. The underlying biological basis for stable rota
isto retain a sufficient quantity of stylo seed in the soiland manipulate the carry-over ef
of seed stocks between years and between seasons within years. It was shown that
productive stylo pasture was established, it could subsequently be cropped for one
years and revert again to a similar stylo pasture without requiring re-seeding, pro
grazing management favouring the stylo was applied (Tarawali and Mohamed-Sa
Tables 2 and 3, p. 189).

To proceed from the cropping to the pasture phase, judicious management of
seedlings emerging under a crop canopy in the final year is essential. Otherwise,
density will be inadequate and growth too slow for plants to reach maturity. The ultir
aim of crop canopy manipulation is to produce sufficient seed for stylo regeneration i
first season ofthe pasture phase. With sufficient seed stocks in the soil, stylo can be w
out early in the season while relying on later germination waves to provide new seec
Delaying seedling emergence until mid-July or sixto eight weeks after the beginning c
rains had no effect on final yield, at least not in stylo-rich stands (de Leeuwet al, pp. 105-

Crop canopycover can be adapted by mixing early- and late-maturing crops or var
within crops. Harvesting the early crop and/or a strategic thinning of the remaining ¢
for livestock feed, opens the canopyin the second half of the growing <emkEshould
be combined with weeding to let stylo grow and set seed. The beneficial effects of ce
management of intercropped maizdlleh and pasture grasses on stylo seedling den:
and yield were reported by Agishi and de Leeuw (1986).

2. In western Kenya hybrid maize is planted very densely and gradually thinned to one plant per stand
six-week period; later the canopyis further reduced by leaf stripping. These procedures produced 1.5
during the cropping season, whereas weeill@ed another 0.5 t of dry feed (Semenye and Hutchcro
1992); these techniques could also be applied to irdppad stylo.



During the 12 years of research on large-scale fodder banks in the SHZ of Nig
emphasis remained on improving livestock output of Fulani agropastoralists with relat
large cattle herds (20—-100 head) for whom crop production remains a secondaryente
However, over time, small-scale farmers have shown increasing interest in devel
short-term micro-fodder banks (0.2—-0.5 ha in size) to function as improved fallows to t
subsequent crop yields. Many are also used during the rainy season as holding and
areas for goats; the animals are often controlled bytethering (Ikwuegbu et al, pp. 167-
These small fallows are easier to manage than large pastures and given the high labo
ratios, may receive more intensive management inputs. Therefore, on-farm testi
adapted practices within a dual context of long-term soil fertility maintenance and
production should be pursued.

Although manure and feitisers are mostly put on crops, long-term nutrier
management strategies should evolve that take into account the interactive and carr
effects of multiple nutrient inputs during the entire rotation of cropping and fallow. -
expected contribution from legumes, manure and in-organic fertilisers applied durin
cropping phases to increased soil organic matter and nitrogen content should be a
in an integrated and interactive manter.

Grain-forage cropping in the Sahelian zone

The introduction oStylosanthespp in the drysemi-arid zone with growing periods of < 1.
days has generally been unsuccesSfuhumilisvas sown in natural pasturesin Nigeria (¢
Leeuw, 1974) and in central Mali (rainfall 300—400 mmhwitit much success (de Vrie:
and Dijiteye, 1982: 434; Wilson et al, 1983: 121). Failure was attributed to surface c
preventing germination, dry spells killing seedlings and severe competition fiooak
species. However, when conditions were more favoui@hteimiliflowered and set seed
even when the growing season was < 90 days.

In the analysis to identify areas in West Africa suitableSfolnamataland with < 120
days of growing period was considered unsuitable, except for limited areas in Senega
and Nigeria totalling about 1.2 million ha (Mohamed-Saleem di98B). These sites are
confined to deep sandy soils associated with dunal landforms and classified as Are!
and Regosols (Mohamed-Saleem and de Leeuw, pp. 317-323). According to ICR
(1987: 52) these soils occupy about 20% of the areas with 60-100 days of growing p
covering 35 millon ha.

During 1986—89, sever8tylosanthespecies were evaluated on these deep sandys
S. fructicosaand three cultivars dd. hamatavere considered most suitable because
their short growing cycle (Garba and Renard, 1992: 44). YieldS.foamatg CIAT 147)
ranged from 2.8tto 5.3t DM/hain first-year crops and from 0.9to 16.7 t DM in second-
growth regenerating from seed. Stylo yields when intercropped wilt mre given by
Kouamé et al (pp. 193-201); in the year of sowing, forage yields were low (0.2—0.8 t
but second-year legume vyields were impressie fucticosaproduced 2.0-2.5 t/ha
compared with 2.2—4.7 t DM f@&. hamatgdKouamé et al, Table 3, p. 197). However, dL
to thisvigorous growth, millet grain yields were depressed averd@ihgg/ha as comparec
to 700 kg in pure stands.

3. A promising start of this approach can be found in Tarawaliand Mohamed-Saleem (pp. 186-187, F
la and 1b for maize), in which the effects of four different stylo fallows on maize yields are comparec
continous cropping and long-term grass fallows together with nine levels of N-fertiliser over a range of 0-:
of N/ha. These response curves show that without N-input, yieldsfollowing legume fallows varied from :
2.6 t grain/ha as compared to 0.3 t and 1.2 t after continuous cropping (3 years) and long-term
respectively; at 50 kg N/ha the range was 2.0-3.8t and 1.4 and 1.9 t, respectively (Figure 1a). Averag
all sites, the added effect of legume fallow was 1.0 t of maize at low N-input increasing to 1.2 t at higher
(Figure 1b).



Mixed farmers, who decide to grow both grain and leguminous forage as interci
can pursue several scenarios. Being a self-regenerating legume, Verano stylo can
within the millet system on a continuing basis. It can be manipulated by the fai
accordingto priorities through weeding and harvesting during or after the cropping se
The farmer’s overall strategy is likely to be governed by the amount of grain in store
previous years, total capital in livestock (cattle, small ruminants) and, perhaps,
resources. By manipulating the legume crop (regrowing from seed stocks of the pre
year), the farmer can opt for combinations of grain and feed output. Predictior
expected grain yields early in the season are feasible, so the grain vs feed strategy
adapted while the rainy season is progressing. For instance, the fields can be mor
and part of the land dedicated to produce more feed and less grain or the reverse. Tt
prerequisite for strategy decisions is that the farmer has, in each field, sufficient lec
seed stock to carry out these switching tactics. This may mean that a back-up seed
to replenish areas of low seed content or undersow new millet plots is required. Stor:
legume hay or manure with high seed content (from livestock having grazed or cons
hay with high seed content) may provide a supplementary seed source.

Economic considerations may predicate farmers’ decisionligis et al,1992). In
poor rainfall years, emphasisivbe on producing millet grain; prices of grain go up an
cash returns from surplus millet are likelyto be favourable, while at the same time, live:
prices decrease. Thus the ratio between grain and livestock prices willpiserinainfall
years. In good rainfall years the reverse is true; millet prices will drop and livestock p
will be high. As farmers feel secure because of grain self-sufficiency, they may sell su
grain to buy livestock, hence livestock prices remain relatively favourable due to
demand. Therefore, production of stylo as livestock feed would occur in good years,
farmers can afford to grow feed together with grain.

Livestock production and grazing management

Although the major aim of fodder bank establishment was to increase livestock produc
mainly through providing legume herbage to grazing stock in the dry season, few p
covered thistopic. Maniet al (pp. 155-165) implemented the recommended use, i.e.f
grazed FB for four hours daily fd50 days from early January to JuAhuring the first
three months they lost weight; about 20 kg per head in 1990 (Mani et al, Table 3, p.
and slightlyless in subsequent years (Mani et al, Figure 1, p. 160). These weight losse
not related to inadequate Verano stylo available for grazing, as stocking rates were
these rates decreased from 0.7 TLU/ha per six months in 1988 to 0.1 TLU in 1990
stylo yields of 1.2, 2.1 and 3.7 t/ha at the start of grazing in January containing 10%
protein (Mani et al, Tables 1 and 2, p. 158). In all years th@plating performance on
FB indicates that restricted grazing for four hours a day in the latter part of the dry se
is suboptimal management.

Inadequate P and Na content of Verano stylo in the second part of the dry see
eloquently demonstrated by Little and Agyemang (pp. 147-153), who reviewed Austr
and Nigerian data sources. Peters (1992) showed that in the late dry season, N ¢
averaged 1%, P-concentrations were always below0.10% and Na below0.01%. Lowc
was compounded by rapid leaf fall. ;1 hamataleaf content of total herbage was 40% i
the early dry season, 5% in the mid-dry and 2% low at the end of the dry season,
comparable rates f@. guianensiwere 50%, 25% and 10%, respectively (Table 1). Simil
declines of stylo forage from 2.0-2.2% of N in October to 0.9-1.2% in April were repo

4. The recommended stocking during a six-month dry season (December—May) consists of 20 cows gr
4-ha fodder bank for 2.5 hours each day (Ajileye et al3ff—316). This grazing pressure is equivalent t
an annual rate of 1.3 TLU/ha. Assuming an hourly intake of 1 kg DM/cow, total herbage removal v
amount to 9t of feed or 35-55% ofthe total standing biomass (4.0to 6.5t DM/ha) available earlyin the dry:



Table 1. Plant components (%) and their nutritive value ®fhamatacv Verano (S.H.) ané.
guianensisv CT184 (S.G.) at the start and end of the dry season.

Beginning of dry season End of dryseason
S.H. S.G. S.H. S.G.
Plant composition (%9
Leaf 40 50 - 2 - 10 -
Stem - 60 - 50 - 40 - 70
Litter - - - - - 58 - 20
Nutritive parameters
NP% Leaf 2.6 2.2 - 1.6 40.6 1.6 -
Stem 1.0 1.0 - 0.8 - 1.0 -
Litter - 1.0 - - - - - 1.0
P% Leaf 0.13 0.14 - 0.06 - 0.06 -
Stem 0.13 0.07 - 0.03 - 0.02 -
Litter - - - - - - - 0.04
d% Leaf 62 - 60 - 58 0.05 60 -
Stem 45 - 37 - 32 - 40 -
Litter - - - 60 - 50 - 650

Source: Adapted from Peters (1992).

by Mohamed-Saleem (1986: 343). Quality losses are particularly severe early in th
season when relative humidity drops causing heavy leaf loss in Verano stylo and a fa
from 2.8% in mid-September to 1.2% in December (Agishi, 1982). This seems to ind
that stylos (in particula. hamatashould not be grazed after December if large weic
losses in cattle are to be prevented.

The impact of micro-fodder banks on small ruminant productivity was highlighte:
two papers (lkwuegbu et al, pp. 167-174; Onifade et al, pp. 175-180). In on-station
productivity of pastures was determined across a series of wet season stocking ratesi
from 300 to 1200 kg or 12 to 70 head/ha (1.1-2.9 TLU/ha when adjusted to a six-Ir
grazing period of live weight/ha). Gains per hectare were similar, ranging from 100 tc
kg/ha for rams in the National Animal Production Research Institute (NAPRI) and f
81 to 109 kg for breeding does in Abet.

In Abet, when plots were stocked at 30—-40 goats/ha over 3.3 months, total he!
and stylo yields before and after grazing remained constant indicating that herbage re
balanced growth (Ikwuegbu et al, pp. 167-174). At NAPRhalgh the small stylo
fraction was eaten out in the first year, grass yields (ma&thlpris gayana declined by
35-40%; nonetheless, 5-6 t DM/ha was left at the end of the grazing period (Onifade
pp. 175-180).

High productivity of Verano styloSenchrus ciliarigpastures in NAPRI when grazec
by heifers was reported by Agishi (1982); over a range of 0.5 to 1.5 TLU/ha ov
seven-month grazing period (April to October), average liveweight gain per hec
increased from 105 to 293 kg with average daily growth rates of 0.4 kg/day across all
During the four-year period, Verano stylo content in the sward increased from 10 to
at the lowest rate and from 14 to 60% at the highest rate.

These findings seem to indicate that systems of year-roulightion of stylo-based
pastures and fallows should evolve to fully exploit their potential for livestock product



Timing of use at the right grazing pressure is crucial and requires an intimate know
of the growth dynamics of the plant components in the grazing area, be they stylo, g
or forbs. Potential scenarios of use should be tested — preferablyon-farm —that can:
the requirements of the farmers’ livestock and the perceived production goals. T
potential feed budgets should be designed that take into account all potential
resources, including fallows, crop residues and the communal grazing lands to \
farmers have access. Development of quantity and quality profiles by month would
in designing optimal feed allocation matching animal requirements by species and ag
groups within species. Reliance on models seems essential to cover the complexi
multiple choice permutations in crop-livestock systems.

Future research

Investments in fodder banks are high at establishment, whereas maintenance costs
the legume phase included fence repairs, reseeding and fertilisers (Otsyin]aQéV)aﬁ,
To assist the extension of the technology, fairly strict procedures for establishment
laid down (Ajileye et al, pp311-316; Tarawali and Mohamed-Saleem, pp. 183-1¢
recommending seed and superphosphate rates, timing and rate of use by livestock.
be opportune to re-assess these recommendations in the light of changes in the
structures of commodities (livestock, milk, grain), of feeds (salt licks, high protein ca
and inputs (seed, faliser, fencing posts, barbed wire). Hence, thersxmic analysis as
given in Otsyina et al (1987heuld be recalculated not only employing new price rati
but also in the light of the findings contained in these proceedings.

The following issues may need review: the initial method of seed-bed preparation
out of the need to introduce stylo in savannah land that had never been cultivated
rotational use of legume pastures in cropping cycles becoming more commonillateer |
and seeding technigues may be required. For instance, pocket seeding in open pat
fallows with superficial hoe tillage may be tried.

As soil fertility may be enhanced in previouspping, P-applications may be reduce
or applied later rather than as a mixture with seed at establishment which is likely to f:
both legumes and volunteer species (Peters, 1992). Pocket application to promisin
stands may be worthwhile, preferably combined with spot grazing to weaken
non-legumes. If local seed harvesting can be encouraged, seed may become ct
justifying higher rates.

Changes in land tenure towards privatisation may reduce the need for expe
fencing; hence, tethering stock will become more feasible allowing localised sele
grazing pressure early rather than late dry-season grazing, as recommended by Ma
(pp. 155-165) and Peters (1992). This would fully exploit the high feeding valuesand re
the risk of fire later in the season.

Some of these new management techniques require further research, although
can be achieved in farmer-managed, simple “observational” trials. Consequently, the
of scientists will consist mostly of providingputs, advice and encouragement and
collecting relevant data, in particular on the labour inputs required. This is essential
many innovations advanced by research and extension personnel are rejected b
farmers have other priorities to optimise their labour (e.g. Mcintire et al, 1992; Ander
1992).

5. When the recommendations for fodder banks were first formulated in th&@20%; single supphosphate
could be purchased f& 21/100 kg, comprising only 5% of the established costs. The main investment
were fencing® 1500) and seed\(480), when the exchange rate was about 1 Naira to US$ 1.



In conclusion, despite the number and variety of papers, several gaps ir
“state-of-the-knowledge” were identified justifying further research on the follow
issues:

- Multi-purpose management of fodder banks and fallows involving the optimisatio
grazing over time and in space to enhance the competitive advantage of stylo
volunteer vegetation. This would promote the sustained yield and long-t
reproductive performance of stylo.

- Integrated fertility maintenance through long-term research on the synerg
between fertiliserrnputs (at the installation and during the cropping phases) and
contributions from stylo to soil organic carbon and nitrogen content to optimise «
and livestock output per hectare.

- Assessment of actual and potential benefits to livestock performance and outy
biological and economic terms for each of the four farming systems. This may re
a thorough scrutiny of available data combined with various modelling activi
including component submodels (grass—legume feed supply, livestock perform
from feed etc) and a wholistic mixed farm model that integrates the submo
Extrapolation from individual farms to larger spatial entities should be attempte
forecast how integrated crop-legume-livestock systems may contribute to incre
food production, and enhanced resource management in the West Afl
subcontinent.
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