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Abstract. lliese are various ways in which farmers deliberately incor'porate trees an'shrubs on Lino productioii fields. Many of the species so incorporated are legunes. Therole of such wkod.,. perennials in a.roforestry systems cat be productive and/orprotective. LcIMnes otler by tar the tmaxitmun range of choice of woody specie, for
agro'olestrv in teruts ot their eCOnloml1ic uses as well as ecological adaptability. Ill
addition to thie SeCdal le'1toil n speciess W,1o1.1%- that are well kino%%n illagrotorc stry,there are man\ morc phlu,,ciotentials hase not yet been tully undersoud. An evaloation 
ispresented t tl1e :ivrtFLo esirv pk entials of a fC\ leguininous secies from the ,oint oi1eis. of !ieir grmtiilli1,1;mct, istics. ecological :daptailit\, comibinine abil,t witij olherspecies alldlises/flltctions. Fhe sCienmlof agroforestry is still itt its infancy. ,here existsii ;esearch dala oilthe \'riotis itile aSpec.ts Of thltllenlt 'se potent' '1)' promisinti group
o plants. IRA I:, in as international 

seseral multiptUrpose Lijlo1S and 


its cii' ILity a research counci, has assembled 
lhgti tree! shrubs of agroforestre potential at theI,ouncil's recentl -established Field Station ill Machakos. Kenya, primarily for demon­

stration and training purposes. Inijal results fnom these trials are presert'e I in tie paper. 

Introduction 
integrated klad ttse sysl,'ins that have now conie to be (alled agroforestry 
have been illexistene since very early times, in some form or other, in dif­
feretll
parts of tle world. But such systems and practices had hitherto been 
bypassed, if not neglected, by researchers and other experts and consequecvly
have not beet: a part of the resottrce-rich farming. I lowever, the trend is now
 
changing, 
and these systems are now 'eceiving scien tifi2 attention. Increasing

depetndance o' tnodern agricultural techIology On high-v2,he inputs on 
the
 
one hand anid the deteriorating ecollOlnic situation of 
 lost of the devclo ing

countries otl thl, other, have caused 
 a renewed awareness about the pro­
dtuctive and protective value of trees, and the rcalization of the potentials of
 
age-old conservation farming technologies.
 

Ill spite of tIte trtetendous amount of interest on agroforestry, quite a bit
 
of col ftusioll attbigttis
and pre.ails as to 'what is agroforestry?'. Various
 
deftuitio'ts have 
 been suggested for agrofOrestry Systems, vol. 1, pp. 7-12,
1982). lowever, as opined by Nair (1983a), it is generally agreed that agro­
forestry represents an appt:,acl, to integrated land Itse involving deliberate 
mixture or retention of trees and other wood) perennials in the crop/anitmal 

Adapted from a piper presented at the International Symposium on Nitrogen Fixing
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production fields. The concepts and pri'ciples of agroforestry are now fairly 
well elucidated (for example, Lundgren 1982; Lundgren and Raintree, 1983; 
Torres, 1983a; and so on). Similarly, the potential role of agroforestry in 
diverse situations has also been highlighted by various authors; for example, in 
the fragile or marginal environments (King, 1979; Chandler and Spurgeon, 
1980); in soil conservation (Luridgren and Nair, 1983); in high-potential lands 
(Budowski, 1983); in areas with insufficient rural infrastructure (Lundgren 
and Raintree, 1983); in combating deforestation and forest destruction (King, 
1980) and so on. 

Agroforestry systems and woody perennials 

State-of-the-art 

If we look at the existing land use systems keeping the broad concept of agro­
forestry as outlined earlier in mind, we find that several types of agroforestry 
systems abound around the world (Nair, 1979; 1980; 1983b). The Inter­
national Council for Research in Agroforestry (IC.RAF) is currently under­
taking a global inventory of such existing agroforestry systems and practices. 
As a basic document for the project, a preliminary overview of the agro­
forestry situation in the developing countries was prepared, indicating the 
most prominent exariples found in the different regions. An abstract of that 
document, including the summary Table of agroforestry systems can be 
found in the project announcement that appeared in 1983 in several 
international journals, including Agroforestry Systems (1(3), pp. 269-273). 
Though based on the existing knowledge prior to the conmencement of the 
formal survey phase of the project, the Table shows the diversity of agro­
forestry systems and practices. Without going into the details, suffice it to say 
that there are several ways in which farmers deliberately incorporate different 
types of woody perennials in their crop/animal production fields; see, for 
example, Okigbo (1977); Huxley (1983): Neunhaeuser (1983); Torres (1983a). 

A closer examination of the woody perennials so used reveals that most of 
them are legumes. Based on the literature survey conducted by ICRAF for 
the earlier-mentioned global inventory of agroforestry systems, some of the 
most prominen", examples of leguminous (and other nitrogen fix'ng woody
perennials) that are currently used in agroforestry systems in the tropics and 
subtropics are given in Table 1. 

Role of woody perennialsin agroforestry 

In general, the role of woody perennials - including tle leguminous ones - in 
agroforestry can be termed as productive and/or protective depending upon 
the dominant function(s) of such species. 
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Productive role. The productive role includes production of food, fodder, 
firewood and various other products from the woody perennials in agro­
forestry systems. One of the most promising technologies of this kind that is 
applicable in a wide range of situations is the hedgerow intercropping in crop 
production fields. The practice involves grc-.ving arable crops in the spaces or 
alleys between - ch hedgerows; the woody species is pruned periodically
during the cropping season to prevent shading ad to pru;'j,! green manure to 
the arable crop. Promising results have been obtained from this type of 
studies conducted at the International Institute of Tropical ). ricultu re 
(IITA), lbadan, Nigeria (Wilson and Kang, 19LI), where the practice is called 
alley cropping. The most promising system based on those trials is Leucaena 
leUcocphlala/maize alley cropping. IITA studies showed that leucaena tops
maintained maize grai' yield at a reasonable level even with no nitrogen input 
on a low-fertility sandy Inceptisol, the nitrogen contribution by leucaena 
mulch on maize grain yield being equivalent to about 100kg ha- ' for every 
10t ha -' of fresh prunings (Kang e!'., 1981) The hedgerow intercropping 
system offers the advantage of incorporating a woody species with aiable 
farming system without impairing soil productivity and crop yields. The 
potential of nutrient (N) contribution by several candidate species of woody
legumes suggests that a wide range of such species could be integrated into 
crop produc an systems. By adjusting the inter-row spacing of the woody 
species, mechanized equipments could be used, wherever deemed desirable,
for various field operations connected with cropping. Moreover, the trees can 
be cut back and kept pruned during the cropping period and leaves and twigs 
applied to the soil as mulch and nutrient sources, an. bigger branches used as 
stakes or firewood. Rese:irch on these various aspects of hedgerow cropping 
system is in progress in various places ,tround the world. 

lntegra,-in of trees in crop production fields is an essential part of 
traditional farming systems in the dry regions also. Two typical examp!es are 
the extensive use of Acacia albida in the groundnut and millet productiv,1 
areas of sub-Saharan Africa (Felker, 1978) and the dominant ia)le ofProsopis
cineraria in the arid North-western parts of India (Mann and Saxena, 1980).
The role of woody perennials on farmlands for producing fuelwood is another 
example of the productive role of the species in agroforestry. The seriousness 
of the fuelwood situation has been well recognized all over the world, so that 
several initiatives and studies on this aspects are currently being undertaken. 
Several fast-growing firewood crops, most of them legumes, suitable for dif­
ferent environmental conditions, have been identified (NAS, 1980), and most 
of them combine well with conventional agricultural crops. 

In the 'animal agroforestry' systems, the woody components could be used 
either a- a source of fodder to improve livestock productivity or to obtain 
another commodity such as fuel, fruit, or timber. Based on this 'productivity 
objective', silvopastoral systems can be grouped into browse grazing and 



Table 1. Somc leguminous woody perennials currently used in tropical/subtropical agroforestry
Species System/practice 

Major eco-zone 
Dalbergiasissoo (SPj cut and carry fodder prod.
Derrisindica tropica! highlands(AS) multipurpose trees on farms arid/semi-arid

(SP) cut and carry fodder prodDiphysa robinoides arid/semi-arid(AS) livefences/shclterhelts
Enterolobiumcyclocarpum hutnid/sub-hun id(SP) shade/browsc trees in pasture huruid/sub-humidErythrina abyssinica SP) livefences/shelterbelts tropical highlands

(SP) cut and carry fodder prod. tropical highlands(ASP) crop/tree/livestock mix around homesteadsErythrinapoeppigiana tropical highlands(AS) shade for commercial crops humid/sub-humid 
Gliricidiasepiunt (AS) shade for commercial crops tropical highlandshumid/sub-hunmid 

(AS) livefences/shelterbelts humid/sub-humid
(AS) tree gardens humid/sub-humid
(SP) cut and carry fodder prod. humid/sub-humidriga edulis (ASP) crop/tree/livestock mix around homesteadsiiuilIngaInga feicuil (ASP) crop/tree/livestock mix around homesteads(AS) shade for commercial crops huntid/sub-humid

Inga tera humid/sub-humid(AS) shade for commercial crops humid/sub-humid 

Lespedeza bicolor (AS) agroforestry fuelwood prod.(AS) multipurpose shrub on farmlands humid/sub-humid
humid/sub-humid 

(AS) agroforestry fuelwood prod. humid/sub-humid(SP) cut and carry fodder prod.Leucaenaleucocephala humid/sub-humid(AS) shade for commercial crops humid/sub-humid 
(AS) agroforestry fuelwood prod. humid/sub-humid(AS) hedgerow (alley) cropping humid/sub-humid(SP) cut and carry fodder prod. humid/sub-humid
(ASP) woody hedgerows for browse, mulch, greenmanure and soil conservationLeucaena esculenta humid/sub-humid(AS) shade for commercial crops humid/sub-humid 

Countries 

India. Nepal
 
India
 
India
 
Costa Rica
 
Costa Rica
 
Ethiopia
 

Ethiopia
 
Ethiopia

Costa Rica
 

Costa Rica
Brazil. Costa Rica 

Philippines
Costa Rica, Indonesia 
Indonesia 
Panama 

American tropicsMexico 
Puerto Rico. West Indies 

West Indies
Korea 

Korea 
Korea 
Nigeria. Papua N. Guinea 
Philippines 
Nigeria 
Philippines 

Philippines 



Mimosa scabrella 

Parkiabiglobosa 

Acaciaalbida 

Acacia aurictliforinis 
Acacia ncarnsii 

Acacia senegal 

Acacia scal 

Acacia tortilis 

Albiziafalcataria 
Albizia gunnifera 
Albizia lebbeck 

Albizia stipulata 
Ahnus acuminata 

Andira inermis 
Cafanus cajan 

(AS) multipurpose trees on farmilands 

(AS) agroforestry fuelwood prod. 

(AS) tree gardcns - multispecies 
multipurpose associations 

(ASP) crop/tree/livestock mix around homesteads 
(AS) agroforestry fuelwood prod,
(SI) multipurpose fodder trees 
(AS) agroforestry fuclwood prod. 
(AS) agroforestry fuelwood prod. 

(AS) multipurpose trees on farmlands 

(AS) agroforestry fuclwood prod. 

(SI) multipurpose fodder trees 

(SP) shade/browse trees in pasture

(AS) agroforestry fuclwood prod. 

(SP) multipurpose fodder trees 

(SI) shade/browse trees in pasture

(AS) agroforestry fuelwood prod. 

(SP) shade/browse trees in pasture 

(SP) multipurpose fodder trees 

(AS) tree farms 

(AS) shade for commercial crops 

(AS) shade tor commercial crops 


(SP) cut and carry fodder prod. 

(SP) cut and carry fodder prod. 

(AS) shade for commercial crops 

(SP) shade trees in pasture 

(AS) shade for commercial crops 

(AS) multipurpose shrub on farmlands 


(AS) livefences/shelterbelts 

(AS) agroforestry fuelwood prod. 


lhumid/sub-hunid 

tropical highlands
humid/sub-humid 
tropical highlands 
humid/sub-humid 

arid/semi-arid 
arid/semi-arid 
arid/semi-arid 
humid/sub-humid 
tropical highlands 
tropical highlands 
arid/semi-arid 
arid/semi-arid 
arid/semi-arid 
arid/semi-arid 
arid/semi-arid 
arid/semi-arid
arid/semi-arid 
arid/semi-arid 
arid/semi-arid 
humid/sub-humid 
humid/sub-humid 
humid/sub-humid 

tropical highlands 
aimid/sub-liumid 

tropical highlands 
tropical highlands 
tropical highlands 
humid/sub-humid 
arid/semi-arid*humid/ 
sub-humid 
arid/semi-arid 
arid/semi-arid 

Brazil 

Brazil 

Brazil
 
Central African Repub.
 

Ethiopia. Niger 
Niger. Senegal 
lthiopia. Senegal 
Papua New Guinea 
Indonesia, Kenya 
Indonesia 
Sudan 
Kenvy. Sudan 
Ken" . Sudan 
Sud;. n. Upper Volta 
Ktn.va. Sudan 
Senegal. Sudan 
India. Kenya, Sudan 
Kenya, Senegal, Sudan 
India, Kenya. Sudan 
Philippines 
Cameroun 
India 

India 
India 
Nepal 
Brazil. Costa Rica 
American tropics 
Brazil. Costa Rica 

India 
India 
India 



Table 1. (continued) 

Species 

Calliandracalothvrsus 

Cassiasiamnea 

Ceratoniasiliqua 
Colophospermum inopane 
Parkia clappertoniana 
Parkiaspeciosa
Pithecellobiumdulce 

Prosopisafricana 

Prosopischilensis 
Prosopiscineraria 

Prosopisfuliflora 

Prosopistamarugo 

Pterocarpussoyauxii 

System/practice 

(AS) agroforestrv fuelwood prod. 
(AS) multipurpose trees on farmlands 
(ASP) woody, hedgerows f.)r browse, mulch, green 

manure and soil conservation
(SP) cut and carry fodder prod. 

(AS) tree gardens-multispecies, multipurpose 


species ass.
 
(AS) agroforestry fuelwood prod. 


(ASP) crop/tree/livestock mix around homesteads 
(SP) shade/browse trees in pasture 
(SP) multipurpose fodder trees 
(AS) tree gardens-multispecies, multipurpose 
(AS) tree gardens 
(AS) livefences/shelerbelts 
(SP) shade/browse trees in pasture
(SP) cut and carry fodder prod. 
(AS) tree gardens - multipurpose. 

multispecics associations
(SP) shade/browse trees in pastures 
(AS) multipurpose trees on farmlands 
(AS) agroforestry fuelwood prod.
(SP) cut and carry fodder prod. 
(Sp) shade/browse trees in pastures 
(AS) agroforestry fuclwood prod. 
(SP) shade/browse trees in pasture
(AS) agroforestry fuelwood prod. 
(SP) shade/browse trees in pasture
(AS) tree gardens - multipurpose 

multispecies associations 
(ASP) crop tree livestock mix around homesteads 

Major eco-zone 

humid/sub-humid 
humid/sub-humid 
humid/sub-humid 

humid/sub-humid 
humid/sub-humid 

hunid/;ub-hulnid. 

arid/semi arid
huumid/sub-hurnid 
arid/semi-arid 
arid/semi-arid 
humid/sub-humid 
humid/sub-humid 
arid/sei-arid 
arid/semi-arid 
arid/semi-arid 
humid/sub-hUnid 

arid/semi-arid 
arid/seni-arid 
arid/semi-arid 
arid/seni-arid 
arid/semi-arid 
arid/semi-arid 
arid/scmi-irid 
arid/semi-arid 
arid/semi-arid 
humid/sub-humid 

humid/sub-humid 

Countries 

Indonesia
 
Indonesia
 
Indonesia
 

Indonesia
 
Cameroun
 

Sudan 
Nigeria 
Middle East 
Zambia. Zimbabwe 
Nigeria
Indonesia 
Phiippines 
Itawaii 
Philippines 
Nieria 

Bolivia. Chile. Peru 
India 
India 
India 
India 
Haiti 
Middle East 
Chile 
Chile 
Nigeria 

Nigeria 



Samnanea saman 

Sesbania bispinosa 

Sesbaniagrandiflora 

Tamarindusindica 
Trema orientalis 

AS = Agrosiiviculture; SP = 

(SP) shade/browse trees in pasture 
(ASP) tree/crop/livestock mix arour.J homesteads
(AS) multipurpose trees on farmlands 
(AS) agroforestry fuelwood prod. 
(SP) cut and carry fodder prod. 

(ASP) woody hedgerows for browse, mulch, green 
manure,' soil conservation 

(AS) livefences/shelterbelts 
(AS) tree gardens 
(AS) shade for commercial crops 
(SP) shade/browse trees in pastmre 
(SP) cut and carry fodder prod. 
(ASP) woody hedgerows for browse mulch, green 

conservation 
(ASP) crop/tree/livestock mix around homesteads 
(AS) multipurpose trees on farmlands 
(AS) shade for commercial crops 
(AS) agrolorestry fuclwood prod. 

Silvo-pastoral; ASP = Agro-silvo-pastoral 

humid/sub-humid 
humid/sub-humid
humid/sub-humid 
humid/sub-humid 
humid/sub-humid' 

arid/sem i-arid
humid/sub-humid 

humid/sub-humid 
humid/sub-humid 
hunlid/sub-humid 
humid/suk-humid 
humid/sub-humid 
humid/sub-humid 

humid/sub-humid 
humid/sub-humid 
humid/sub-humid 
humid/sub-humid* 

tropical highlands 

American tropics 
Nigeria
India. Vietnam 
North Pakistan 
India, PakistLn 

India, Pakistan, Vietnam 

Indonesia 
Indonesia 
Malaysia 
Indonesia 
Indonesia 
Indonesia 

Indonesia 
India 
Philippines 
Indonesia 
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forest/plaitation graizing systems. The role of woody perenials ill these 
systelis has been reviewed excellentl byhITurres (I t)X3h). 

Protecti't ro/e. The protective lole 1'.0w0tdl , pernils in Jgrof'oresrI v stenis 
froll their soil iiploviii nitn soil coiiserviiic funictions. Thelre are various 
avellues througl which tile leCuunhloUS wooI peretnials 1-0ild iillluro\e ;lt]
eiirich soil cutlditio : tihese ificliide fl tio.i of, attJtosplieric initrogell, 
atddition of oliaiuic nlttel tilli Iltterfah111tha dead til tlecayhtg oots, 
iii0ttifiCatitil) 01 Soil 14I1)sit\' atd iiiiltirilitu rates letding tt0 reduced crol­
ihility of So)il anti ilir)rtvilig tIle eficiency of ,iitrieiit cycling withil the soil­
plait systicn (Nair. 1984). lowt'ever, the li:ni protective l'iuctioi of wo+ody 
pereiiiiahs is ill phy\ Ical Collselvatioit of the Soil. 

Tlce plIlai ll Utl]i-i Coiiotis is Vh.itelv iec tutenliided oth to reLuce 
1run1off allt p otect lelraces wherever sucI.h lphtysicdl Soil COtiSel"atitll llaeSLeS 
are adopteld ( fr exauitle. see Weiimer, I Q O). This soil coiservatito benefit 
of wootdy peleunials cail coutveiiieitly be exploited in agrof orestry if tile 
ChiseIl speCies caii I)rtvide atlitioitdalbeniefiis and tll tuts such as fodder, 
fiel, woiod, 100td. etc. lhe IW tiratlition of"phiinting Lcu'ucn'a /cucocm(t'/)h/la
 
ill colitoilr hime,es fo elosimIi C0iito0l :tilt 
 Soil ilillprmVelllii t ill Souithe~aSt 
Asia, especialy Inmhesia, is :i typical example. Indirect terraces are also 
formed when the w.dshetd-0ff somil is Collected belintl the hedges. lmppitlgs :till 
prtlligs frmoll such heduelrow species could als provide mulch to aid inl pre-
Venitiilg shietclosiml betweel trees (Zeuiiet, I 9N I: Neuimiai. II3). The 
plesence mon"Ilire p'dl cover oil tlte soil, either alive or ,is lnnch, Aulsm reduces 
tile impact of' riildrops on tile soil alld thus nlillillli/,es splash ndllldsheet 
erosion. Tlherefb're. as poiltled oit h\ Lttndgren atll Nail (I 83). the 
potential role olf alr'orestly in soil CmtlserLatioll lies tot oll\' ill woody

peIennials acting as a physical barrier 
 against erosive forces, but also ill 
providiti tnlclh and/or fodder tll I'wooldhOl at tile saute tilne. Otlier pro­
tective fitictioiis of woody pereiials ill agrolfOuestry inchlde their role as live 
fences, shelterbelt:s and wiiidbrcaks. U,;e Of trees and other woody l'pereitutials 
to protect agricutltural fields It'10l trcpassiitlg as well as the adverse effects of 
wind is a wide-pread practice ill miany agricultural systems. [l example, a 
large nuilmber of multipurpose voody perennlialS a' beillg used as effective 
live fences at (ATII (Centro Agrontoimico tro)ico) de Investigacion y 
Ensenanza), Tiirrialba, Costa R ica (Budowski, I9S.3). Similarly, very
encouraging results on shelterbelis lild windbreaks have becim obtained at tile 
Pakistan Forestry Research Institute, Ieslhawar (Sheikh tilt] ('hiita, 1976 
Sheikh and Klialitlue. IC92). Darmuhol'e (198)2) eXmlllitetl the physical, 
ecological aiid bioLotical comsideratiolis involved ill the design of agroforestry 
shelterbelts and felt that tile design has to be site-specific depeliding otl a 
large number of' factors such as itmajor compoments of' fartiiiug systems (crops/ 
livestock), desired pattern of' windbreak (simnple, multiple (successive), 
network system (with or without secondary iedgerows) and s5 O t. 
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Leguminous woody perennials for agroforestry 

lrInl tile Ir)eCille. 1 IISevidc ttllat legnites !"re not tileonly woody species 
11iat1 have p''L-llnial I0le illarml'tlrV. IIiiwever, tilefamily Leglmllhosae 
i1f1crs i fai th1 I0l\itinllhnunl alnleettchoiCe oi)fwo)dy SpeCies foragrol'orestly 
ill elnlS of, 1lleil ciilluliC tses as well as ecoloilcal adaptability. Conpared 
\\ti i t!]ciiCIIIltilmIllii> C%\m)\ii pelclillials Ihatare useful ill aprofkOrestry, tile 
leCiliIle ha,:ve lie Atdd lad\MIItale .le.ditheir cap: hiblity I'oi fix­c se litrogeil 
atill. :\llhtiliihi mleslie hu)t the umily nitliiuen fixers (oithers ilclude, for 
exanmpic ile MIid ( Jisuariw), a;ud all lCgtneCs are noticecra <Ihns triliCal 

Ilecess.l\v N-ixcl,. there is a u2raI c Cy, clhit to elateerroineOtIsly,

N-fi\aihuli e.,itl
levtimcs. AS pointed ou by Biewhaker and Ta Wei 111. 
( Ol I i1e I , t)(it) species Of the l.uly l.eetllilusie inclule the Vast 
Inlaimmt t iuiulal t IlloeclI IixIme trees. Ot1 o thle species tested by the 
aIlIhils. i lihehh piiipoltiuill (I' tileIIlit titiosols ()2';) and papilionoids (()4%) 
\ere a le t, ititlogel, in 11asted with caesalpinioids (34 ). For adetailed 
, lIiC u i I llehI il , ,, )(1,legumes illagiof'Mestry vis-,-vis N-fixation, 
see N irI-),-.1) 

Plants. especiallv w)idy species, that have hitherto been very little studied 
ilav pluve tlcilelves tiohe verv valtuaible I'magrlofbrestr-v. Prine candidates 

wkill he pclce thuit call gruv well with )thlerspecies, that canl thrive in 
.liVilI0I lC I li ..tuu harsC,)h iLWmll ii,1105 thel species, thatl Simulltaneously 
el, p1,uiltt I ,U fuel,i era (IL d. fOdler), that enrich tile micro-site such asAn tixall effic.ientb, ),ell1( . l ient cycli g or addition o' organic latter 

ti the Noi1ll uillt h ittllfall , d 1t(t01 CX ,.ldattes al d decax,. Grox th habits of'
 
slch species with repect tlcil ahii'e-,Vi il lk 3ld below-ground parts will
 
also ht:(if ,.)lsi ielahle sielIt1icaIlice. Witlh this huilIC list o1 attributes it would
 
he piissihlc tii prepale 
a cieck-list i)Icharacters to look for, or suggest sonIC
 
idettype, 1s forn
iwuiddy plants aer'ifirestly. Althoutgh such approaches are 
certainly uselul ill the lng-term selection priocess, expediency demands that
 
we look f ir smle iif' these chrmacters in tie trees that are commonly found
 
to exist ill a'cilculIural lands either mixed With agricultural crops or other­
wise etailled delilerately. Several such studies have recetly been initiated in 
val iuls l)laCes (G. Poulson. -l1) personlal cOIultmunication about 100 
woody species tllat are p )teltially suitable for agroforestry in Kenya; NAS, 
1)75: 1)79: 198(0: Ileclit, 1982: etc.). Ihowever. such studies are often not 
necessarily lilylited to leguLltes. althoUghl legunLes domninate all the lists, as 
Illell
tiilled earlier. Sot1e seCli studies are also being undertaken exclusively on 
ecolnmic:llly inmportalt nitriogel fixing tree species (for example, Vergara, 
I982: Brewhaker et al.. 19 83). 

In additiill to tileuitrogen-fixing capability, llany o1 tile legLnnirnous 
woody perelIials have other muliple out)ut nature alid functions as 
described elsewhere in this article, which make them eminently suitable for 
agrolo)restry. A StInIItlary of characteristics and descriptions of a few such 
XW ody legumilnlus species antd their potential role in different agroforestry 



154 

Table 2a. Characteristics and uses of sonc leguminous and other nitrogen fixing woody 

l cological adaptability
 
Species
 

00 

0 E E*> 

E< - :5. ." Soil conditions 
Acacia albida up to 300- 6 -8 Sandy/silty well drained soils. Good 

1200 m 800 tolerance to salinityA. senegal up to 200 8. 11 Sandy/well drained soils. p1l 5-8 poor
1700 in 800 tolerance to waterlogging.A. tortilis up to 100 - 10- 12 Alkaline and sandy soils. Good tolerance 
1500 in 1000 to salinityAlbizia lebbeck up to 500- 4 -5 Prefers drained loanis. Good tolerance to 
1600 in 2000 salinity.Ca/anus ca/an up to 400-- 5 6 Light sandy soils and loams. Poor

P 3000 in 2500 tolerance to waterlogging.
C'assia siamnea Up to 5(00 - 4.-5 Most soils including limestone & laterite 

1200 n 1000< Cordeauriaedulis 300- Poor tolerance t ) waterlogging.200 10 12 Sandy soils. pll 7 - 8.5; very poor
1000 n1 500 tolerance to !rost.titheellobiuom dulce Up to 400 4 5 Most soils including clay. Good tolerance 
150011 1600 to salinity and waterlogging.Prosopiechilensis 300- 200- 8--11 Most soils. Good tolerance to sahnity 
2900 n 600

Prosopis cineraria up to 75 8-10 Sandy/rocky soils. Tolerates p1l 9,
1000 in 850 salinity and watedogging. 

Fu netions/uses 

lsood Fodder WoodSpecies 

." . " 
0 0 m 0 '0 

0 .2 P 

C- 0 
z > C) "U - j 

-0 on L.. 0 -" 

Acacia albida , * 

A. senegal ** ** *** ** 
A. tortilis ** ** , ** *** ** ** ** 

2 Albizia lebbeck ** * ** ** ** 
E Ca/anus ca/an *, ** , ** ,

Cassia siamea 
Cordeauxiaedulis *** ** ** ** 

Pithecellohium dulce * ** ** ** , * 

Prosopischilensis , * , * ** * 

P. ci, eraria ** ** , *** ** * , 

* fair; ** good; *** excellent 
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perennials with agroforestry potential 

Growth 
Management aspects 

form 

Tree to 30 i1 

lrce S to 15 in 

Iree flat ttop 
4 30in 
Irec 20 30 in 
spreading crown 
Shrub, 1 4 in 

lree 15 20 in. 
l)ense crown 
Shrub 1 3m 

Tree. IS 20 i1 

ree,8 15 In 

Tree, 5 -9 1n 
Open crown 

Fstablishment 

Seedlings 

Seedlings 

Seedlings 

Direct seeding, 
irot/shoot cuttings 

Direct seeding 

Direct seeding 

Direct seeding 

Seedlings or 
cuttings 
Seedlings 

Seedlings or root 
suckers 

Seed 

treatment 

Ilotwater (80C)& 
soak 24 hours 
lot water (80(1 

& soak 24 hours 
Hot water (80(') & 
soak 24 hours 
Boiling water & 
cool & soak 24111s 
None. Use fresh 
seeds. 
Ilot water (80 C)& 
soak 
None. Shortant 
viability (3 loths) 
None. 6 mnonth 
seed viability 
Hlotwater (80 (') 
& soak 24 hours 
Scarified & boiling 
water & soak 

Care 

Weedings 

Weeding 

Weeding 

Weeding 

Weeding for first 
4 ­6 weeks 
Weeding for first 
2 years 

Very good 
tolerance to weeds 
Weeding in first 
year 
Good tolerance 
to weeds 

Coppicing 

ability 

poor 

good 

good 

good 

good at 
0.15 m 
good 

-

Very 
good 
? 

good 

Special 

features 

leafless in 
rains 
Browse 
susceptible
Bruchids eat 
seeds 
Browse 
susceptible 
Shade 
intolerant 
Browse 
susceptible 
frost 
sensitive 
Insects eat 
seeds 
frost 
susceptible 
tolerates 
slight frost 

I tLnctions/uses 

Services Miscellaneous 

r 

0 oo * 
C 

a. U . 
z 

** 

-~ 

00 

oi 

** 

** 
** 

** 
** 

** 
* 

C 

* 
** 

Z 0 

** ** 

**** 

.* 

** * 
*** 

** 
* 

. 0: -0, 

(T) 

* 

(D) 

1O 

** 
** 

-

** 

=u° 

z 

Other remarks 

Combines web with 
agric. crops 
Yields Gum arabic 
Widely used for livestock 

pens. Termite resistant 
fast growing 
sericulture/shelac 
very toxic to pigs 
Subsistence food 

* ** 

** 
** ** 

* 
** 

(T) 

* 

presscake makes good 
stock feed 
high biomass yielder 
combines wel with agric. 

species 
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Table 2b. Characteristics and uses of some leguminous and other nigrogen fixing woody 

r'cological adaptability
 
Species
 

o0 

. - --.. . 

- - . Soil conditions
 
Acacia aturictlifitomis up to 1000 6 8 
 Wide range including Uranium and tin 

600 in 1800 mining spoils. p1l 3-9
Caliandracalothyrsus up to 1000 3- 4 Wide range of soils. Very good tolerance 

1500 in 2000 to flooding

Casuarinaequisetiftlia up to 200 6 8 
 Most soils except clay. Tolerant to 

150011 5000 salinity and waterloggingo Derris indica til to 510 4 6 lost soils including linestone. Very good 
i 1200 mi 251111 tolerance to salinity

sepium upGliricidia 2310 3 Moist or dry soils evenup to 2 when very alkaline1600 in
 
l eucacna I'uicocephala best 2510 
 5 6 Poor growsth on acid soils (< pIll 5. Poor 

below 500 17111 tolerance to waterlogging

Mimosa scabrellu up to 1000 
 Most well drained soils. [loor tolerance 

2400 i 2000 to waterlogging
Samanca saman up to 61(0-- 5 - 6 Wide range of soils 

100011 2500
m 
Sesbania bispinosa up to 551- 5-6 Most soils. Very good tolerance to 

120110n 1100 alkalinity, salinity and waterlogging
Sesbania grandiflora up to 11)0(-- 2- 3 Wide range of soils. Good tolerance to 

800111 2000 waterlogging 

Functions/uses 

Food Fodder Wood
 
Species
 

- 0o 0U 

0.0 -) U 0 -
M o 0r 0 4.. 

> 0
U 3- r .3 0 U

0 >- . ).~. U - Ln U 0
0 

AcaciaDerisaurictiforts o *ndic 44 04
4 


Calliandra calor4rsus 44 4 

SCasuiarinia equisi'Iifolia * ** * * 

SDerris imidica 

SGliricidia sr'pimit* 

***
 

~jLeucaena leuc-ocepliala 
* 

* * * ** * 

.~Mimosa scahrella * 
Soaanea Somani** 
Sesbantia bisponosa 

* * 

* 

Sesbantja grandifloro*w * * 

* fair; ** good; *** excellent 

AK
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perennials with agroforestry potential 

Ma nagement aspects
(;rowthI 

forin 

Seed Coppicing Special
I stat)!lishment treatment Cl re ability features 

Tree, 31 itt Direct seeding or Boiling \ poor shallowwater & Weeding 
seedlings soak for 24 hours roots 

Shrub, 5 I0in Direct seeding or Boiling water & (;ood tolerance excellent 1 -2 year 
seedlings soak 24 hours to weeds rotations 

Iree, 3) 50 ni Seedlings Ant repellent on Weeding poor N-fixing 
seed Actinotnycete

Free, 5 8 in Direct seeding/ None Good tolerance good shade 
Deciduous cuttings to weeds tolerant 
Free. 5 -1 in Seedlings or large IHot water (80 (')& 2 good Deciduous 
Open cros n cuttings soak 24 hours 
Shrul' tree, Direct seeding or I lot water (80 C) & W'eding good frost 
5 20 n seedlings soak 48 --72 hours sensitive 
Shrub/tree Direct seeding ? 3--4 year 
10 12 ni rotations 
Tree, 31 40 in Seedlings leed pods to cattle Good tolerance to ? shallow 
Spreading crown %%eeds roots 
Shrub like, 4 in l)irect seedittg None Very good An annual 

tolerance to weeds 
Tree, 10it Direct seeding/ None Little maintenance good frost 

scedlings/cuttings sensitive 

I unctions/'uses 

Services Miscellaneous 

rr-

Z 0 . 0 0 Other remarks 
** ** (T) * ** outgrows Imperata 

* cylindrica 
** ** ** * combines with agric.,'el 


species
** * (T) fire sensitive 

** ** * ** * insecticide properties
** *** ** * ** coffee/cocoa shade 
** ** ** **" conbi. 's well with agric. 

species
* ** ** coffee shade 

* ** pasture shade 
* ** ** ** ** combines well with agric. 

species
** ** ** *** (F) combines well with agric. 

* species 
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Table 2c. Characteristics and uses of some leguminous and other nitrogen fixing woody 

o Species 

Acacia ,nearnsii 

,lbhizia stipulata 

Alns acuminata 

A. nwpah'nsis 

lasuarona olij'odon 

S :rythrinapoeppigiana 

91 Gleditsiatriacaijthos 
0 

Inga jinicuil 

Lespcdeza hicolor 

Trena orientalis 

Species 

Acacia mearnsii 

Albizia stipulata
Alnus actoni'ata v 	 Alus nepahensis
A. IS i'1arfss* 

.0 
• 	 Casuarina oligcdon 

•. 	Erythrinapoeppigiana 
o 	 Gleditsia triacanthos 

Inga jinicuil 
Lespedeza bicolor 
Trenla orientalis 

• fair; ** 	good; *** 

[cological adaptability 

up to 500 
200 ni 1200 
2000 - 500-
3000 in 2500 
1200 1000 
3200 in 3000 

300 500 -
3000 in 2500 
up to 700-
2300 Ii 4000 
up to 1000 --
2000 in 3000 
up to 500-
150011 2500 
up to 500-
1400 i 3000 
up to 500-
2000 in 2500 
up to 1000-
2000 in 3000 

Functions/uses 

Food 

0,V 

0 
V) 

Z > 0 

excellent
 

, Soil conditions 

4 6 	 Wide range except calcareous soils 

3 -5 	 Well adapted to infertile and shallow 
Soils
 

3 5 Well drained loanis and loamy sands. Also 
on gravelly and clayey soils 

3 -5 Wide range. Best on alluvial loanis and 
loamy sands. 

6.-8 Most soil types 

3-5 	 Most soils; dry to wet 

6-8 lost soils; acid to alkaline, sandy to
 
clay
 

5-6 Most soils including limestone
 

3-5 	 Most types including infertile rocky soils 

3--4 	 Wide range including denuded infertile
 
soils
 

Fodder Wood 

.0 	 .4 

'00 
'	 F.0 

.-.9,= 0 . 0 sV) U0 
, ~ a2.~ 0 .0 a ~ 

.~ ~ j "Z:U~ 

*** ** 

** ** ** * P 
, ** 

** ,
 
** ** ** ** * 

. ** 
** ** ** 
** ** ** ** pt 
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perennials with agroforesry potential 

Management aspects
Growth 

form 

Seed Coppicing Special 
Establishment treatment Care ability features 

Tree to 25 in Direct seeding Immerse in boiling good tolerance to poor mod. frost 
water weeds tolerant

Tiee 15-20m Seedlings, root/ 	 None weeding good Highlands­
shoot cuttings Nepal

Tree 15-40 m Seedlings or None. 2-3 weeks weeding good Actinomycete
root cuttings seed vibilitv Frankia sp.

Tree 30-40 in Seedlings/cuttings None 	 good tolerance fair shade 
to weeds tolerant

Tree 20-35 m Seedlings Ant repellent 	 weeding ? mod. frost 
tolerant
 

free 10-15 m Seedlings/cuttings ? good -


Tree to 45 m Se.dlings/cuttings Immerse inhot good tolerance good frost 
flat witer (80'C) toweets toleranttopped 
Tree 10-20 m Seedlings short seed ? good termite 

viability suseptible
Shrub 2-3 m Direct seeding oi None good tolerance good Korean 

seedlings to weeds 	 species
Tree 10-15 m Seedlings/cuttings 	 Refrigerate 2°C good tolerance good shade 

for 3-4 months to weeds intolerant 

Functions/uses 

Services 	 Miscellaneous 

0 5
°	 

.. 

5 0 .	 Otherremarks 

** ** *** (T) 	 combines well with agrlc. 
*** species 

** ** *** coffee/tea shade
** * pasture trees 

** ** * outgrows and suppresses
moit wee l 

** ** *comnmon fuedwood in 
Papua New Guinea 

** ** ** ** * coffee shade
** ** could become a weed 

** *** ** coffee shade 
** p**nurse/fallow species

** ?cacao/coffee 	 shade 
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systems under various ecological conditions is compiled in Table 2 as an indi­
cative exaiple. The possible uses and functions of the species are also 
indicated in the Iable. This Table along with the previous one (Table !)gives 
a good indication of the potential role of woody leguIninous species in agro­
forestry systems under diverse ecological conditions. In addition to the trees
and shrubs on which such information is available, there are also many other 
species which have not thus far been studied. Undoubtedly, one of the most 
promising opporIltunities in agroforestry lies in tapping this hitherto 
unexploited potentials of this large iiumber of' nuil tipurpose trees and shrubs. 

ICRAF's field trials on leguminous trees and shrubs for agroforestry 

There is an understandable but unfortunate tendency in the present
Ienthusiasm and awareness' stage of agroffOrestry development to exaggerate 
the supposed benefits of' agroforestry systems ad conmponen ts such as multi­
purpose trees and shrubs. In fact, these benefits have to be achiceed through
development of sound teclnologies bised oi research, rather than being 
merely ascribed to any laud use practice that can fit itself into the broad 
definition and colcept of agroforestry, or any tree or shirub that can be coll­
sidered to be having a polential roL!e in agroforestry. But in addition to the 
difficulty caused by the lack of adequate quantita tive iniformation on agro­
forestry systems and its components, there is also the problem of nion­
existence of appropriate methods to assess their suggested advantages and 
poten]tials in comparisoni with other systems and components.

IHowever, there is onfl very little that ICRAF can do in this task of under­
taking specific technology-generating research. ICRAF is a research Council 
with a global maidate to pronote and catalyze research in agroforestry, but
 
with no resources to under take elaborate research on its 
 own accord. 
Nevertheless, in view of ICRAF's unique position as the sole international
 
agency that has been set 
up exclusively for agrofores'ry research, it was felt
 
inevitable for the Cotncil 
 to have a small field station of its own, which could
 
be usen for demonstration and training purposes. With thie cooperation of the
 
Government of Kenya which provided a suitable piece of 
 land free of cost, 
such a station is now being established in Machakos, 70km away from
 
Nairobi. The site, situated about 
 1500 m above m.s.l., has a semi-arid climate
 
with .an average (bimodal) rainfall of 7O0nmn 
 per annum, a typical savanna 
vegetation comprising perennial grasses, shrubs and low trees, and good but 
erodible soils. As one of the first activities on the station, about 40 species of 
multipurpose trees have been planted on the station starting from October
 
1981. Growth characteristics of a few leguminous 
 ones among them are 
presented in Table 3. 

Though the primary objective of assembling the plants otn ICRAF's Field 
Station is to aid in the Comncil's demonstration and training activities, tile 
results are also of immense value from the point of view of their suitability 



Table 3. Some growth characteristics of a 

Species 

Acacia albida 
Acaciacyancphylla 
Acacia nilotica 
Cassiaalata 
Cassi2 siamea 
Casuarinaequisetifolia 
Erthrynaabyssinica 
Leucaenaleucoceplhala(Cunn.) 
Leucaena leucocephala(K8) 
Leucacnaleucocephala(Peru) 
Parkinsoniaaculeata 
Prosopisiuliflora 
Prosopispalida 
Sesbaniagrandiflora 

few muitipurpose leguminous woody perennials at ICRAF's Field Station, Machakos, Kenya 
Date of Number of 1. lHeight (m) 2. Crown diameter (m) 3. Stem diameter (cm) (± S.D.)
planting plants (t S.D.) (± S.D.)

measured 
28.10.81 45 

9.11.81 12 

9.11.81 12 


14.11.81 8 

7.12.81 12 

5.4.82 8 


11.12.82 12 

9.11.81 12 


12.11.81 66 

13.11.81 36 

29.10.81 11 

27.10.81 59 

i9.10.81 9 

19.4.82 42 


at base in above ground
1.77 (0.62) 1.24 (0.45) 4.09 (1.78) 2.12(1.24) 
3.00(0.62) 2.39(0.51) 8.61 (1.88) 3.99(l.48) 1.66 (0.34) 2.57 (0.39) 6.46(1.09) 1.87(0.96) 
1.74 (0.671 1.62(0.41) 3.82(1.63) 2.17(1.43) 
2.23 (0.46) 2.05 (0.42) 7.23(1.42) 2.25 (0.70)
1.52(0.46) 0.66 (0.23) 1.94 (0.83) 0.61(0.40) 
0.82 (0.34) 1.09 (0.28) 4.36 (0.94)
2.40(0.26) 2.03 (0.31) 6.78 (1.36) 2.93 (0.93)
3.02 (0.59) 2.29 (0.42) 6.95 (1.14) 4.70(1.15) 
2.55(0.52) 2.02(0.40) 6.09(1.19) 3.86(1.09) 
1.74(0.23) 2.51 (0.25) 5.12(0.40) 2.19(0.38) 
2.29(0.53) 1.92(0.55) 4.98(1.29) 1.74(0.78) 
2.00 (0.37) 1.77 (0.59) 3.45 (0.94) 1.49 (0.70)2.40 (0.44) 1.61(0.41) 10.15 (1.65) 3.83(0.93) 

Date of measurement: First week of July, 1983 
1. Height was measured with a heightpole and/or metre ruler.2. Crown diameter was measured using a mrcasuring tape. At least two measurements at right angles to one another were taken and an average 
3. obtained.Stem diameter was measured using vernier calipers. Two readings at right angles to one another were averaged. For multi-stemmed trees tile averagediameter of each stem was converted to basal area. The basal area of all the stems were summed and the corresponding diameter calculated. 

http:3.83(0.93
http:1.61(0.41
http:1.74(0.78
http:4.98(1.29
http:1.92(0.55
http:2.29(0.53
http:2.19(0.38
http:5.12(0.40
http:1.74(0.23
http:3.86(1.09
http:6.09(1.19
http:2.02(0.40
http:2.55(0.52
http:4.70(1.15
http:2.40(0.26
http:0.61(0.40
http:1.52(0.46
http:7.23(1.42
http:2.17(1.43
http:3.82(1.63
http:1.62(0.41
http:1.87(0.96
http:6.46(1.09
http:3.99(l.48
http:2.39(0.51
http:3.00(0.62
http:2.12(1.24
http:i9.10.81
http:27.10.81
http:29.10.81
http:13.11.81
http:12.11.81
http:11.12.82
http:14.11.81
http:28.10.81
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for agroforestry in similar conditions elsewhere. Moreover, it is hoped that 
the plants will be made use of for developing methodologies for evaluating 
multipurpose trees and shrubs for agroforestry. 

Conclusions 

Several of the existing land use systems and practices in different parts of the 
world encompass the concepts and principles of agroforestry. Multipurpose 
leguminous trees and shrubs form an important group of components inl most 
of such systems and practices. lowever, various gaps exist in our knowledge 
on these plants and their eventual use in such systems. In order to realize the 
potentials offered by agroforestry in a wide variety of situations, and to 
exploit the multiple benefits of the leguminous trees and shrubs, systematic 
research has to be undertaken on a global scale. 

References 

Brewbaker JL, Halliday J and Lyman J (1983) Economically important nitrogen fixing 
tree species. Nitrogen Fixing Tree Research Reports vol 1, pp 35-40 

Brewbaker JL and Ta We Ilu (1981 ) Nitrogen fixing trees of importance in the tropics.
Paper for the US National Academy of Sciences Workshop, September, 1981 

Budowski G (1983) An attempt to quantify some current agroforestry practices in Costa 
Rica. In: P.A. Huxley (ed), P ant Research and Agroforestry, pp 43--62. ICRAF, 
Nairobi 

Chandler TM and Spurgeon 1) (eds) (1980) International Cooperation in Agroforestry.
ICRAF/I)SF, Nairobi. 469 p 

Darnhofer T (1982) Shelterbelts: some remina ks on the micro-climate effects and design
considerations on stietterbelts. ICRAF, Nairobi, Mimeo, 16 p

Felker P (1978) State of the Art: Acacia albida as a Complementary Permanent 
Intercrop with Annuat Crops. University of California, Riverside, Mimeo, 143 p

Ilecht S13 (ed) (1982) Amazonia: Agricultture and Land Usc Research. CIAT, Cali, 
Colombia, 428 p

Huxley PA (ed) Plant Research -ind Agroforestry. ICRAF, Nairobi, 619 p
Kang BT, Wilson GF and Sipkens L (1981) At!ey cropping maize and Leucaena 

(Leucaena leucocephala LAM) in southern Nigeria. Plant and Soil 63: 165-179 
King KFS (1979) Agroforestry and the utilisation of fragile ecosystems. Forest Ecol 

Management 2:161-168 
King KFS (1980) Agroforestry and the development of tropical forestry. UNEP Expert

Meeting on Tropical Forestry, 1980. UNEP, Nairobi 
Lundgren B (1982) Introduction. Agroforestry Systems 1: 3-6 
Lundgren 13and Nair PKR (1983) Agroforestry for soil conservation. Paper presented at 

the Second International Conference on Soil Erosion and Conservation. January 
16-22, lonolulu, lawaii (Proc in press)

Lundgren 13and Raintree JB (1983) Agroforestry: In: Nestel B (ed) Agricultural
Research for development: Potentials and Challenges in Asia. ISNAR, The Hague, 
pp 37-49 

Mann IIS and Saxena SK (eds) (1980) Khejri (Prosopis cineraria) in the Indian Desert. 
CAZRI Monograph No. 11. Central Arid Zone Res Inst, Jodhpur, India, 77 p

Nair PKR (1979) Intensive Multiple Cropping with Coconuts in India: Principles,
Programmes and Prospects. Verlag Paul Parey, Berlin, 149 p

Nair PKR (1980) Agroforestry Species: A crop Sheets Manual. ICRAF, Nairobi, 336 p, 



163 

Nair PKR (1983a) Multiple land use and agroforestry. In: Better Crops for Food: CIBA 
loundation Symposium 97, pp 101 -115. Pitman Books, London 

Nair PKR (1983b) Tree integration ol farmlands for sustained productivity of small­
holdings. In: Lockerctz W (ed). Environmentally Sound Agriculture, pp 333-350. 
Praeger, New York 

Nair PKR (1984) Soil lroductivity Aspects of Agroforestry. Science and Practice of 
Agroforestry No 1. ICRAI. , Nairobi (In press)

National Academy of Sciences (1975) Underexploited Tropical Plants with Promising
Economic Value. NAS, Washington, DC 189 p

National Academy of Sciences (1979) Tropical Legumes: Resources for the future. NAS,
Washington, DC 331 p

Nati'nal Academy of Sciences (1980) Firewood Crops: Shrub and Tree Species for 
Energy Production. NAS, Washington, DC 237 p

Neumann I (1983) The use of trees in smallholder agricuIlture in tropical highlands. In:
Lockerctz W (ed). Environmentally Sound Agriculture. Praeger, New York, pp 
351-374 

Nei nliaeuser P (1983) Appropriate Land Use Systems fir Smallholder Farms: A survey
of ecological and socio-economic conditions in the Machakos District (Kenya).
Studien Reihc IV/39, SLE, Tech Univ, Berlin. 187 p)

Okigbo 13N (1977) Neglected plants of horticultural importance in tradional farming
systems of tropical Africa. Acta Ilorticultura 53: 131-150 

Sheikh Ml and Chima AM (1976) Etffect of windbreaks (tree rows) on the yield of wheat 
crop. Pakistan Journal of Forestry, 26(1): 38-47 

Sheikh M1 and Khaliquce A (1982) Effect of tree belts on the yield of agricultural crops.
Pakistan Journ:al of Forestry 32: 21 -23

Torres F (1983a) Agroforestry: Concepts and practices. In: Hoekstra, DA and 
Kuguru IM (eds). Agroforestry Systems for Small-Scale Farmers. ICRAF/BAT, 
Nairobi, pp 27-42 

Torres F (1983b) Role of woody perennials in animal agroforestry. Agroforestry
Systems 1: 131-163 

van Gelder B and Poulson G (1982) The Woodfuel Supply from Trees outside the 
:orests in the Ilighlands of Kenya. Report of a study for the Beijer Institute. Nairobi 

(Mimeo)
Vergara NT (1982) New l)irections in Agroforestry: The Potential of Tropical Tree 

Legumes Parts I and If. Environment and Policy Institute, East-West Center, 
Honolulu, lawaii, 52 p

Wenner CG (1980) Soil Conservation in Kenya. Ministry of Agriculture, Nairobi, Mimeo, 
191 p

Wilson GF and Kang liT (1981) Developing stable and productive biological cropping
system for the humid tropics. In: Stonehouse B (ed). Biological Husbandry: A
Scientific Approach to Organic Farming, pp 193-203. Butterworth, London

Zeuner TI- (1981) An ecological approach to farming: soie experience of the agro­
pastoral project, Nyabisindu, Rwanda. In: Buck L (ed). Proceedings of the Kenya
National Seminar otn Agroforestry, ICRAF, Nairobi, pp 329-335 


