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Dr Pedro Sanchez (right) addresses the audience during the dedication of Lundyren Auditorium
 
at ICRAF headquarters. Sear'ed, left to right, are Dr George Holmes, Chairperson


of ICRA F's Board of Trustees. Mr Jeremiah Nyagah, Minister
 
in the Kenya Government and Dr Bjorn Lundgren.
 

The y'ear 199!) marked ,,everal itup-rtant trarisi-
tions for ICRAF. In March. the Board of Trust-
cs elected George tlol res, a di,,sinrguished 
forester frori thtitiitnied IKingdom. as chnairper-
son. He succecded ICRAF's loni-tlatidinrg 
frj e nd a-id supporter. thIward Ste ppler of C'an 

ada. In April. the Board appoinrted me as 
ICRAF's third Director General, folflowing I() 
Sears of outstandi n leadership by Bjdirn 
luridgrern. I assurmed the post on I October. 

In Mav, IC'RA F joined the Consultative 
(Group on International Agricutlural Research 
(CGIAR )with glohal re spornsibi Iity for research 
on agrol'oresnry. In June, the f'irst diraft of 
ICRAF' new strategic plan. "/he 'av A/ead. 
was presented to tne Technical Advisory Corn-
nhittee fT'A(') of the CGIAR. A second versioti, 
approlved by ICRAF's Board of Trustees, was 
subtiited to the CG IAR at [nternational Ceri-
tres Week inOctober. The stronrg focus on al eas 
of grave environmental andi human concern 
won apositive response froni the scientific arid 
donor communities. 

Also in October. the Board of Trustees 
changed ICRAF's rnane-l'rom Intertiational 

("ouni h/t hnrerltanorraf t fr Research in"n' 
Agroforestr,,. Tis, ,,ifrom a body' that gives 
advice (council) to the group right in the middle 
of thing,, i the centre) reflects several ituportat 
changes at I('RAF. 

F r one thIinrg, thle change inii ne inrd icate s 
ICRA F's responsibility withini the CCI AR to 
act as a real focal pointlbfr agroforestry' re
search, both strategic arid applied. Secondly, we 
are now' more fullyv iriplerreritirig ICRAF's 
gl,:bal mandat'. ('ol latborat ive research projects 
will start in 19%2 at sites in latint America and 
Asia. arid training courses ate being conducted 
iti Bra/il and Irtdoresia. 

ICR AF's inst itut iral goal has heen re
phrased as fldlows: 'To niitigate tropical defor
estat ion, larid depletion and rural poverty 
through irnlpro'edl agrol'lrestry systems'. Re
search focuses on three agro-ecological tones: 
the hiunnid. subhumfid atid serili-arid tropic. 

In the huniid tropics. wolrk will concentrate 
on agrol'or'estry alternatives tol slash-arid-bunt 
cultivation and agrol'orestry systems f'or the rec
laniationi of abandoned land. In the subhumid 
and seriii-arid tropics, the focus will be on 



agroforestry systems to overcome land deple-
lion, soil ferlihty loss, erosion, and loss of Fod-
der and fuelwood. 

Work in areas suffering land depletion ,,ill 
continue to focus on Africa, where problems are 
most serious. Collaborative research w ill con-
tinue through the four existing Agrolforestrv 
Research Netkworks for Africa (AFER[ENAs)--
the Southern Africa and the Fastern and Central 
Africa programmes for the subhumid tropics 
and the semi-arid lowlands of West Africa 
(SALWA) programme for the semii-arid tropics. 

Research in the hulmid tropics, will continue 
wit hi tihe AFRI ENA programme f'r the humid 
lowk lands ol West Africa and kill expand to the 
humid tropics of Latin America anid S,utheast 
Asia, focusing on alternatives to slash-ind-hurn 
cultivation and reclamation of degraded lands. 
In Latin America. ICRAF will work as part ofI 
the(CIAT CAIfI-I'CA tInternationalCentre of 
Tropical Agricalure. ('entlro Agron6mnico 
Tropical de Invesligaci6n . [IAnsefian/a. Inter-
American InsitLe I'r ('ooperation in Ag riciI-
lure) consortlium llon natural-resource 
mniagemeit. Ptesearch will he Cl ucted inia 
similar collaboratixe itiode in Southeast Asia. 

To achieve these objectivcs, ICRAF's five 
research aiid lour dissenillation programmnies 
have recently been reformulated its part of the 
strategic plan. ICRAF's research progranmmes 
are its follows: 
SFnvironmental characteriation and analysis, 

including cvaIlualion of land resourLtes and 
socio-econonlic conditons 

" 	Mullipurpose-tree improvement and man-
agetnent, including the developmenl of ia 
Mu!tipurpose-Trec Gertoplasm Resource 
Centre. concenirating primarily on legumi-
n1oLts shrubs, little-exploit !I nul trees alid 
last-grow ing woody speci.S particularly suit-
able for agroforestry 

" Component interactions, addressing is, ues of' 
competition for light, water and tiutrients be-
tween trees, crops and livestock 

" Systems improvement. emphasizing im
proved systems to recuperate degrtetd lands. 
reverse land depletion and provide an alterna
tive to slash-and-burn 

* 	Policy, adoption antI impact analysis, assess
ing problems and constraints, evaluating the 
impact of improved agroforestry technolo-

gies and providing feedback tor technology 
design. 
ICRAFs dissemination programmes are: 

* 	Training. enhancing tile capacity of national 
institutions to carry out agroforestrN research 
and deve lopm ent 

* 	 Educatlion, strengthening agrolorelry curric
ula in universities and technical schools 

* 	In frmat ion and docu lalnat ioil. identIifVing , 
analysing and disseminating inlotnliton re
fated to agroltorestr, 

* 	 Communications. disseminating tile results of 
agrolorestry research and development pro
gratmmes and inftormation ith,.t ICRAF. 

This is the first annual report reflecting the 
efriltilalion of ICRAF's structure an1d pro

grammes. 
The transition from council to centre that 

took place in 19t9 is atnatural consequence of 
ICRAF's itlitutional dexelopnienl. Ilowever. 
it has required some rethitkini andt a lot ol'hard 
v ork. The extraordinary e11'ori inxolvetd has 
been lull\ suppotrled by I(RAF stalt and our 
small bill dallicl manageet tealm. 

Il(RAlhas been fortunate to altlrac an excel
lent complement of nearly 3)t) staff members 
from more than 3( countries. !n 199 . we intro
duCed a special award to reciOgliIi, otusttlding 
contributions of stall niellbers froi all levels 
of tile instilution. There ik ere I I recipients tile 
first 'ear. 

Transitions are never easy, but tle changes 
al ICRAF have been greatly facilitated h the 
Board of Trustees. I would also like to cxpress 
our gratitude tothe donors and national research 
partners who have supported our growth and 
\vho make all our xkork possible. Finally, I 
would like to express my personal appreciation 
to my predecessor, BjOrn Lundgren, whose long 
dedication and continuLiintg support made 1991 it 
year of considerable accomplishment. ICRAF's 
nnlmerous achiev.enwuts dttring the year are re
flecled in the repotl that follows. 

Pedro A. Sanchez
 
Director General
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In Southern Africa, such as this area around Makoholi, Zimbabwe, farmers are interested 
in agroforestry to help maintain soil fertility and to provide livestock fodder 

during the long dry season. 

During the couise of 1991. ICRAF realigned its 
research programmesnto focus on three agro-
ecolog icaI /ones--the s ubltimid, hu liid and 
seni-arid tropics. In Africa. long-standing col-
laboralive research is inprogress in all three 
/ones. Current aclivities and new programmes 
in Latin America and Asia will fIocus on the 
hlid zonle, 


Most of ICRAF', field research in Africa is 
conducted in collahoriion with national re-
search inslitulions Under the A -RFNAs.'Ihese 
ietssorks have been established in tour regions: 
the highlands 11[Eastern and Central Africa andl 
the uphLads of Southern Africa in the subhutnid 
/one, the forested lowlands of West Africa in 
the hurn id Zone. and the Sahelian lowlands of 
West Africa in the seni-arid zone. 

In 1991, collaborative research was in prog-
r,'ss at 19 sites inthe subhuiid /one-- in Kenya,
Uganda. Rwanda and Burundi in the Eastern 
and Central African highlands and in Malawi, 
Tarzania, Zambia and Ziribabwe on the south-

ern African plateau. III the humid /one, work 
was in progress at five sites in(7 aineroon and 
Nigeria, and in the semii-arid /one at I I sites in 
Bturkina Faso. Mali. Niger and Senegal. In ad
dition to :hese collaborative activities, ICRAF 
conducted experiients at t;e Machakos Re
search Slation and multipurpose-tree improve
merit research at the Maseno Agroforestry 
Research Centre. both in K, ia. 

This broad nclwork of coordinated expert
meints ensures that comparable data %Aill he col
leeted on agroforestry components and 
technologies over a wide range ofaltitudes, soils 
and climatic condilions. 

Subhumid plateau of Southern 
Africa 

The Southern Africa At-RENA prograrinie was 
launched in 1986 with funding from the Inter
national Development Research Centre of Can
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Figure 1.Collaborative research programme in the subhumid upland plateau of Southern Africa: 
location of research sites. 

ada (IDRCI and tie Canadian International De-
velopment Agency (CIDA). Other donors now 
include the Rockefeller Foundation, the Swe-
dish Agency lor Research Cooperation with 
)eveloping Countries (SAREC), and tile Nor-

wegian Agency for International Dvelopment 
(NORAD). The Government of the Netherlands 
provides research associates, and the host gov-
ernments in each participating country allocate 
substantial resources in terns of staff, land and 
research facilities. 

The programme focuses on the upland pla-
teau ecological zone, a region that covers ap-
proximately 1.4 million sq km in Angola, 
Malawi, Mozambique, Tanzania, Zaire, Zambia 
and Zimbabwe (Figure 1). Altitudes range from 
6(X) to 1600 m. 

The main !and-use system in this region is 
small-scale fanning. Crop production relies on 
one growing season, from December to April, 
with a long dry season from May to November 

(Table I). Diagnosis and design iD&D) studies 
in Malawi, Tanzania, Zambia and Zimbabwe 
revealed two major land-use problems that af
fect farmers across the region--declining soil 
fertility and dry-season shortages of livestock 
fodder. Research was designed to develop 
agroforestry interventions that address these 
problems in tile zone as a whole. This work is 
no,'in progress at Makoka in Malawi, at Tumbi 
in Tanzania, at Chalimbana in Zambia. and at 
Makoholi and Domboshawa in Zimbabwe. 

In addition, participating countries have de
velop,3d national agroforestry research projects 
designed primarily to address the problems ofa 
particular land-use system. ICRAF is participat
ing in a national project initiated in 1987 at 
Chipata in Zambia, supported by SAREC and 
IDRC. 

A second national project was initiated in 
1990 in Malawi, emphasizing on-farm research, 
with funding provided by the Rockefeller Foun

c 
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In the highlands of Rwanda, agrotfciestry can play an imp f~rtant role inhelping 
to control soil erosion on steeply sloping fie. cis. 



dation. This work is closely associated with an Tanzania 
IDRC-ftuded agroforestrv research project ira- The zonal research project in Tanzania is based 
plernented by the National Agroforestry Coni- at Tabora in the west-central part of the country 
moditv Teani. A third national project started inri t the Ministry of Agriculture and Livestock 
1991 in Tanzania, based at Shinyanga. with Development's Tunbi Research Institute. 
support from NORAD. Funding is provided by CIDA. Maize and to-

ICRAF helps ciordinate all these activities bacco are the main crops in the area and live
together with the Southern African Centre for stock production i , also important. Major 
Cooperation in Agriculural Research and problems inclule low soil fertility, shortages of 
Training (SACCAR). which acts on behalf' of, fuelwood for tobacco curing and household use, 
the Southern Africa Development Coordination and inadequate grazing during the dry season. 
Conference (SAD'('). Comple mentaritv of re- The zonal illanadlle fo- agroforestry research
search efforts isensured primarily through reg- at Ttnnbi focuse, primarily on fast-growlng 

ular zonal workshops anId neetings of national I niltipurpose trees Ior fodder production. Tree 
agrofoestry steering committees. fodder is assessed as a supplementary animal 

feed, and trees are also evaluated :r their po-
Malawi tential contribution to soil-fertility maintenance 
Collaborati, e research in Malawi begali in I988 alind foeIwood IproIuCti l. 
at tie Maktk a Agriculttral Research Station The national agrof orestry researcl pr ject at 
.iear Zomba. Within the ional programme. Shi nyallga addresses problems of' soil fertility 
Makoka has the major responsibility 10i identi- and crop and livestock production in the 
fying, acqutiring and evaluating muitip rpose- Sukunlla agro-pastolal sysiciii near Lake Victo
tree germpl asm. The objective is to select ria. In this area, cotton is the major cash crop. 
Multipurpose trees that hold promise for allevi- Food crops inclute millet, ,orghum, cas a:va 
ating problems of soil fertility antd shortages of and rnaize, while rice cultivation is increasing 
fodder anid fuetwood in the regior. on low-iying, heavy-textured soils. Cattle pro-

The on-larnli research project is based at the duction is importart and, with increasing culti-
Cltitedze Research Station near Lilongwe. in vation and lives .ock nunbers, dry-season 
two areas around Lilorgwe, farmers are testing fodder shortages are acute. The region also faces 
hedgerow intercropping. living fences, fodder severe deforestation, leading to shortages of 
banks and miixe( intercropping, in some cases fluelwooh aUd other tree products as well as soil 
with fruit trees. erosion and land degradation. 

Table 1.Collaborative research programme in the subhumid upland plateau of Southern Africa: 
description of research sites. 

Altitude Minimum/Maximum Average Annual Soil Types 
Research Site (m) Temperatures ('C) RIainfall (mm) (FAO, 1988) 

Makoka, Malawi 1030 15.0"/26.0' 1045 ferric lixisols
 
On-farm sites near 1180 13.0'/27.2" 600 lixisols
 

Lilongwe, Malawi
 
Shinyanga, Tanzania 1200 16.7"/28.9' 800 acrisols/pellic
 

vertisols
 
Tabora, Tanzania 1200 16.3'/28.0" 880 ferric acrisols
 
Chalimbana, Zanbia 1144 14.0'/28.0' 800 plinthic lixisols
 
Chipata, Zambia 1020 13.8"/32.5' 1000 ferric lixisols
 
Mkoholi, Zimbabwe 1205 16.0"/28.0' 650 ferralic arenosols
 
Domboshawa, Zimbabwe 1475 18.0*/29.0' 895 haplic lixisols 
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Figure 2. Collaborative research programme in the subhumid highlands of Eastern and Central 
Africa: location of research sites. 

Beginning in 1986, the Tanzania Govern- Zambia 
ment initiated development projects such as A zonal agroforestry research project wasestab-
Hifadhi Ardhi Shinyanga (HAStlI) and the lished in 1987 at Chalimbana Agricultural Re-
Shinyanga Soil Conservation and Afforestation search Station inZambia, concentrating on the 
Programme (SHISCAP) with an emphasis on contribution ofagrolorestry to soil fertility. Ex
natural-resource conservalion and agroforestry. periments in progress include multipurpose-tree 
ICRAIF's collaborative project is the screening trials andagroforestry technology tri
agrolorestry research component of SHISCAP. als focusing on hedgerow intercropping and 
The goal is to develop agroforcstry technologies improved fallows. 
that will help conserve the natural resources of The national agrolorestry research project is 
the region and meet farners' needs for ir- based at Msekera Regional Research Station at 
proved crop production and better supplies of Chipata in Zambia's Eastern Province. Here, 
fodder, fuel and wood for construction. ICRAF collaborates with the Agriculture and 

Project activities include surveys, experi- Forestry Departments. Objectives are to screen 
merits and training. Field trials initiaed in the multipurpose trees capab!e of improving soil 
second hall of 1991 include the evaluation of fertility and providing supplementary dry-sca
mixed-intercropping and improved-fallow sys- son fodder and fuelwood and to design and test 
tems as well as hedgerow intcrcropping com- agroforestry technologies, such as improved 
bining multipurpose trees with food crops or fallows and hedgerow interciopping. that are 
fodder legunmcs. suitable for local land-use systems. 



Zimbabwe 
Agroforestry research in Zimbabwe is designed 
to develop and test technologies that will pro-
vide livestock fodder and fencing and help 
maintain soil fertility on farms in the communal 
areas. Another objective is to develop the scien-
tific and institutional capacity of national 
agroforestry programmes. These are conducted 
by the Forestry Commission, the University of 
Zimbabwe, the Agricultural Technical and Ex-
tension Services (AGRIFEX) and the Depart-
inent of Research and Specialist Services. 

A D&D study in 1987 and follow-up survey 
in 1989 led to the design of an agroforestry 
research prcject as well as expansion of 
agioforestry education and training activities. 
Direction is provided by the Committee for 
Agroforestry, Soil and Water Conservation 
(CASAWAC), under the Zimbabwe Scientific 
Council, with representation from all relevant 
government departments. Funding is providcd 
by CIDA. 

Project planning was completed and the first 
trials were established at the end of 1990 at two 
sites-the Makoholi Agricultural Research Sta-
tion and the Domboshawa AGRITEX Demon-
stration Station. Don boshawa is located near 

Harare in the highland area best suited for inten
sive crop and livestock production. Makoholi is 
located to the southwest in a dryer region with 
farming systems based primarily on livestock 
plus limited drought-resistant crops. 

At both sites, experimentation includes mul
tipurpose-tree screening and trials to assess the 
potential of trees for fodder and mulch produc
tion, both in block plantings and intercropped 
with maize. In addition to other selection cri
teria, tree species chosen for introduction in 
Zimbabwe must be capable of withstanding oc
casional frost. 

Subhumid highlands of Eastern 
and Central Africa 

1he subhumid and humid highlands of Eastern 
and Central Africa include parts of Burundi, 
Ethiopia, Kenya, Rwanda, Uganda and Zairc 
(Figure 2). The AFRENA programme in this 
region was launched in late 1986 with support 
from the United States Agency far International 
Development (USAID). 

Research focuses on the subhumid high
lands, at altitudes ranging from 1000 to 2500 m. 

Table 2. Research programmes in the subhumid highlands f Eastern and Central Africa: 

Research Site 

Karuzi, Burundi 
Mashitsi, Burundi 
Embu, Kenya 
Kakuyuni, Kenya 
Machakos, Kenya 
Maseno, Kenya 

Gakuta, Rwanda 
Rwerere, Rwanda 
Rubona, Rwanda 
Kabanyolo (Kampala), 
Uganda


Namulonge (Kampala), 
Uganda


Bushenyi, Uganda 
Kabale, Uganda 
Kalengyere, Uganda 

description of research sites. 

Altitude Minimum/Maximum Average Annual Soil Types
(m) 

1600 
1620 
1490 
1500 
1600 
1500 

2350 
2300 
1650 
1250 

1250 

1610 
2000 
2460 

Temperatures (*C) 

13.5"/25.8" 
10.4"/28.4' 
14.1 */25X0" 
11.8'/28.8' 
11.8*/28.8' 
14.6'/30.7' 

8.8"/21.5' 
10.9"/20.7" 
13.0"/25.4" 
15.7"/27.9" 

10.2"/29.5" 

13.3"/25.6" 
10.9/23.5 . 
8.1 "/20.9" 

Rainfall (mm) 

1140 
1185 
1230 

700 
760 

1780 

1500 
1160 
1170 
1440 

1295 

1200 
1040 
1550 

(FAO, 1988) 

ferralsols 
ferralsols 
humic nitisols 
lixisols 
haplic lixisols 
lixisols/acrisols/ 

ferralsols 
cambisols 
ferralsols 
acrisols 
ferralsol 

ferralsols 

ferralsols 
ferralsols 
andosols 



Annual rainfall averages 1000 to 2000 mm and 
is distributed between two growing seasons, 
from March to May and from October to De-
cember. Zonal research projects are in progress 
at three sites in Kenya, at three sites in Rwanda, 
at two site- in Burundi and at five sites in 
Uganda (Table 2). 

The subhumid highlands in the four partici-
patring countries cover an area of 207,000 sq km 
with a population of 25.8 million. Population 
density is high, farm sizes are small and land-
Us-' systems are among the most intense in Af-
rica. Agricultural practices have not always kept 
pace with increasing pressure on the land, often 
resulting in a decline in the natural-resource 
base. D&D studies have shown that the poten-
tial for agroforestry is high, broth to help reverse 
environmental degradation and to increase the 
prottictivity of local land-use systems. 

As in the programme for Southern Africa, a 
key consideration in the design of the research 
programme has been complementarity among 
activities ineach country. Agroforestry lechnol-
ogics with potential for the zone as a whole arc 
being testcd at multiple sites under varying en-
vironniental conditions. Research in Kenya, 
Rwanda and Burundi also includes general 
screening trials of multipurpose-tree species 
and provenances with potential value for the 
region. In addition to experimentation on sta-
tion, farmer surveys and on-farm trials were 
initiated in 1990, focusing on the land-use sys-
temns surrounding the research sites. 

Kenya 
Experimentation on component interactions in 
agroforestry systems is based primarily at 
ICRAF's Research Station at Machakos, 
Kenya. Strategic research at Machakos is an 
essential prerequisite for interpreting results 
from field trials, such as those in progress under 
the AFRENA programmes, and fof designing 
improved agroforestry technologies. 

Machakos is at the dry edge of the subhumid 
zone. Like the neighbouring farms, most of 
ICRAF's Research Station consisis of sloping 
land with variable soils. These are positive fea-
tures since one aim of work at Machakos is to 
provide advice on experimental issues to collab-
orating scientists, many of whom encounter 
similar problems. 

The Kenya Government provided the 40-ha 
site for the station in 1981. Beginning in 1990, 
ICRAF has also developed a modest facility for 
!oil and plant analysis. Soil samples can now be 
analysed for pH,texture, hulk density, phospho
rus, potassium and organic carbon. Substantial 
expansion of this facility is planned for 1992. 

Also at Machakos, the Kenya Forestry Re
search Institute (KEFRI), the National Dryland 
Farming Systems Research Station and the 
Machakos Integrated Development Project 
(MIDP) conduct a Dryland Agroforestry Re
search Project, with ICRAF acting in an advi
sory capacity and fund!, provided by IDRC, the 
Rockefeller Foundatiop and the Centre tech
nique forestier tropical (CTFT). 

The project's on-statiorj cm1pc-nent focuses 
on hedgerow intercropping and the effects of 
mulching on soil fertility and crop yields. The 
on-farm component is based in the Kakuyuni 
catchment area. Here, farms range from 3 to 17 
ha, and the most common crops are maize, 
beans, pigeonpea and cowpea. Farmers use 
oxen for ploughing and keep other livestock. 

In Western Kenya, ICRAF conducts re
seat'ch under the AFRENA programme at the 
Mascno Agroforestry Research Centre. In addi
tion, ICRAF's strategic research programme on 
multipurpose-tree improvement and manage
ment is based primarily at Maseno. All work at 
this site is conducted in collaboration with 
KEFRI and the Kenya Agricultural Research 
Institute (KARl). 

Population density in the region averages 
around 230 inhabitants per sq km, ranging to 
more than 1000 in sonic areas. Farms vary from 
less than 0.5 to more than 10 ha of arable land. 

Multipurpose-tree research at Maseno in
eludes species-screcning trials, farmer surveys, 
selection and breeding research on high-priority 
species, breeding biology and vegetative prop
agation studies, and work on tree-root symbi
onts. Research under the AFRENA programme 
includes mu!tipurpose-trce screening trials and 
on-station and on-farm experimentation to de
velop and evaluate agroforestry technologies 
for soil-fertility maintenance and fodder pro
duction. 'he on-farm component is funded by 
the Rockefeller Foundation, the Swedish Inter
national Development Authority (SIDA) and 
the Government of the Netherlands. 
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Figure 3. Collaborative research programme in the humid lowlands of West Africa: 
location of research sites. 

In 19'91, ICRAF launched an agroforestry 
research project based at the KARl Regional 
Research Centre in Embu, anlher densely pop-
ulated region of Kenya. Here, on-station and 
on-farm research include multipurpose-tree 
screening, hedgerow-intercropping trials, 1ul-
tipurpose trees for fodder and fuelwood, and 
monitoring and evaluation of agroforestry in 
local land-use systems. Support is provided by 
SIDA and the Kenya Government. 

Rwanda 
ICRAF isworking with the Institut de, sciences 
agronomiques du Rwanda (ISAR) at three sites. 
Research at Rwereie in the Cr te-ZaYre-Nil re-
Cion includes multipurpose-tree screening, fod-
der-production and hedgerow-intercropping 
trials, and studies to iniproe tree establishment 
and management in the high-alfitude zone. On-
fann studies in 1991 includcd diagnostic sur-
veys and exploratory trials testing promising 
agroforestry species and technologies. 

With acid soils and an altitude of 2350 m, 
environmental conditiom at Gakuta are harsh 
and few multipurpose-tree species are available 
locally. For this reason, research at this location 
puts considerable emphasis on general screen
ing trials to identify roultipurpose trees that 
perform well under these conditions. 

In 1991, experiments were also initiated at 
the ISAR Research Station at Rubona. Work 
here focuses on improving coffee production by 
raising multipurpose trees in coffee fields to 
provide green manure and mulch. 

Burundi 
In Burundi. ICRAF is conducting a collabora
tive research project with the Institut des sci
ences agronomiqus du Burundi (ISABU) at 
two sites-Mahiiisi and Karuzi Research Sta
tions. At Mashitsi, some experiments are also 
conducted in collaboration with the Institut de 
recherche agronomique et zootechnique 
(IRAZ). 



General multipurpose-tree screening trials 
are in progress at both sites, -and scientists at 
Mashitsi are also conducting species-screenrg 
trials for hedgerow intercropping. a fodder-pro
duction trial, and a ':!udV on multipurpose trees 
intercropped with bnana. In 1991, work on 
farms included diagnostic studies and.tech'o!
ogy testing for fodder production. 

Uganda 

Collaborative researc- isin progress at five sites 
iaUganda, cho:;en to represent a range of alti-
tudes within the zone. Experiments started in 
1988 at the Makerere University Agricultural 
Research lnstj'iue at Kabanvolo near Kampala, 
and in 198) at the Kachwekano District Farm 
Institute in Kabale District. In1990, this work 
extended to the Namulonge Agricultural Re-
search .tation near Kampala, the Kalengyere 
H1ighland Agricultural Research Station in 
K,ailie District, and the Bushenyi District Farm 
Institute inwestern Uganda. 

Within the AFRENA progrannie for Eastern 
and Central Africa. work in Uganda focuses on 
selecting and screening multipurpose trees for 
upperstorey planting and developing appropr;-
ate arrangements and na mgetent practices to 
produce poles, timber, Iuelwood, fodder, mulch 
and fruit. Work at Kabanyolo also includes tree 
screening for interplanting with banana. 

Inaddition to these zonal responsibilities, the 
project includes research focusing on the Kigezi
food-crop system in Kabale District. Techno!o-
gies under evaluation here include hedgerow 
intercropping on the contours of steeply sloping 
land, shrub and gras; strips on terrace risers and 
buinds, upperstorey tree!; with shrub and gra,.s 
strips on contours and boundaries, and fruit trees 

in croplands. On-farm research, initiated in 
1990, iivolves multipurpose-tree testing in co
operation with local group:; of women fanners. 

Humid lowlands of West Africa 

The hliid lowlands of West Africa-at an 
altitude of less than1 1000 nt--extend from 
Guinea Bissau in ttwe west. through pat s of 
(;uia.cl, Sierta Leone, Liberia, C6te d'Jvaire, 
Chana,Togo, Bertin and Nigeria, to Cameroon 
in the east. Annul rainfall averages more than 
1500 mm at mos, sites, distributed between two 
growing slasons (Figure 3)The vege'ation is 
tropical rain forest. 

Within the region. ICRAF has been engaged 
in a collaborative agroforestry project si ice 
1986at three sites inCameroon (Table?). Fund
ing is provided by IDRC. A second project was 
.iitiated in Nigeria in 1990, based at the Inter

national Institute of Tropical Agriculture 
(IITA). ICRAF also participates with IITA and 
the International Livestock Centre for Africa 
(ILCA) in the Alley Farming Network for Trop
ical Africa (AFNETA), with a coordinating unit 
at IITA in Nigeria. 

Cameroon 
ICRAF conducts collaborative research with 
the Government of Cameroon's Institut de la 
recherche agronomique (IRA). The focus is on 
the cocoa/food-crop production system in the 
southern plateau region of the country. The first 
phase of the project concentrates on the food
crop component. The second phase, which 
began in 1989, includes research on the role of 
agroforestry in cocoa production. 

Table 3. Collabcrative reseatch programme in the humid lowlands of West Africa: 
description of research sites. 

Altitude Mirimum/Maximum Average Annual Soil Types
Research Site (m) Temperatures ('C) Rainfall (mm) (FAO, 1988) 

Yaound6, Cameroon 700 19.2"/28.6" 1600 ferric acrisols 
Ebolowa, Cameroon 710 19.2"/28.6" 1650 ferric acrisols 
Sangmelima, Cameroon 720 19.0'/28.5' 1680 ferric acrisols 
Ibadan, Nigeria 230 11.1 "/38.9' 1280 ferric lixisols 
Onne, Nigeria 20 13.9"/36.1 2400 thionic fluvisols 
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ICRAF's collaborative research programmes are based on extensive field surveys
 
and interviews with farmers, such as here in Niger in the semi-arid
 

zone of West Africa.
 



In these humid lowlands, small-scale farm-
ers generally grow food separately from cocoa 
according to a complex system of shifting cul-
tivation. They begin the crop-producton cycle 
by clearing s:nall plots trom natural forest or 
fallow land. The cleared vegetation is usually 
burnt. Then as many as seven or more different 
food crops are planted. The:,o include short-
term crops such as maize, groundnut and yam 
and longer-duration crops such as plantain, cas-
sava and sugarcane. 

Short-term crops are harvested at the end of 
one season, while other crops are left in the 
fields for one, two or even three years. During 
this period, farmers return to their plots to har-
vest but do not practise any other form of man
agement. By the time the last crops are removed, 
the plots have been completely overtaken by 
weeds and invading species, particularly Etupa-
torhun odlora itm and napier grass (Pennisetuln 
purpurteum). They remain under this natural 
fallow until the next cropping cycle begins. 

As in many other regions of the tropics, 
increasing population pressure is accompanied 
by a reduction in the fallow period. Specific 
problems include: frogile and infertile soils; 
high labour requirements for land clearing, land 
preparation and weeding: crop destruction by 
free-ranging livestock; and limited resources to 
purchase chemical fertilizers or othcr inputs, 

ICRAFis investigating agroforestry techrnol-
ogles that could potentially help solve these 
problems. Collaborative on-station and on-farni 
research is conducted primarily at Yaound6 in 
Central Province. In 1990, a new station was 
opened at Ebolowa in Southern Province. Ex-
periments in progrcss in 1991 included multi-
purpose-tree screening and management trials 
for improved fallows, hedgerow intercropping, 
and hedgerow intercropping with livestock, 

Trials also began in 1991 at the IITA Humid 
Forest Research Siation at Mbalmayo. Work 
here is conducted undcr ICRAF's collaborative 
multipurpose-tree research project, which is 
based in Nigeria. 

Nigeria 
In October 1990, ICRAF launched a collabora-
tive project with IITA and Oregon State Univer- 
sity (USAJ to identify and improve 
multipurpose trees for agroforestry develop-

ment in the humid tropics of West Africa. Re
search is based at IITA headquarters in lbadan, 
Nigeria, and at Onne in southern Nigeria. The 
project is supported by USAID. 

Work focuses on the evaluatiorn of a br.ad 
range of indigenous and exotic tree species with 
a 	potential role ir. agroforestry systems. The 
project places special emphasis on indigenous 
trees with potential to produce fruit, food or 
fodder and on the adaptation of tr.es and shrubs 
to the infertiie, acid soils of the region. 

Semi-arid lowlands of West
 
Africa
 

The collaborative research programme in the 
SALWA region was launched in January 1989 
with the establishment of national steering com
mittees and task forces in the four participating 
countries-Burkina Faso, Mali, Niger and Sen
egal (Figure4). In addition tonational ministries 
and research institutes, regional and interna
tional organizations participating in the pro
gramme include the Institut du Sahel (!NSAH), 
the Consultative Advisory Committee on Semi-
Arid Food Grain Research and Development of 
the Organization of African Unity (OAU/-
SAFGRAD), the Sahelian Centre of the Inter
national Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT), and ICRAF. 
Funding is provided by the International Fund 
for Agricultural Development (IFAD) and 
CIDA. 

Agroforestry research programmes have 
been designed for one priority land-use system 
in each ofthe four participating countries. These 
are: 
* 	Burkina Faso: Agrosilvopastoral system 

of the northern sudanian zone 
• 	Mali: 'Parkland' system of croplands 

with scattered trees 
• Niger: Niger River valley system 
° Senegal: groundnut basin system. 

Table 4 lists the field sites where experi
ments have been initiated. Annual rainfall at 
these sites is low, ranging from only 315 to 850 
mm. There is one growing season, from June or 
July to September. 

Rainfed agriculture with mixed cropping is 
dLie dominant land-use pattern in all four uf these 
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Figure 4.Collaborative research programme in the semi-arid lowlands of West Africa: 
grwr•neirgto nea the Niger. River. Le• n.. l " •elilPercrulocation anddescription of pesearch sites.
 

systems. Millet and sorghum are the staple food 
crops, and livestock producion also plays an 
importar t role. In addition, farmers in Niger
grow rice under irrigation near the Niger River. 

D&D studies have identified several prob-
lema experienced by farmers in the region. The 
most seriousd and
dry-season fodder, soil erosion caused by wind 

and water, poor soil fertility, and damage to 

crops by free-ranging livestock. 


Agroporestry technologies iha[ could help

address these problems include windbreaks, 
trees on erosion-control structures, trees on field 
and farmn boundaries, trees in croplands and 
rangelands, and fodder banks. 

The following trials were initiated in 1991. 
They include a total of 15 multipurpose-tree 
species: 

* 	In Burkina Faso, mixee i-itercropping with 
trees for soil-fertility Iiiprovement and in-
creased crop production; screeniig and man-

agement trials for hedges on contour lines to 
control soil erosion 
I agement ofProsopieilifiGliricidia sepium,
I eucaena letucocephala, Pterocar-pus 

erinaceus and licens for inten,terocmts 

sive fodder production:establishment trias 
of livingrences of Ziziphus mauritiana and
Balanites aegypii.aca; species; screening for 

use asnulch; studies of the 'parkland'system 
InNiger,multipurpose-tree species screening 
for windbreaks in irrigation schemes; man
agement of Pr-osopisfiliforaliving fences 

- In Senegal, establishment of living fences of 
single or multiple species, establishment of 
windbreaks of sin~gle or multiple species arid 
assessment of their impact on soil character
istics and crop yields; species screening for 
hedgerow intercropping; study of the 

'parkland' system.
 
A special research project was also initiated
 

in the region in 1991 to improve selected mul



Research Site 

Gons6, Burkina Faso 
Saria. Burkina Faso 
Faya, Mali 
Cinzana, Mali 
Kolo, Niger 
Lata, Niger 
N'Dounga, Niger 
Sador6, Niger
Bambey, Senegal 
Bandia, Senegal 
Nioro, Senegal 

Altitude 
(m) 

315 
300 
340 
280 
200 
190 
210 
240 

20 
50 
20 

Minimum/Maximum

Temperatures ('C) 


22.0"/35.0" 

22.0'/35.0' 

24.8"/33.6" 

18.5'/41.6' 

20.6"/35.1* 

22.6"/37.0" 
22.7*/36.9" 
22.1 /45.8"
22.0"/36.0' 
20.U"/29.0" 
22.0"/37.0' 

Average Annual Soil Types
Rainfall (mm) (FAO, 1988) 

750 lixisols 
820 lixisols 
850 lixisols 
725 lixisols 
480 lixisols 
315 lixisois 
460 lixisols 
560 lixisols 
500 planosols 
375 lixisols 
750 lixisols 

Table 4. Collaborative research programme in the semi-arid lowlands of West Africa: 
description of research sites. 

tipurpose trees. An ICRAF scientist has been sites across Africa. Tables 6a and 6b list the 
assigned to this project based at ICRISAT's multipurpose-tree species under assessment 
Sahelian Centre in Niger. within these technologies. General screening

Table 5 lists the major agroforestry technol- trials include a much larger number of species.
ogies under study in 1991 at different research 

Table 5. Agroforestry technologies under study in 1991 at rese;rcih sites in 16 countries of Africa. 

Technology 

Hedgerow intercropping 

Improved fallows 

Woodlots 
Fodderlcts 

Trees with fodder grass 
on erosion-control structures 

Boundary planting 
Upperstorey trees in banana plots
Trees planted in relay with food crops
Living fencas 

Rotational tedgerow intercropping 
Hedgerow intercropping with livestock 
Home gardens
Mixed intercropping 
Windbreaks 
Biomass transfer for soil fertility 

Subhumid Zone 

Burundi, Kenya, 
Malawi, Rwanda, 
Zambia 

Kenya, Malawi, 
Zambia 

Zambia 
Burundi, Kenya, 

Zambia 
Burundi, Kenya, 

Rwanda 
Kenya, Uganda 
Burundi, Uganda
Malawi 
Malawi 

Tanzania 
Kerva, Tanzania 
Kenya, Tanzania 

Malawi, Zambia 

Humid Zone 

Cameroon 

Cameroon 

Nigeria 

Cameroon 
Cameroon 
Nigeria 

Semi-Arld Zone 

Burkina Faso, Mali, 
Senegal 

Mali 

Burkina Faso 

Mali, Niger, 
Senegal 

Kenya 

Burkina Faso 
Niger, Senegal 



Eastern and Humid Lowlands 
Species (Family) Southern Africa Central Africa of West Africa 

Acacia auriculiform;s 
(Leguminosae)

Acacia nilotica 
(Leguminosae)

Acacia polyacartha
(Leguminosae)

Acrocarpus fraxinifolius 
(Leguminosae)

Albizia chinensis 

Mixed intercropping 

Mixed intercropping
Improved fallaws 

Trees inbanana plots 

Trees inbanana plots 

Hedgerow intercropping 

Hedgorow intercropping 

(Leguminosae)
Albizia coriaria 

(Leguminosae)
Albizia lebbeck Mixed intercropping 

Trees inbanana plots 

(Leguminosae)
Alnus acuminata 

(Betulaceae)
Alnus melanoxvlon 

(Betulaceae)
Alnus nepalensis 

(Betulaceae)
Artocarpus heterophyllus 

(Moraceae)
Azadirachta indica 

(Meliaceae) 
Cajanus cajan 
(Leguminosae)

Calliandra calothyrsus
(Leguminosae) 

Mixed intercropping 

Hedgerow intercropping 

Trees inupperstorey 

Trees inupperstorey 

Trees inupperstorey 

Trees inbanana plots 

Hedgerow intercropping
Fodder production 
on contour bunds 

Hedgerow intercropping 
Improved fallow 

Carica papaya
(Caricaceae)

Cassia siamea 
(Leguminosae) 

Cassia spectabilis
iLeguminosae)

Casuarina cunninghamiana 
(Casuarinaceae)

Casuarina equisetifolia 

Hedgerow intercropping 

Trees inbanana plots
Mulch incoffee plots
Mulch production 
Propagation methods 
Mixed planting 
on contour bunds 

Hedgerow intercropping
Trees inupperstorey 
Hedgerow intercropping
Trees inupperstorey
Trees inupperstorey 

Trees inupperstorey 

Hedgerow intercropping 

(Casuarinaceae)
Casuarina glauca

(Casuarinaceae) 
Casuarinajunghuhniana

(Casuarinaceae)
Cedrela odorata 

(Meliaceae)
Cedrela serrata 

(Meliaceae) 
Cordiaabyssinica
(Boraginaceae)

Crotalaria anagyroides 
(Leguminosae) 

Cupressus lusitanica 
(Cupressaceae)

Cupressus sempervirens 
(Cupressaceae)

Desmodium discolor 

Trees inupperstorey 

Trees inupperstorey 

Trees inbanana plots 

Trees inbanana plots 

Trees inupperstorey 

Trees inupperstorey 

Trees inupperstorey 

Improved fallow 

Improved fallow 
(Leguminosae) 

Table 6a. Multipurpose-tree species tested in agroforestry technology trials at 35 sites in 1991. 



Species (Family) 

Desmodium distorturn 
(Leguminosae)

Erythrinaabyssinica 
(Leguminosae)

Erythrina caffra 
(Leguminosae)

Erythrinapoeppigiana 
(Leguminosae)

Eucalyptus grandis 
(Myrtaceae)

Faidherbia albida 
(Leguminosae)

Flemingia congesta 
(Leguminosae)

Flemingia macrophylla 
(Leguminosae)

Ficus natalensis 
(Moraceae)

Gliricidia sepium
(Leguminosae) 

Grevillea robusta 
(Proteaceae) 

Jacaranda mimosifolia 
(Bignoniaceae)

Leucaena diversifo/a 
(Leguminosae) 

Leucaena leucocephala
(Leguminosae) 

Leucaenapaniculata 
(Leguminosae)

Maesopsis eminii 
(Rhamnaceae)

Markhamia lutea 
(Bignoniaceae) 

Melia azedarach 
(Meliaceae)

Paraserianthes talcataria 
(Leguminosae)

Polyscias fulva 
,Araliaceae) 

Psidium guajava 
(Myrtaceae)

Pterocarpusmilbraedii 
(Leguminosae)

Sesbaniasesban 
(Leguminosae) 

Sesbania macrantha 
(Leguminosan)

Tephrosia vogelii 
(Leguminosae) 

Southern Africa 

Wood/fodder lots 

Hedgerow intercropping 

Hedgerow intercropping
Biomass transfer 

Hecigerow intercropping
Improved fallows 
Biomass transfer 

Mixed intercropping 

Hedgerow intercropping 
Improved fallows 
Biomass transfer 
Relay planting 

Hedgerow intercropping 

Eastern and 
Central Africa 

Mulch incoffee plots 

Trees inupperstorey 

Hedgerow intercropping 

Trees inbanana plots 

Trees inupperstorey 

Mulch incoffee plots 

Mulch incoffee plots 

Trees inbanana plots 

Hedgerow intercropping
Mulch incoffee plots
Trees inupperstorey
Trees inbanana plots
Trees inupperstorey 

Hedgerow intercropping
Fodder production 
on contour bunds 

Trees inbanana plots
Mulch incoffee plots
Mulch production 
Propagation methods
Hedgerow intercropping
Fodder production 
on contour bunds 

Mulch production
Fodder production 

Trees inupperstorey 

Trees inupperstorey
Trees inbanana plots
Trees inupperstorey 

Trees inupperstorey 

Hedgerow intercropping 
Fodder production 

on contour bunds 
Mulch production 
Propagation methods 

Mulch incoffee plots 

Humid Lowlands 
of West Africa 

Improved fallow 

Hedgerow intercropping 

Hedgerow intercropping
Wood/fodder lots 

Hedgerow intercropping 

Living fences 
Home gardens 

Table 6b. Multipurpose-tree species tested in agroforestry technology trials at 35 sites in 1991. 
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Trees fulfil many functionsin densely populatedareas of the Kenya highlands. Agroforestry 
research is designeo to help farmers use trees even better. 

D~uring 1991, . here was a major emphasis on 
reviewing the objeclive,, and activities of 
ICRAF's Programme One. Previously calledl 
"Land-Use Systems Analysi s'. the principal ac-
livities of tlis programme included conducting 
ID&l exercises in thle field, preparing reviews 
on priority topics, and developing and updating 

aro lorest ry dltabases and models. This al,a] 
report for 1991 hilihlits some of the results of 
these activities. 

In line with the development of ICRAF's 
strategy and its increasing emphasis on re-
search, the focus of P'rogramme One was refor-
mulated during the year. This redefinition stemis 
from a recogn ition Iiat the adoption and pe rfor-
manice of improved agrof'orestry :,.\stems is in-
fluenced by a wide range of biophysical and 
socio-econolnic factors, 

Programme One now focuses on th e identi-
fication and analysis of these factors. This task 
is critical because it provides a logical frame-
work for prethicting the effects of agroforestry 

in env ironnilental andI socio-eConlomfiC terms. 
Through the delineation of homogeneous land
use systems, work in Programme One also helps 
to improve the identification of research targets 
and potential beneficiaries. Such information is 
usef'ul not only to ICRAF andi to collaborating 
researchers, but also to national decision makers 
and land-use planners. 

In keeping with this new emphasis. the name 
of the programme has been changed to 'Envi
ronmental Characterization and Analysis'. 
Three major research areas are envisaged ini 
coming years: 
* 	 Evaluation of land resources, with, a focus on 

tdel'iing the most a pprop ri ate targets for 
agroflorestry research 

• 	 Predictive assessment of the socio-economic 
impact of agroforestry systems 

* 	 Predictive assessment of the environmental 
consequences of agrobo~restry initiatives, with 
emphasis on carbon fluxes and the conserva
tion of biological diversity. 



Characterization of land-use 

systems 

Based on studies in several countries, ICRAF 
scientists have developed the 'diagnosis and 
design'---or D&D--methodology to describe 
and aridyse existing land-use systems, to iden-
til, production constraints and causal factors, 
and to design appropriate agroforestry technol-
ogies to help alleviate these constraints. Meth-
odological tools are now available for the initial 
planning of agroforestry research and develop-

ient projects and also Ifor the self-corrective 
rediagnosis and redesign' that continue 

throughout project implementation. This itera-
live process functions as tile heart of aproject's 
internal monitoring, evaluation and planning 
sVstem, 

Agroforestry research normally begins with 
a macro D&D exercise covering an entire eco-
logical zone within a country. This consists of a 
rapid appraisal, based primarily on secondary 
inforniation complemented by a few selected 
surveys in the field. 

A central aspect of the macro D&D is the 
delineation of land-use systems within tie cho-
sen ecological zone, leading to the selection of 
target systems for more detailed analysis-the 
micro D&D. The main output of the D&D pro-
ccss is likely to be a research plan, aimed at 
developing agroforestry technologies that will 
address key needs and opportunities within the 
designated land-use system. Through research 
on station and on farmers' fields, agroforestry 
technologies are tested, redesigned and retested. 
At the same time, researchers go back to the 
target land-use system-through an iterative 
D&D process-to define and evaluate land-user 
problems and potentials with greater precision, 

This continuous process of going back to the 
Lind users provides an essential input into re-
search design and implementation. Information 
from continuous D&D surveys also plays a role 
in the analysis of experiments: results are as-
sessed in terms of the land users' resources, 
management capabilities, anticipated costs and 
benefits, and risk. In 1991, ICRAF scientists 
and colleagues from national institutions con-
ducted micro D&Ds and more detailed follow-
up surveys in Bangladesh, Ghana, Kenya, 
Uganda and Rwanda. 

Rice and food-crop production 
inthe Barind Tract of Bangladesh
In 1941, ICRAF and the Bangladesh Agricul
tural Research Council (BARC) participated in 
the second of two micro D&D surveys in 
Bangladesh. Work focused ol Godagari in the 
Barind Tract region of North Bengal. Here, 
annual rainfall averages 1400 rm, but it all falls 
during the six-month growing season, leaving 
the area extremely dry the rest of the year. Most 
of the farmland belongs to absentee landlords. 
with small farms cultivated by tenants. Any 
agroforestry technology introduced in this area 
must satisfy tle needs of both groups. 

Fields are terraced and houses are sur
rounded by home gardens. The farmers grow 
rainfed and some irrigated rice, plus off-season 
crops, such as chickpea, where residual soil 
moisture is adequate. Most t nant households 
also keep a few cattle. Field crops are shared 
equally between tenants and landlords, but the 
tenants usually keep all the produce froni th.eit 
home gardens. 

In interviews with the D&D team, tenant 
farmers listed food and cash as their m .st im
portant needs. Fodder fbr cattle was also insuf
ficient. The farniers (lid not identify fuelwood 
as a major problem, probably because they rely 
almost entirely on cow lung for fuel. Indeed, 
some farmers considered (lung the most import
ant product from their animals. Major con
straints were lack of water during the dry season 
and poor soil fertility. Other issues were poor
development of home gardens and cottage in
dustries and limited employment opportunities. 

To increase opportunities for dry-season 
farming, the D&D team recommended the con
struction of irrigation ponds. To improve soil 
fertility, the team suggested dry-season tree fal
lows, using fast-growing nitrogen-fixing spe
cies such as Sesbania aculhata or Cajarus
cajan. Farmers were already maintaining scat
tered Acaciainilotica trees in their fields and the 
team recommended the expansion of this prac
tice. Finally, the researchers suggested that 
farmers plant hedges along boundaries, around 
ponds and around home compounds to provide
fuelwood, animal fodder and malch. 

Hedgerow intercropping ,',is proposed for 
non-irrigated terraces, using Leucaena 
leucocephala or Cajanus cq/ai with dry-season 



crops of mungbean or sorghum. Woodlots were 
recommended for government-owned waste-
lands, and living fences to control c:ttle. The 
team also suggested improvements in tile tradi-
tional home gardens. 

Two agroforestry-based cottage industries 
were recommended--silk and lac production. 
Farmers with mulberry trees could sell the 
leaves to silk producers or could reap higher 
profits by raising their own silk cocoons. Lac 
could he harvested from several tree species--
Zi:iphus JuJuba. "Acacia cate'hu, Acacia 
nilotica orAhibLia hbheck--when infested with 
the appropriate scale insects, 

Both the tenant farmers and tile land owners 
were enthusiastic about the suggestions pro-
posed by the D&I) team and agreed to share the 
profits from agroforestry equally. Because 
some of these proposals involve major innova-
tions, further research is needed in several areas, 
This will be conducted through the National 
Coordinated Farming Systems Research Pro-
gramne at anearby field site of the Bangladesh 
Agricultural Research Institute (BARI). 

Oil palm, cocoa and food-crop 
production in the humid lowlands 
of Ghana 
ICRAF's collaborative research project in 
Ghana began in 1989 with a macro D&D survey 
in the country's southern humid zone. The sur-
vey teai identified six land-use systems and 
praposed appropriate agroforestry interventions 
for each. Two technologies hold the most prom-
ise fbr the region as a whole: 
" Cover crops under oil palm, coconut and cit-

,us trees to provide fodder and help maintain 
soil fertility and control weeds 

" Boundary plantings to provide fodder, fuel-
wood and poles. 

Other promising technologies include 
fodderlots and wood!ots, mixed intercropping, 
improved fallows and living fences. 

A micro I)&D study was completed in 1991, 
focusing on the two most important land-use 
systems. In both, farmers grow oil palm, cocoa 
and food crops, but in one they emphasize oil 
palm and in the other the emphasis is on cocoa. 
A multidisciplinary team explored the practices 
and attitudes of a sample of 41 farmers. Table 7 
presents some of their findings, 

When farmers establish an oil-palm planta
tion, they cultivate food crops for two to three 
years under the young trees. Liter oil, weeds 
invade the plots and soil fertility declines. In 
some cases, erosion is also a problem. By con
trast, on tile large-scale Twifo oil-pahm planta
tion in central Ghana. Pueraria sp. planted as a 
leguminous cover crop helps maintain soil fer
tility and produces 10 t/ha offresh bioinass with 
low maintenance costs. Tile study team pro
posed intrducing a similar system on small 
farms, but with the addition of controlled graz
ing by sheep and goats. All the farmers inter
viewed were enthusiastic about tile system and 
apreed to provide land for on-farma trials. 

Farmers keep home gardens and raise a few 
sheep and goals, but neither activity is particu
larly well developed. The study team suggested 
several improvements, including living fences. 
boundary plantings, mixed intercropping with 
fruit trees, and better livestock management. 
Research will focus on competition, comple
mentarity and the nutritive and economic value 
of different components in honie gaidens. 

Hedgerow ntercropping might ne beneficial 
in food plots, particularly on sloping land where 
contour hedgerows could help conirol erosion. 
However, considerable research would be re
quired to ascertain the biophysical and eco
nomic viability of this technology. 

Results from these surveys will be used to
gether with reviews of scientific information to 
formulate an agroforestry iesearch programme 
for participating institutions in Ghana. 

Wood, fodder and soil-fertility 
problems in western Kenya 
Early D&D survey:; in western Kenya indicated 
serious land-use problems on small farms de
voted to maie, beans and other food crops. 
These included soil depletion and shortages of 
wood and fodder supplies. In 1991, a team based 
at the Maseno Agroforestry Research Centre 
conducted follow-up surveys to provide a more 
detailed analysis of some of the key constraints. 

One informal survey analysed wood short
ages. production opportunities, and farmers" 
species preferences for wood production. Work 
focused on areas of Yala )ivision at altitudes 
ranging from 1300 to 1500 n and annual rainfall 
averaging more than 1600 intn. Forty-three 
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farmer groups participated in discussions and 
interviews. Women, who made up 57% of the 
farmers, were the main respondents on fuel-
wood issues, while men tended to answer ques-
tions about uses of wood for construction, 

Farms in this high-potential area are small, 
ranging from 0.5 to 1.5 ha, and farmers rely 
almost entirely on their own trees for wood 
supplies. There islittle communal land and most 
cropland is underalmost continuous cultivation. 
A typical household requires about 8.5 k of dry 
fuelwood every day. Women normally spend 
two hours each afternoon collecting fuelwood. 
Available sources are mostly of poor quality, 
often twigs from hedgerows ofLantanacamara 
or Euphtbia tirucalli. Crop residues are also 

increasingly used as fuel instead of being re
turned to the land or fed to livestock. 

Farmers prefer fuelwood species that dry 
quickly and that give a Iong-lasting fire without 
producing smoke. Species such as Markhamia 
/ht'a, Alhizia crwiria and C mthretmotmolle 
are popular, but seldom available. 

For a typical household, the construction of 
essential buildings requires about 60 large-di
amcter (13 cm) and 60 .niall-diameter (8 cm) 
poles-equivalent to 30 five-year-old trees plus 
60 three-year-old trees. The buildings need to 
be reconstructed after about 20 years, and farm
ers usually buy poles from neighbours when 
they are required. Thus, on average, farners 
would need to harvest about five trees per year 

Table 7. Practices and attitudes of farmers in the humid lowlands of Ghana related to the adoption 
ofagroforestry: results of a ,urvey conducted in 1991. 

Oil Palm/Food Crops/ 

Cocoa (n = 20) 


Major uses of trees 
Shade/windbreak 
Building materials 
Ornamental value 
Livestock fodder 
Stakes for yam plants 
Erosion control 

Willingness to adopt agroforestry technologies 
Cover crops under trees 
Woodlots 
Mixed intercropping 

Boundary plantings 

Fodder production 


Soil-improvement mothods currently in use 
Fallowing 

Mulching 

Manuring 

Cover cropping 

Well-maintained plots 


Constraints to agroforestry adoption
Lack of planting material 
Financial constraints 

Labour bottlenecks 

No problems anticipated 


100% 
95% 
85% 
70% 
65% 
65% 

100% 
70% 
70% 
65% 
55% 

60% 
40% 
20% 
15% 
10% 

45% 
15% 
10% 
45% 

Cocoa/Food Crops/
 
Oil Palm (n = 21)
 

90% 
95% 
67% 
62% 
48% 
38% 

100% 
52% 
52% 
57% 
48% 

71% 
19% 

5% 
0% 

10% 

19% 
14% 
19% 
43% 
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Farmers in Zambia sell fuelwood harvested illegally from natural forests. Agroforestry can help 
these farmers earn cash without destroying the natural-resource base. 

to meet their and their neighhours' consiruction siVe ard tarot-produced fodder is limnited and of 
needs. Farmers stated a prefcrence for species poor quality, particutrlly during the dry season. 
that grow quLiCkly and provide poles that are On-station results at Maseno have indicated 
durable, straight, strong and termite resistant, positive interactions between leguniirious fod-
Favourite pole species are Markhaumia lhaea. dcr trees, such as LOIuCw'u /'11COC1m7la and 
eucalyptus and Brideliumicrantha.Cy'press and Calliandracalothvr.sas and the fodder grass 
Grevilh'arohuta are preferred for timber. Penniseitum ;IurTjreim when trees and grass 

There are good niarkets fOr fuelwood. poles are grown together oi sOlI-conservltion binds. 
and timber. However, increased production is In 1991, ICRAF joined the Kenya Ministry of 
limited to species that do not conpete strongly Livestock Development to lest these combirna
with crops becaise there is no space to plant tions on about 40 ta rrns. either on bulnds or in 
trees except within or bordering cropland. fodder banks in cropland. Many farmers asked 
Farriiers and extensionists also cited tie high to take part in the trial, suggesting a high level 
cost and poor avaifabi lity of tree seeds and of interest inl improved fodder producti,;n. 
seedlings as well as limited iril'orrmaion on tree- A third survey conducted in 1991 focused Ol 
plainting methods. Formal survey's are now in the current soil-fertility status ol'tarmers' fields 
progress to confiri these findins. in high-rairnfall areas of Ki sumu, Siaya arrd 

Another 1991 survey in the samne area con- Vihiga Districts. AnI earlier litcratture review 
centrated on fodder production. There is a nar- had identified soil acidity, low nutrient reserves, 
ket for milk, manrre amd traction, but livestock low availfable phosphorus, and lirited rooting 
productivity tends to be low, with unimproved depth as constraints on igroforestry develop
cattle kept mainly as a source of capital. Ex- ment in the reoion. 
tensiionists are working to introduce stall-feed- The 1991 survey was based on 24 topsoil 
ing systems with improved dairy cattle, samples (att depths of 0- 15 cr1), 12 subsoil 
However, purchased concentrates are expen- samples (i 5-50 cii),and 6 deeper samiples (9(1



100 cm) taken from maize fields on 32 farms. 
The fam-,s were selected to represent the major 
soil types of tileEastern and Central African 
highlands-acrisols, ferralsols and nitisols. The 
samples were analysed by KARl at their 
Muguga laboratory. 

Stone or laterite layers likely to restrict tree 
root growth were found in tile subsoil--at 
depths less than 50 cm---n It0out of the 32 
farns. Three additional farms had restrictions at 
less than one metre. Most of the topsoils and 
subsoils were strongly acidic, with pH values (in 
water) between 4.0 and 5.4. 

More than half of the farms had very low 
levels of avilable phosphorus (Olsen P<4 
mg/kg) in the topsoil. On 26 farms, available 
phosphorus in tie subsoil and deeper layers was 
also very low. I'hese results confirm that phos
phorus inputs are likely to be essential for sus-
tainable agroforestry. Reserves of other 
nutrients are still being analysed. 

Agroforestry systems inventory 
ICRAF's agroforestry systems inventory proj-
ect, conducted over five years from 1982 to 
1987, produced a database (4f information on 
indigenous agroforesry systems in Latin Amer-
ica, Africa and Asia. In 1991, ICRAF entered 
into collaboration with the School of Agi icul-
tural and Forest Sciences of tileUniversity of 
Wales at Bangor (UK) to develop, extend and 
maintain this database. Work in 1991 entailed: 

Restructuring the data with a consistent focus 
on agroforestry practices within a systems 
framework 

• Designing a pew structure for a multiple-file 
re!ational database using dBASE IV 

* Developing a nenu-driven user interface to 
allow inexperienced users to conduct pewer
ful searches 

* Setting up a file structure to facilitate the 
incorporation of new data.
 
Future activities will include tile
systematic 

collection, processing and entry of information 
on agroforestry practices observed all over the 
world. Issues of compatibility with component 
databases, such as 1CRAF's Multipurpose Tree 
and Sh/ubl Datatbase, and with other intema
tional databases will also be addressed. 

Agroforestry and fruit crops 

,,groforestry development activities have 
tended to focus on the use of trees and shrubs to 
enhance soil fertility and to provide fuelwood, 
fodder, timber and poles. The potential of fruit 
trees for agroforestry has seldom been fully 
considered, and information is fragmentary. 

Yet D&D exercises and other field surveys 
have indicated that fruit trees tend to have high 
priority among farmers. In 199 1. ICRAF com
missioned a review of agroforestry and fruit 
crops, aimed at formulating a strategy to fit fruit 
crops into agroforestry research and develop
men and identifying priority research issues. A 
senior visiting fellow conducted a one-year re
search project that included an extensive litera
ture review plus field surveys in Eastern and 
Central Afi ica. The project was funded by the 
German Agency for Technical Cooperation 
(GTZ). 

Table 8. Some fruit species with multiple uses in traditional agroforestry systems. 

Agroforestry System and Country Species 

Home gardens, Bangladesh 
Cashew/coconut plantations, Kenya 
Terraced food crops, Sudan 

Maninjau forest gardens, Indonesia 
Cocoa/coffee plantations, Ecuador 
Coffee plantations, Venezuela 
Coffee/banana plantations, Burundi 

Artocarpus heterophyllus 
Anacardium occidentale 
Cordia abyssinica 

Durio zibethinus 

Uses 

Fruit, timber, fodder 
Fruit, fuelwood 
Fruit, fodder, wood 
for construction 

Fruit, timber 
Anacardium excelsum, Vitex spp. Fruit, shade 
Inga spp., Syzygium americana Fruit, living fences, shade 
Persea americana Fruit, food, fuelwood 



Land-use System 

Cocoa/foodcrops ,',,stem, humid lowlands 
of West Africa 

Coffee/banana system, subhumid highlands
of Eastern and Central Africa 

Annual foodcrops system, subhumid 
to semi-arid hiahlands of Eastern 
and Central Af ica 

Annual foodcrops system of the semi-arid 
lowlands of West Africa 

Cocoa and annual foodcrops system
of the humid lowlands of Latin America 

Agroforests and plantation systems 
of Southeast Asia 

Species 

Artocarpus altilis, Dialium guineense, Irvingia
gabonensis, Tetracarpidium conophorum 

Artocarpus heterophyllus, Boinbacopsis glabra,
Cyphomandra betacea, Durio zibethinus, Inga 
edulis, Persea americana 

Annona cherimola, Cordia abyssinica, Grewia 
asiatica, Mangifera indica,Ziziphus spina-christi 

Annona senegalensis, Borassus aethiopum,
Mangifera indica, Parkia biglobosa, Sclerocarya 
birrea, Ziziphus mauritiana, Butyrospermum 
paradoxum ssp. park/i 

Achras sapota, Bactris gasipaes, Citrus paradisi,
Crataegus mexicana, Guazuma ulmifolia, Inga 
edulis, Paraqueiba sericea, Prunus c3puli, 
Syzygium malaccense 

Areca catechu, Artocarpus integer, Averrhoa 
bilimbi, Baccaurea reticulata, Durio zibethinus, 
Lansium domesticum, Mangifera foetida,
Pandarus tectorius, Samanea sanan, Syzygium
malaccense 

Table 9. Suggested fruit species for research and extension in different ecological zones. 

Fruit crops are defined as trees, shrubs and 
perennial herbs that are exploited primarily for 
their edible fruits. Farmers in Africa, Asia and 
Central and South America include fruit crops 
in home gardens and on crop and pastureland 
(Table 8). The literature from different aiatsof 
the world 'escrihes 14 species inhome gardens, 
17 species in communal gardens, and 16 species 
on cropland or pastures. 

Sone examples offrui: crops inagroforestry 
systerns are given nTable 9.Where markets are 
accessible, farmers tend to grow fruits mainly to 
generate cash income. In more remote areas, the 
primary role of fruits isto enhance family food 
supplies. 


In field surveys, farmers mentioned several 
fruit-production problems. These are listed with 
suggestions for research and extension: 

1.Shortage of good planting material-fruit 
species, selected according to farmer prefer
ences, should be included in tree nurseries 

2. Low proficiency in fruit-crop husbandry
researchers should develop prototype coin
binations of fruit species with food crops and 
other multipurpose trees; extension agencies 
and non-governmental organizations shouid 
conduct training courses on the production 
and management of fruit crops in 
agroforestry systems 

3. Small farm size, accentuating problems of 
competition with food crops-fruit species 
should be selected with small or sparse can
opies; they should be planted in appropriate 
fantaniches such as boundaries, valley bot
toms or contour bunds; suitable pruning sys
tems need to be developed 
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Livestock-feeding trialsassess the palatabilityand nutritionalvalue of fodder 
from multipurpose trees. 

4. Marketing problems, including transpori arid 
pricing-fanner cooperatives should be dc-
veloped to market fruit crops; researchers 
arid extensionists should develop arid pro-
mnote appropriate techniques for fruit pro-
cessing and preservation 

5. Pests and dise'ases-integrated pest-nmanage-
mnent strategies are needed. 

Agroforestry and pastoralism 

A series of'reviews onl agrof'orestry in arid and 
serni-arid lands was largely completed in 199 1, 
with support f'rom NORAD. Work focused pri-
mnarily on experience in the pq~storal areas of' 
Eastern Africa, bill considered issues relevant to 
other pastoral regions. Topics included: 

•Evaluation 	 of participatory extension and re-
search in a pastoral system. A case study f'rom 
Turkana, Kenya, describes an extensive, par-
ticipatoiy extension programmne. 

•Tenure 	 rights it) trees amiong the Turkana 
pastoralists. Tile Turkana systemn of usufruct 
rights to trees provides interesting lessons for 
agroforestry research and development. The 
implications for land policy and law are also 
considered. 

-	 Agroforestry in the interface between pasto
ralismn and agriculture. A review of' the cur
rent and potential role of' agroforestry in 
regions shared by pastoralists and agricultur
alists identifies important research and policy 
issues to ensure, in particular, that the intro
duction of' agroforestry does not further 
inarginalize pastoralists. 

•Local 	 knowledge, natural-resource mianage
nent and participatory extension in pastoral 
areas. A review for field practitioners uses 
experience amiong the Turkana in Kenya to 
demionstrate practical approaches to natural
resource management arid participatory ex
tension in pastoral areas. 
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ICRAF and collaborating scientists initiated multipurpose-tree screening trials at Makoholi,
 
Zimbabwe, in December 1990.
 

Multipurpose trees are an integral component Because agroforestry fits into diverse land
of agroforestry systems. Most grow quickly. use systems, catering for the needs of different 
and many--such as Leucaena letucocephala types of land user, tree-improvement pro
and Sesbania seshan-are legumes that fix at- grammes for agroforestry must look at a much 
mosphcric nitrogen, thus improving the soil. wider range of species than forestry pro-
Others produce fruit or timber and grow N!11in grammes. There are currently some 1100 spe
combination with annual crops. cics listed in ICRAF's Multipurpose Tree and 

Besides providing a wide range of services Shrub Database.An agroforestry programme
and products, several multipurpose trees are mut also take into account a wide range of 
adapted to difficult environmental conditions, goals for tree improvement. These may include 
such as drought or saline or strongly acidic food, fodder and mulch production, adaptabil
soils. Others col,c, with difficult nianageinent ity to difficult sites, compatibility with crops
conditions, such as frequent lopping to provide and livestock, and suitability for intensive man
branches for fodder and fuelwood. agement. 

Most of these multipurpose-tree species Given the paucity ot current information on 
exist primarily as wild or unselected popula- multipurpose trees and the prospects forgenetic
tions with a great dea] of natural variability. improvement, the potential benefits of research 
There are considerable opportunities for im- in this area are enormous. The goal of ICRAF's 
proving such populations through selection and Multipurpose-Tree Improvement and Manage
breeding. irrent Programme is to identify and improve 
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Bridelia micrantha is a popular agroforestry species in the home gardens of northern Tanzania.
 
Here a farmer lops branches for fodder.
 



species and provenances that can enhance the 
productivity, diversity and sustainahility of tar-
get land-use systems. This is done by: 
" Surveying farmer knowledge, preferences, 

utilization and constraints related 

to multipurpose trees 


* 	Screening species for adaptation 

to particular sites aid agroforestry 

technologies 


" Evaluating provenances of high-priority 

species 


* 	Collecting, evaluating and conserving 

germplasm 


" Assessing genetic variation in natural 

and cultivated populations 


, Studying breeding biology 

* Selecting and breeding superior ideotypes 

" Developing improved tree-management 


systems 

" 	Assembling information on multipurpose 


trees for global dissemination. 


Multipurpose-tree surveys 

ICRAF and collaborating scientists have con-
ducted multipurpose-tree surveys in six coun-
tries-Cameroon, Kenya, Malawi, Nigeria, 
Tanzania and Zambia. The objectives are to 
learn how fiarmers us,: and manage multipur-
pose trees, which species they know and value, 
and what opportunities exist for improving the 
productivity and sustainability oflocal land-use 
systems through agroforestry. This information 
is used to help refine research agendas. 

In 1991, surveys were completed in five 
states of southeastern Nigeria, in Kenya's 
Embu District, in western Tanzania, and in the 
area around Kigezi in southwestern Uganda. 
Some of these will be described in more detail. 
Future plans include: 
" Surveys in the subhumid tropics of Eastern 

and Southern Africa on the use of trees for 
soil improvement plus fodder, fuelwood and 
fruit production 

" Surveys in the West African humid tropics 
on trees for soil improvement and food pro-
duction 

" Surveys in the semi-arid tropics of West Af-
rica on traditional uses of multipurpose trees 
for soil improvement and fodder production. 

Multipurpose trees in Tanzania's 
subhumid zone 
A survey was completed in 1991 in the Tabora 
region of Tanzania to learn how farmers use 
and manage multipurpose trees, particularly in 
relation to their cropping and livestock enter
prises. One aim was to identify trees that are 
popular with farmers as a basis for selecting 
species to test in agroforestry technologies. 

Researchers conducted four group inter
views and 21 individual interviews with farm
ers ir each of four districts. Land holdings 
ranged from 2 to 15 ha, often divided into two 
or three separate plots. Most land was under 
continuous cropping. 

Wood is used for household fuel, construc
tion and tobacco curing. Although supplies 
from natural forests are becoming scarce, very 
few farmers plant trees in their fields because 
of possible competition with crops inud because 
tree roots hinder ploughing by draught animals. 
Vcry few have established treelots due Io lab
our constraints, lack of seedlings and training. 
and the slow growth of local species. 

Most farmers leave a few trees when they 
clear their fields, particularly those that are 
associated with fertile soils or provide useful 
products. Preferred species include AIhizia 
harvevi, Brachvstegia hochmii, Brachystegia 
spiifi'nis, Margaritariadiscoideaand Pert
copsis angoh'nsis as well as fruit trees. 

Another major concern is fodder for live
stock during the dry season. Farmers use tree 
fodder as availabl, and expressed an interest in 
planting quick-maturing fodder trees on fallow 
land. in home compounds, in fodder banks or 
around farm boundaries. The tree species most 
widely used for fodder are Azanza garckeana, 
Dalbergia inelanoxv/on, Dichrostachys 
cinerea, Friesodielsia o/ovata, Lonchocarpus 
hussei, Margaritaria discoidea, Ph vllanthus 
engh'ri, Tumnarindus indica, Vite.v nomhassae 
and several species of Acacia. 

Farmers expressed keen interest in fruit 
trees. Indigenous fruits, harvested from natural 
stands, provide an important dietary compo
nent, particularly for children. The mo,:t com
mon are A:anza garckeana,Canthium burtii, 
F/acourtina indica. Friesodielsia ohovata. 
Grewia bicolor, Rothntannia eng/erana, Vitex 
iringensis, Vitex moinhassae and Ximenia 



caJifa. Production of indigenous species was 
constrained by a lack of planting material and 
intonnation on management. 

Exotic fruit trees have greater market pote-
tial. All the farmers interviewed had planted 
some exotic species, most often in their home 
compounds. About half were interested in 
planting both indigenous and exotic fruit trees, 
while the other half would plant only exotic 
species. In addition, every household had at 
least one tree kept for medicinal purposes. 

This survey suggested several priority areas 
tor agroforestry research. These include: 
" Propagation, management and marketing 

of indigenous fruit trees 
" Introduction of multipurpose trees for soil 

fertility, particularly in improved fallows 
* Woodlots and boundary planting for fodder 

and wood production 
" Identification of suitable species for living 

fences, 

Multipurpose trees intercropped 
with banana in Uganda and Rwanda 
Banana and tree associations are found in many 
land-use systems of Eastern and Central Africa, 
particularly in lganda, Rwanda and Burundi 
where bananas are a staple food. In Uganda, 
ICRAF and national scientists conducted a 
micro D&I) survey in 191) I, focusing onl trees 
in banana plots within tile intensive banana/cof-
fee production system. 

This land-use system covers 13,000 sq kill 
oil the northern shore of Lake Victoria. Popu-
lation density is high amnd farms are sniall, av-
eraging less than I hia of cultivated land. Soils 
are deep and highly leached ferralsols. with 
little or 110 reserve of weatherable minerals. 
Rainfall is bimodal, averaging 1000 to 1500 
111 a year. 

The main food crop is banana and the main 
cash crop is cofIfee. Other crops include maize, 
beans, cassava, sweet polato, groundnut and 
vegetables. Fanners keep a few pigs, goals, 
sheep and dairy cattle. There are good market-
ing opportunities for fruit, but any intensifica-
lion of production on existing plots Must take 
into account problerns of'soil Ifertility, moisture 
conservation and weed control. 

Several tree species are found scattered in 
banana plots, including Ficus natalensis, 

Markhamia lutea, C(assia spectahilis. AIhizia 
chinensisand exotic fruit trees such asjackfruit 
(Arto'artms heterophyllus), avocado, papaya 
and mango. Species considered competitive 
with banana, such as Markhamia lutea and 
Cassia spectabilis,are more likely to be found 
growing around the edges of plots. Farmers 
reported that Ficus natah'nsis and AIhi:ia 
chinensis are easy to propagate and have a 
positive effect oil banana plants. They have 
recently increased the number of both these 
species on their farms. 

Propagation methods include planting stem 
cuttings and transplanting wildlings. Tree man
agement is largely limited to branch pruning to 
reduce shade, collecting dead branchwood for 
fuel, and some cutting for poles. Many fruit 
trees are infested with pests and diseases. 

Based on these firldings, several research 
areas were proposed. These include studies on 
below-ground interactions between banana and 
multipurpose trees, screening of new species 
with potential for green manure and mulch 
production, and improved management trials 
for fruit and pole production. 

A second survey iil 1991 covered the intensive 
banana/coffee farming systern of Rwanda's 
central plateau. H-ere, f'amls are located on hill
sides at altitudes ranging from 1500 to 2100 rn. 
Acrisols in association with younger soils are 
(If inediun fertility and bimodal rainfall aver
ages 1000 to 1400 mt a year. 

On landholdings averaging only 1. 1 ha, 
small coffee plots are cultivated ill pure stands. 
Other crops tend to be grown in mixtures, in
chiding banana, beans, sweet potato, cassava, 
sorghilln, maize, potato, groudilu!, cocoyarln, 
cowpea and yarn. Some farmers keep a fe 
livestock, particularly goats and dairy cattle. 
These are largely stall fed, using grass grown in 
contour strips on tile farms. The major source 
of cash income is tile sale of banlana beer. 

Soil erosion and poor soil fertility are major 
problems. With severe pressure on land, farn
ers also report poor supplies of fuelwood and 
livestock fodder. 

Farmers plant or maintain trees in small 
woodlots. -.!long roads and paths, around houses 
and scattered in fields. These provide wood lor 
construction and fuel, fruit, stakes for bean 



plants and sometimes fodder for livestock. Op
portunities for tree planting are limited by the 
small size of holdings. 

The study focused on trees interplanted in 
banana plots as a promising niche for increas-
ing productivity. The objective was to evaluate 
existing practices and suggest possibilities for 
improvement, including further research re-
quirements. 

Banana plots are situated on hillsides or 
plateaux generally near homes. Cultivation is 
continuous, with fertility problems addressed 
by mulching and, to a lesser extent, application 
of manure. 

Trees most often planted in banana plots 
inc Iu(Ie av ocado, g ua v a, Cphomndra 
h'tacca, Annuma cherintoh (indigenous fruit 
trees), citrus species, papaya, mango, GrI'ilea 
rohusta,eucalypts, cypress and shrubs such as 
Riinuscomut a l'r )tttfla.is and i)r CJ/i4 
Plating material is produced on the farm or 
obtained from rwighbours or communal nurs-
cries. Management practices include thinning, 
pruning and removing (lead branches. 

The farmers mentioned several trees with 
positive effects on banana including two indig-
enious species. See'ie uianii and I'r thrina 
ah'vssinica. Beneficial trees, such as papaya, 
lend to be interplhnted with banana, while spe-
cies with negative effects, such as eucalyptus 
'Ind avocado, tend to be planted around the 
edges of the plots. 

The study team concluded that border plant-
ings around banana plots could usefully be 
intensified, with tall timber species, such as 
Gre'ilhea rohusla, interplanted with shorter 
species. such as Seshania seshan or Leucaena 
diversidia, for fuclwood and stakes. Several 
fruit trees could be interplanted with banana, 
but less competitive varieties of avocado 
should be identified. To help control soil ere-
.mon,contour strips could be planted with mix-
tures of trees, shrubs and fodder grass. 

Species evaluation 

General species screening trials represent the 
first step inmultipurpose-tree improvement re-
search. Since 1986, species evaluation trials 
have been conducted at all of ICRAF's field 

Total Number 
Research Site of Species 

Karuzi, Burundi 13 
Mashitsi, Burundi 25 
Sangmelima,Cameroon 10 
Machakos, Kenya 3 
Maseno,Kenya 42 
Makoka, Malawi 37 
Ibadan, Nigeria 12 
Onne, Nigeria 30 
Rwerere, Rwanda 45 
Gakuta, Rwanda 63 
Tabora, Tanzania 10 
Chalimbana,Zabia 16 

Table 10. Multipurpose-tree species 
screening trials in progress during 1991. 

sites (Table 10). These trials are still in prog
ress, generating additional information every 
year. This report will highlight some of the 
most important results from 1991. 

New species-screening activities were initi
ated during the year in two agro-ecological 
zones of West Africa. In the humid tropics, 
scientists are screening abroad range of species 
for adaptation to acidic soils with phosphorus 
deficiency and aluminium toxicity. Trials in
elude indigenous food-producing species such 
as Treculia q/ricna, Iialium guineense and 
Pterocarpus milbraedii as well as potentially 
useful exotic species such as Callianrh'a 
calowth'vsus and Let'enti spp. In 1991, trials 
began at Ibadan and Onne,Nigeria, in addition 
to previously established studies at Yaound6 
and Sangmelima in Cameroon. 

In West Africa's semi-arid tropics, multi
purpose-tree screening concentrates on fodder 
species that tolerate low and erratic rainfall. 
These include species such itsFaidherhia al
bida, Proopis q/ricrana and CoInbrtin 
(aclutimt.Trials are being estab!,shed at sites 
in Burkina Faso, Mali, Niger and Senegal. 
Species screening for West Africa's 
humid zone 
ICRAF's collaborative research programme in 
Cameroon began with two multipurpose-tree 
screening trials, starting at Yaound6 in 1987 



and at Sangmelirna in 1988. The goal was to 
identify species well adapted to local condi- 
tions and suitable for the three agroforestry 
technologies identified as priorities: hedgerow 
intercropping, improved fallows and rotational 
hedgerow intercropping with livestock, 

The trial at Yaound6 included 10 exotic 
species, planted both in pure stands and inter-
cropped with maize. Seven exotic species were 
tested at Sangnielinia, along with three species 
indigenous to the area. The,,e t.ere planled in 
pure stands and intercropped with groundnut. 
intcrplanting with maize tended to inhibit tree 
establishnimnt and early growth, while inter-
planting with groundnut had no significant ef-
fect on tree performance, 

The trees were monitored for survival, 
growth in height and stern diameter, biomass 
production. response to cutting, and effect on 
soil fertility. Based on these measurements, 
Calliandra cahthvrsus appeared particularly 
promising. Leuca'na m 'pCOC7hahaand Glirici-
dia sepium generally performed well, but were 
more difficult to establish on acidic soils. Cas-
s;asiam'aalso performed well, but local farm-
ers are not likely to adapt this species because 
they consider it a weed. 

Paraserianthes fialctaria cons isten t ly 
showed the best growth in tenis of height, stem 
diameter and biomass yield, but rcsprouted 
poorly after cutting. Acacia mangium and Ac,-

cia auriculinOrmisgave similar results. These 
species might be useful for agrolorestry sys
tens that do not require regular pruning. 

'File local species included in the study were 
Chlorophora ivelsa. Duboscia macrocalrpa 
and Dialium guim'ense. All performed poorly 
in terms of early growth and biomass produc
tion. The two sesbania species showed good 
early growth but died within two years. In the 
humid zone of West Africa, these species might 
be !iscfd !',r!;hort-!ern improved fallows. 

One of the major objectives of introducing 
agroforestry in this region is to improve soil 
fertility. The potential contribution of trees has 
often been emphasized, but seldom docu
mented. These experiments examined effects 
on soil fertility by analysing the nutrient con
tent of above-ground biomass and leaf litter. 
Among the 10 species planted at Yaound6, 
calliandra and leucaena had the highest leaf 
nitrogen content, both from litter and from har
vested biomass, with sesbania, gliricidia and 
the acacias following closely. Long-term 
changes in soil organic matter, organic carbon, 
total nitrogen, phosphorus and calcium are also 
being analysed. 

The intensive phase of this experiment fin
ished in 1991 with adetailed report, but scien
tists will continue to monitor soil and tree 
parameters on an annual basis. The site will also 
be used for training and demonstrations. 

Table 11. Survival and growth of the best accessions of 11 multipurpose-tree species 
26 months after planting at Makoka, Malawi. 

Survival at 15 Height at 26 Root Collar Diameter 
Species 

Acrocarpus fraxinifolius 
Calliandra calothyrsus 
Cassia siamea 
Gliricidia sepium 
Gmelina arborea 
Flemingia congesta 
Albizia falcataria 
Albizia schimperiana 
Schizolobium excelsum 
Cassia spectabilis 
Maesopsis eminii 

Months (%) Months (m) at 26 Months (cm) 

100 7.1 15.4 
96 5.5 10.2 

100 4.7 11.3
 
100 4.6 9.4
 
100 4.4 14.3
 

96 4.0 7.8
 
100 4.0 7.2
 
88 3.9 7.0 
92 3.8 9.1 

100 3.4 9.6 
92 3.0 6.9 



Species 

Acrocarpus fraxinifolius 
Calliandra calothyrsus 
Cassia siamea 
Gliricidia sepium 
Flemingia congesta 
Albizia falcataria 
Albizia schimperiana 
Schizolobium excelsum 
Cassia spectabilis 
Maesopsis eminii 

-
Foliage 

6.2 
8.4 
9.9 
7.6 
3.7 
8.0 
2.5 
4.9 
7.8 
2.3 

Blomass (tlha dry wt) -
Wood 

27.3 
31.6 
19.7 
15.0 
14.6 
15.6 
5.4 
9.3 

16.6 
6.1 

Total 

33.5 
40.0 
29.6 
22.6 
18.3 
23.6 

7.9 
14.2 
24.4 
8.4 

Table 12. Biomass production of the best accessions of 10 multipurpose-tree species 26 months 
after planting out at Makoka, Malawi. 

Screening t; lals for the subhumid 
zone of Southern Africa 
ICRAF's major multipurpose-tree screening 
trial in the subhumid miomho ecological zone 
of Southern Africa was initiated in December 
1988 at Makoka, Malawi. A number of differ-
ent agroforestry technologies have been identi-
fied as appropriate for the region, each with 
different requirements from the tree compo-
nent. For this reason, awide range of multipur-
pose trees has been tested----49 accessions of 37 
species. 

Survival was assessed in early 1990, and 
height, root-collar diameter, branching charac-
teristics, coppicing ability, biomass production
and nutrient content have been evaluated on a 
continuous basis. In general, the species and 
provenances that showed excellent survival 
also demonstrated the best growth (Table II)
and biomass production (Table 12). 

Of these, Acrocarpus fra.%inifolius devel-
oped a single stem with very few branches and 
coppiced readily, making it a good candidate 
for short rotations. Calliandra calothyrsus, 
Gliricidia sepiun, Gnuelina arhorea, Cassia 
spectahilis and Flemingia congesta developed
multiple stems, copious branching and wide 
crowns. Growth ofCassia siamea was affected 
in dry seasons by the fungus ErYsiphe acacia, 
but the trees recovered well during the rains, 

Most of the species that grew well also 
coppiced well and produced high foliage and 
woody biomass-ranging from 8 to 14 t/ha. In 

particular, Calliandra calothirsus appeared
well suited to hedgeiow intercropping for fod
der, mulch and fuelwood production. 
Acrocarpus fra.inifoliuts, Cassia siamea and 
Gliricidia sepium also appeared promising. 
Tree growth will be monitored for several more 
years. 

Nutrient concentrations were highest in the 
foliage. In Calliandra calothyrsus, foliage con
stituted only 21% of the total above-ground 
biomass, but accounted for 70% of total nitro
gen accumulation. These proportions indicate 
that wood could be harvested with only limited 
loss of nutrients from the system. However, 
continuous removal of leafy biomass, for in
stance for animal fodder, could result in signif
icant nutrient depletion with effects on 
long-term productivity. 

Of 17 Australian acacias evaluated, only
Acacia atriculiformis and Acacia aulacocarpa 
showed good survival and growth. The four 
prosopis species tested-Prosopis chilensis, 
Prosopis cineraria, Prosopisjuliflora and Pro
sopis tamarugo-allfailed, while accessions of 
Faidherhia alhida performed at internediale 
levels. Vangueria infausta, a popular indige
nous fruit tree, reached maturity and produced 
fruits in less than two years. 

The Australian acacias are thought to have 
considerable potential for introduction in ap
propriate regions of Africa, although this was 
not confirmed by results at Makoka. Further 
studies of these trees should include several 



provenances of each species, inoculated with 
appropriate root symbionts to stimulate nitro-
gen fixation and nutrient utilization. 

Researchers at Chalimbana, Zambia, estab-
lished a screening trail in 1987 with 16 multi-
purpose-tree species. One year after planting, 
all showed excellent survival except Seshania 
grandilora. 

Eight species showed rapid growth tip to 28 
months after planting. These were Seshainia 
ses/an, Seshania inacrantha, Eucalyptus 
CaMalduh(',Iis,Eucalypttus grandis, Leucuena 
leucocephahi, Cas,,,ia iafimea, FHeminngia con-
gesta and Acacia polvacantha. They ranged 
from 3.5 to 6.8 in in height, 8.0 to 14.3 crn in 
basal diameter, and 19.0 to 57.7 t/ha in above-
ground biomass (dry wt). 

One year after planting, the Ses!ania 
macrantha started dying out, while the 
Sesbania seshan began dying 1.5 years later. 
These fast-growing but short-lived species are 
good candidates for improved fallows and 
treelots for fodder or green manure. Leucaenu 
h'ucocephah, Cassia Viatuca Ind Fh',mingia 
(ongesta have potential for improved fallows 
and also for hedgerow intercropping, while 
Acacia pol.vacantha shows promise for mixed 
intercropping. 

The following species showed slow initial 
growth: Faidlierhia albida. Acacia ata.xa-
cantha. A./elia quanzensis, Sterculia 
afiricanum. Alhizia adianthlid/a, Casuarina 
cunninghamianaand Ventihago vitninalis. 

In the area around Tabora, Tanzania, fuelwood 
shortages are increasingly critical, both for to
bacco curing and for home contumption. To 
help solve this problem, ICRAF and collaborat
ing scientists initiated a trial in January 1990 to 
evaluate six Australian acacia species for bio
mass production and coppicing ability. 
Germplasm was provided by the Common
wealth Scientific and Industrial Research Orga
nization (CSIRO). 

Trees were planted in pure stands and sam
pies were cut at ground level and 50 cm above 
ground 26 months after planting. Coppice re
growth was measured two months later. Acacia 
crassicarpa and Acacia auriculiJ'Ortnis pro
duced the most woody and leafy biomass front 
the initial harvest, while Acacia tumid pro
duced the most sprouts after cutting (Table 13). 
All species responded poorly when cut at 
ground level, but coppiced well when cut at 50 
cm above ground. These results suggest that 
well selected Australian acacias have good po
tential for wood production in the Tabora re
gion. 

In Zimbabwe, ICRAF and national partners are 
screening eight multipurpose-tree species at 
Domboshawa and Makoholi. Seedlings were 
planted out in December 1990 with no fertilizer 
or rhizobiun inoculant. Rainfall in 1991 was 
below average at both sites. Generally, perfor
mance was better at Makoholi. although rain
fall was lower and soils less fertile thaa at 
Domiboshawa (Table 14. This site was pre-

Table 13. Biomass production of six Australian acacias 26 months after planting out 
and 2-month coppice regrowth, Tabora, Tanzania. 

Acacia crassicarpa 
Acacia auriculiformis 
Acacia leptocarpa 
Acacia aulacocarpa 
Acacia tumida 
Acacia holosericea 

Biomass Production (t/ha dry wt) 

Wood Leaves/Twigs 


117.2 27.2 
89.2 3.4 
63.1 1.7 

6.9 3.0 
5.6 1.9 
4.7 0.4 

Coppice Regrowth
(number of sprouts) 

Cut at Ground Cut at 50 cm 

0 5 
4 8 
0 6 
0 4 

13 46 
0 13 



- Height - -- Biomass -
Species and Provenance (cm) (t/ha dry wt)

Domboshawa Makoholi Domboshala Makoholi 

Sesbania macrantha 223 25.47270 7.66 
Sesbania sesban 207 410 18.82 15.19 
Flemingia congesta 
 122 66 0.59 2.30 
Acacia angustissima 121 12.33129 4.82 
Calliandra calothyrsus (19671) 66 - 0.75 -
Calliandra calothyrsus (19678) -- 128 - 4.04 
Calliandra calothyrsus (19679) 61 0.3972 3.15 
G/iricidiasepium 28 53 0.41 2.30 
Leucaena leucocephala (19681) 26 95 0.00 5.36 
Leucaena leucocephala (19682) 24 0.0091 2.82 
Leucaena leucocephala (19683) 23 0.7082 2.47 
Leucaena leucocephala (19684) 22 94 0.00 4.09 
Leucaena leucocephala (19685) 31 112 0.33 7.03 
Gleditsia triacanthos 10 0.0020 0.79 

Table 14. Height and biomass yield of eight multipurpose-tree species 12 months 
after establishment at Domboshawa and Makoholi, Zimbabwe. 

viously under miomh(o woodland, while the at Gakuta, Rwanda, at an altitude of 2350 m and 
Domboshawa site was predominantly a with extremely acidic soils (pH 3.2 to 4.4).
l!vpparlihia grassland with very few trees. Here, most intree species grew less than I m 

Thus, the differences in tree growth may be 
 12 months. Results for the most promising spe
explained by the presence or absence of appro- cies are given in Table 15.
 
priate rhizobia inthe soil. 

Species screening for the subhurnid Evaluating provenances
highlands of Eastern Africa of high-priority species
During 1991, a comparison of the perfonnance
 
of 10 multipurpose-tree species at four sites in 
 As general screening trials identify appropriate
Eastern and Central Africa indicated that much species for agrolOrestry technologies in differ
of the observed difference in height growth ent ecological zones, greater emphasis will be 
could be attributed to differences in tempera- placed on multilocational trials to evaluate the 
lure, as affected by altitude, and in rainfall. For performance of well-documented provenances
example, differences in height growth for of the most promising species.
Acrocarpus ./raxinilius were explained In 1991, provenance evaluation in the sub
largely by rainfall at all four sites. humid zone included trials of Giricidiasepium

There were also some interesting excep- at Chipata (Zambia) and at Machakos (Kenya).
lions. For Markhamia Itea ex Kakamega Gliricidia is a leguminous tree distributed nat
(Kenya), differences in height growth at urally in the Western Hemisphere-from 
Maseno (Kenya), Rweiere (Rwanda) and southern Mexico through Central America to 
Karuzi (Burundi) were explained by differ- northern South America. It is now also culti
ences in temperature, but this was not the case vated in Eastern and Southern Africa, South
at Mashitsi (Burundi) (Figure 5). east Asia and Australia. It appears well adapted

The effects of adverse biophysical condi- to a wide range of soil and climatic conditions. 
tions on tree growth were clearly demonstrated It is easy to propagate, coppices well and pro
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Figure 5. Height growth of Markhamia lutea as affected by temperature at four sites 
in Eastern Africa. 

duces abundant leafy biomass, providing fod-
der and green manure as well as fuelwood and 
poles. 

The Oxford Forestry Institute (UK) pro-
vided germpl;ism of 15 gliricidia provenances, 
representing collections from extreme ecologi- 
cal conditions in Central America that might be 
promising fbr the drier areas of Eastern and 
Southern Africa. These have been evaluated for 
growth, fodder production and resistance to 
pests and diseases. 

At Makoka, scientists have evaluated acces-
sions of Leucaena leucocephala and Sesbania 
seshan. Sesbania accessions were also evalu-
ated at Tabora. 

The Oxford Forestry Institute has also con
ducted range-wide exploration, collection and 
documentation of leucaena germplasm. The 
goal is to facilitate cross-site evaluations of 
species and provenances. In 1991, ICRAF es
tablished trials at four sites in Southern Africa 
that include 24 of these accessions. The sites 
are Chalimbana, Chipata, L[,ongwe (Malawi) 
and Makoholi. 

Also in 1991, screening trials at Tabora, 
Machakos, Domboshawa and Makoholi fo
cused on genotypes of pigeonpea (Cajanus 
cajun). This legume is widely grown in semi
arid areas of India, Eastern Africa and the Car
ibbean. It provides farmers with food, 
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Multipurpose-tree seedlings planted in screening trials at Makoholi, Zimbabwe, benefit 
from microcatchments to make full use of scarce rainfall. 



fuelwood, fodder and fencing material. Al
though intrinsically a pcrenniail, it is often 
grown as an annual because of its susceptibility 
to pests and diseases. 

In the humid tropics of West Africa, pro-
venaaces of Gliricidia .spiunt are being evalu- 
ated for soil improvement, food and fodder 
production, and tolerance of acid soils. In West 
Africa's semi-arid tropics, taidlerbiaalhida 
provenances will be evaluated for rapid growth. 
drought tolerance and fodder pro(Lction. 

Screening provenances 
of Gliricidiasepium 
The 15 provenances of Gliricidiasepium sup-
plied by the Oxford Forestry Institute bave been 
assessed at Chipata in a trial that started in 

I987. Germination was better than 80% for all 
provenances and sur,,ival has generally been 
high. Aphids, mealybugs and ants have been 
observed, but to not appear to cause significant 
damage. No termite infestation was observed. 

In the first three months, there was already 
wi(le variation in growth. Provenances that pro-

Root-Collar 
Height Diameter 
(m) (mm) 

Mimosa scabrella 3.14 54
 
Chamaecytisusproliferus 2.50 49
 
Sesbania aculeata 1.84 18
 
Sesbania macrantha 1.58 15 
Sesbania microphylla 1.39 13
 
Acacia melanoxylon 1.33 18
 
Sesbania sesban 1.32 
 -

Acacia koa 1.32 20
 

Table 15. The eight fastest-growing tree 
soecies tested at Gakuta, Rwanda: height 

and root-collar diameter at 12 months. 

duced the most leaves also grew fastest, is 
indicated by height and root-ciltar (Iiameter. 

In 1990, aftcr two years of growth, four 
provenances were taller, had larger basal areas 
and had produced more above-ground biomass 
than the others. In 1991, the same foul pro-

Figure 6. Relationship between total biomass production two years after planting and subsequent 
coppice regrowth for 15prnvenancesof Gliricidia sepium at Machakos, Kenya. 
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venances were still leading in total bioniass 
production and one-year coppice regrowth, hut 
there was adistinction in growth patterns: three 
were superior in height, while tile other was 
superior in basal area. indicating extensive 
bmr:ching. 

Aniong the top provenances, Vie precise 
ranking in terms of irOdnct;vitV shifled from 
ote year to the next. This suggests that selection 
based on a few years' data i ay be misleading. 
Pro-;enances that produced tile highest total 
aboxc-ground biomass did not necessarily pro-
duce tile highest one-year coppice growth, in-
dicaling that different selections m1ight be 
appropriate for different management regimes. 

The niiitrogen, phosphorus and potassium 
content of mature leaves varied widely, its mea-
sured in the h'ird year of growth. Nitrogen 
content was generally high, averaging 3.4(/( 
and ranging fromi 2.914 to 4.04. 

There was also wide variation in growth and 
biomass production amone individual trees of' 
tile sline proenance. This woul be expected 
from a small saiiple of gerniplasin collected 
from wi Idtrees. The trees shed their leaves and 

flowered luring the dry season and (here was 
sone dieback every year, but this was replaced 
by new shoots at the onset of the rains. 

Tile next phase of this study will include 
quality assessments for feed, mulch and fuel-' 
wood. Progeny evaluation is also in progress, 
focusing on the most promising provenance, 
Retalhuleu from Guatemala. Sixty families of 
this provenance are being grown out ina seed 
orchard its planting material for fnurlher studies. 

In general. Gliriidia s.piui performed 
well in terms of survival, growth, biomass pro
duction, coppicing ability, pest resistance and 
nutrient quality. These results suggest that se
lected breeding material from this species holds 
promise foragroforestry systems in tile mimnho 
ecological zemIe of Southern Afric',. 

ICRAF is evaluating tile same 15 gliricidia 
provenances in Kenya at the Machakos Re
search Station. Seedlings were planted in April 
1989 in pure stands at it spacing of 1.5 x 1.5 in 
and allowed to grow normally to assess their 
suitability for woodlots. During tile early grow
ing period, measurements included height, 

Table 16. Biomass yield of 15 provenances of Gliricidia sepiurn two years after planting 
and from three subsequent prunings at Machakos, Kenya. 

Biomass Two Years After Planting (kg/tree) Coppice Regrowth 

Provenance Stem Leaf Total 
from Thi .e Prunings

(kg/tree leafy biomass) 

Volcan Suchitan 3.58 0.69 4.28 1.70 
Retalhuleu 3.61 0.52 4.13 1.73 
Belen Rivas 2.52 0.49 3.01 1.24 
Palya Azul 2.62 0.38 '3.00 0.95 
San Mateo 2.13 0.46 2.59 1.16 
Pontezuela Bolivar 1.99 0.50 2.49 1.14 
Monterrico 1.98 0.39 2.37 1.15 
Gualan 1.80 0.52 2.32 1.41 
Los Puebla 2.04 0.26 2.29 0.87 
Local 1.74 0.45 2.19 0.94 
La Garita 1.62 0.50 2.12 1.10 
Mariara 1.77 0.32 2.09 1.14 
Palya Tamarindo 1.52 0.47 1.99 1.24 
Palmasola 0.95 0.26 1.21 0.64 
Pedasi 0.51 0.14 0.65 0.47 

SED 0.457 0.114 0.532 0.180 



Leucaena leucocephala 
Seed Source 

Namiyanga, Machinga, Malawi 
Isiolo, Kenya 
Kawinga, Malawi 
Kasama, Zambia 

Survival 
(%) 

99 
97 
98 
98 

Blomass Product!on (t/ha dry wt)
Foliage Pods Wood Total 

7.9 10.6 20.9 39.4 
4.5 9.6 25.1 39.2 
3.8 11.2 17.8 32.8 
7.8 9.7 12.9 30.4 

Table 17. Biomass from one-year coppice regrowth of four promising Leucaena leucocephala 
seed sources 30 months after planting at Makoka, Malawi. 

number and diameter of branches, and stem 
diameter at 30 cm above ground. Leaf-reten-
tion, flowering and fruiting characteristics were 
recorded, plus susceptibility to aphid attack, 

In March 1991, two years after planting, all 
the trees were cut back to 50 cm above ground 
and total biomass was measured. The stumps 
were evaluated for coppicing ability after three 
subsequent prunings-in June, October and 
December 1991. Information on coppicing will 
be useful in selecting provenances for fodder 
banks and hedgerow intercropping. 

Differences between provenances were 
greater for total biomass production after two 
years than for coppice rcgrowth, but there was 
a positive correlation between the two parame-
ters (Figure 6). This correlation has useful im-
plications for the selection of provenances for 
specific agroforestry technologies. For one 
thing, it iseasier to assess total biomass than to 
monitor leafy biomass production from re-
peated cuttings. Provenances selected on the 
basis of total biomass production for technolo-
gics such as woodlots or stake pro6dction are 
also likely to be suitable for technologies re-
quiring high production of leafy coppice re-
growth. 

Two of the gliricidia provenances-
Retalhuleu and Volcan Suchitan-stood out as 
the most promising in terms of both total bio-
mass and coppice regrowth (Table 16). In addi-
tion to these, Palya Azul and Belen Rivas 
appeared promising for wood or stake produc-
tion. For leafy biomass, Palya Tamarindo, 
Gualan and Belen Rivas gave good results. The 
trial is continuing, including an assessment of 
long-temi productivity under competition from 
crops, 

Screening accessions of Leucaena 
leucocephalaand Sesbania sesban 
lec'aena leucocephala has been planted 
widely throughout the tropics for more than two 
decade!, but many introductions have been 
based on only one or two self-pollinated prog
enies. This narrow genetic base has resulted in 
problems such as poor growth on acid soils and 
lack of tolerance to cold and drought. In the 
nionho zone of Southern Africa, many unclas
sified seed sources have been introduced, but 
the extent of their variation has not been docu
mented. 

ICRAF and collaboratimg scientists at 
Makoka initiated a trial in January 1989 to 
investigate the performance of 17 seed sources 
of Leucana leucoephala, as well as 4 pro
venancesofSc'shaniasesban,and I provenance 
each of Seshania macrantha, Seshania 
hispinosa, Seshania formosa and Calliandra 
calothvrsus. Assessment focused on growth, 
coppicing ability, and quantity and quality of 
biomass production. 

The leucaenas generally grew well, al
though less quickly than the sesbanias, and 
production characteristics tended to be rather 
uniform. They were cut back in April 1989, 
April 1990 and June 1991. Four seed sources 
were clearly superior in terms of'regrowlh after 
the third cutting. producing 30 to 40 t/ha (dry 
wl) of total biomass (Table 17). Six accessions 
produced less than 20 t/ha of total biomass, and 
the others produced from 20 to 30 t/ha. In all 
cases, pod production was heavy, representing 
more than 30% of total biomass. This could be 
limited by increasing the frequency of cutting. 

For the sesbanias, initial growth was excel
lent but few provenances coppiced well after 



cutting. Seshania macrantha and Sesbania 
bispinosa died out after the second cutting. 
After the third cutting, only 27% to 38% of the 
Sesbania seshan grew back, but the trees that 
did grew vigorously. Sesbania sesban ex 
Jamhuri (Kenya) produced a total biornass of 
25.1 I/ha (dry wt), while Seshania sesban cx 
Kakamega produced 18.1 t/ha and Seshania 
seshan ex Magoye (Zambia) produced 17.3 
t/ha. Regrowth after cutting tended to be de-
layed, suggesting that trees cut to provide green 
manure at the beginning of the growing season 
might not be competitive until later, when in-
tcrplanted maize is well established. 

Although Africa is the centre of diversity for 
Seshania seshan, reports on fodder production 
by this species are largely from other conti-
nents. A trial was initiated at Tabora in Decem-
ber 1990 to evaluate 23 accessions of Seshania 
sestan var. nuhica for fodder, mulch and fuel-
wood production. This work is part of a multi-
locational study coordinated by ILCA at 
several sites in Africa. 

Samples of each accession were harvested 
23 weeks after planting for assessment of bio
mass yield. Seed and pod yields were measured 
for the remaining plants after 33 weeks of 
growth. 

The accessions differed significantly in 
terms of fodder, wood and seed production. 
Fodder yields ranged from 0.1 to 2.4 t/ha aud 
wood yields from 0.1 to 1.7 t/ha. Large, highly 
branching trees tended to produce both more 
fodder and more wood. Based on these results, 
further trials will be limited to the most prom
ising accessions. 

Screening pigeonpea cultivars 
under agroforestry systems 
A trial was initiated at the Machakos Research 
Station in November 1989 to evaluate 10 
pigeonpea genotypes for biomass production, 
coppicing ability, grain yields, soil-fertility im
provement and effects on adjacent crops. 
Germplasm was provided by the Kenya Na
tional Dryland Farming Research Centre 
(NDFRC) and by ICRISAT. 

Table 18. Biomass yields (t/ha) of grain plus stalks from 10 Cajanus cajan (pigeonpea) cultivars 
under hedgerow intercropping and strip cropping at Machakos, Kenya. 

November 1989-July 1990 October 1990-July 1991 
Cultivar Intercropping Strip Cropping Intercropplng Strip Cropping 

KPP 605 4.3 2.1 3.0 3.6
 
ICP 13277 4.3 2.1 5.8 4.4
 
ICP 11012 4.4 2.8 10.6 5.6
 
ICP 88040 1.8 0.7 1.5 1.9
 
ICP 13304 3.6 2.3 4.8 6.1
 
ICP 0933 3.9 2.6 5.4 2.4
 
KPP 81/3/3 3.7 2.1 7.7 1.6
 
ICP 11289 4.4 1.5 1.3 1.2
 
ICP 6443 5.0 2.3 0.3 0.3
 
KPP 590 3.0 2.0 4.2 6.1
 

Average 3.8 2.1 4.5 3.3 

SED system 
SED genotype 
SED between systems 
within the same genotype

SED between genotypes 
within the same system 

0.20 0.47 
0.39 1.38 
0.56 1.91 

0.55 1.95 



November 1989-July 1990 
Cultivar Intercropping Strip Cropping 

KPP 605 2.7 3.9 
ICP 13277 2.8 3.8 
ICP 11012 2.4 4.1 
ICPL 88040 3.0 3.6 
ICP 13304 3.1 3.7 
ICP 6933 2.6 3.8 
KPP 81/3/3 3.1 4.0 
ICP 11289 3.0 4.3 
ICP 6443 3.4 3.6 
KPP 590 3.2 4.1 

Sole maize 

SED system 
SED genotype 
SED between systems 
within the same genotype

SED between genotypes 
within the same system 

4.2 

0.7 
0.3 
0.8 

0.4 

October 1990-July 1991 
Intercropping Strip Cropping 

2.5 2.9 
2.2 3.4 
1.4 3.1 
3.2 2.5 
2.2 3.0 
1.9 3.3 
2.6 2.6 
2.4 3.2 
3.5 3.6 
3.0 3.4 

3.7 

0.25 
0.37 
0.49 

0.52 

Table 19. Maize grain yields (t/ha) in combination with 10 Cajanus cajan (pigeonpea) cultivars 
under hedgerow intercropping and strip cropping at Machakos, Kenya. Yields for each year

represent totals from two growing seasons. 

Researchers compared two planting ar-
rangements with control plots of maize planted 
in pure stands. These were intercropping, with 
one row of pigeonpea followed by two rows of 
maize, and strip cropping, with four rows of 
pigeonpea followed by eight rows of maize, 
Both agroforestry systems had one-third fewer 
maize plants than the plots with maize only. 
Both had the same overall pigeonpea and maize 
populations, but the degree of interaction be-
tween the two species was higher for hedgerow 
intercropping than for strip cropping. 

Pigeonpea grain was harvested in the first 
year only. Yields varied considerably across 
genotypes, ranging from 0.09 to 1.23 t/ha. The 
Kenyan genotypes (KPP 605, KPP 81/3/3 and 
KPP 590) tended to yield the most grain, but 
not the highest overall biomass. Pigeonpea 
grain yields were significantly higher under 
intercropping than under strip cropping, pre-
sumably because plants under intercropping 
had access to space in the alleys between maize 
cropping cycles. 

The pigeonpea became infested with Fu-
sariun wilt and plants started dying in the dry 

season after the first grain harvest. For several 
of the genotypes, more than half the plants had 
died by the end of the second year and surviving 
plants were severely infested with scale insects, 
pod fly and pod borer. For this reason, grain 
could not be harvested a second time. 

Mortality levels were not associateJ with 
either of the plantine ,sy,is. Two years after 
planting, three genotypes froin ICRISAT (ICP 
13277, ICP 11012 and ICIP 13304) and one 
from Kenya (KPP 590)showed better than 50% 
survival and produced more than 5 t/ha of bio
mass (Table 18). The two lines that produced 
the most biomass in the first year (ICP 11289 
and ICP 6443) suffered high mortality rates. 

During the first year, two crops were pro
duced from the sole-maize plots and from the 
plots under strip cropping, but only one crop 
was produced under intercropping due to mois
lure competition from the pigeonpea. Annual 
maize yields under intercropping with different 
pigeonpea genotypes ranged from 56% to 80% 
of sole maize yields, while yields from strip 
cropping ranged from 85% to 100% of yields 
from sole maize (Table 19). 



At the beginning of the second year, the 
pigeonpea was cut back to a height of I in and 
maize was sown in both seasons. In the first 
season, maize yields were similar for all plant-
ing arrangements and all pigeonpea genotypes. 
The one exception was hedgerow intercropping 
with one ICRISAT genotype. ICP 1.1912, with 
crop yields only 62N , of those f'romi sole maize, 

In the second season, pigeonpea suppressed 
crop yields in both arrangements, with the most 
severe competition under intercropping. Maize 
yields under intercropping were 12 , to 5 2c/ of 
yields under sole maize (Table 19). Under strip 
cropping. maize yields ranged from 40 (/ to 

4% of sole maize yields. Combining the yields 
of two seasons, intercropping in the second year 
gave 511,,( to 94(4 of sole maize yields, while 
strip cropping gave 68"%( to 98(/. Crop yields 
were generally higher where the associated 
pigeonpea had sufcred high mortality. 

These results suggest that none of the 
pigeonpea genotypes tested at Machakos is 
suitable for hedgerow intercropping. Pruning 
might help improve maize yields but would 
v'cry likely aggravate pigeonpea mortality. In 
view of the short life-span of most genotypes, 
this species would probably be more suitable 
for short-ternm improved fallows. It is not appro-
priate for any agroforestry lechnology that re-
quires long-term survival under a system of 
regular pruning. 

Farners might prefer pigeonpea for im-
proved fallows rather than other fast-growing 
multipurpose trees such as Seshania seshan 
because of the grain produced, which has ceo-
nomnic value. Grain production would have to 
be weighed against lower yields of other prod-
ucts such as fuelwood md fodder. However, the 
uscffncss of pigconpea. even for short-term 
fallows, will depend on the identification of 
genotypes that can withstand insects and dis-
eases and survive for two to three years. 

ICRISAT has recently expanded its 
pigeonpea programme in Eastern Africa. 
ICRAF's testing programme at Maseno has 
been suspended in favour of collaboration with 
ICRISAT to identify promising perennial types 
with high biomass production. Once such types 
ire identified, ICRAF researchers will test 
them in agroforestry systems in comparison 
with other multipurpose trees, 

In 1989 and 1990, scientists at Tabora assessed 
biomass production and management strategies 
for 22 pigeonpea genotypes, including I I bien
nial fodder types and I I perennial tree types. 
This work has led to the selection of nine par
ticularly promising gcnotypes for grain and 
fodder yields. These were planted in pure 
stands in 1991 and evaluated at maturity for 
production of grain, green fodder and edible 
seed pods. 

The highest grain yield was 3.3 t/ha and the 
lowest 0.41 t/ha, while green fodder yields 
ranged from 1.1 to 0.4 1/ha. Green fodder from 
seven of the genotypes had sufficient amounts 
of protein, calcium, magnesium, potassium and 
phosphorus in the correct balance for livestock 
feed. Two showed calciunl/phosphorus im
balances and would require dilution or supple
mental phosphorus if used to feed livestock. 

ICRAF's collaborative research programme in 
Zimbabwe is evaluating the productivi'y of 20 
pigeonpea genotypes at Domboshawa and 
Makoholi. Seed for 19 genotypes was provided 
by tie research programme at Tabora, and one 
local genotype was tested as a control. All were 
planted in blocks without fertilizer in Decei
her 1990, and grain was harvested and the 
plants cut back to 50 cm one year later. 

Growth performance during the first year 
was generally better at Diaboshawa where 
soils are more fertile and rainfall was higher. 
There were no serious pest or disease problems 
at either site. Grain yields were low at Makoholi 
due to flower abortion and poor grain filling 
caused by moisture stress. 

At each site, the same three genotypes ap
peared to offer a good combination of grain, 
leafy biomass and wood yield. IHowever, these 
were not t'le same ones that proved most pro
ductive at 'abora. Future experimentation will 
focus on managing these genotypes under 
agroforestry systems. 

Assessing genetic variation 

Information on genetic variation is a prerequi
site for selection and breeding programmes. In 
assessing genetic variation, a small number of 
high-priority species will be emphasized in 
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By excluding pollinators, scientists at the Maseno Agroforestry Research Centre in Kenya learn 
whether Calliandra calothyrsus and other species are capable of inbreeding. 



Species 

Trees established in 1979 (12 years old)
Gmelina arborea 

Pterocarpus soyauxii 

Pterocaipus santalinoides 

Cassia siamea 

Cordia alliodora 

Treculia africana 

Leucaena leucocephala 


Trees established in 1982 (9 years old)
Delonix regia 

Peltophorum pterocarpum 

Gliricidiasepium 


Height 
(m) 

17.1 
12.8 
8.7 

12.2 
21.3 
12.6 
14.9 

12.7 
11.2 
8.8 

Breast-Height 
Diameter (cm) 

Crown Diameter 
(m) 

26.2 6.7 
17.1 3.5 
14.2 5.5 
17.5 7.6 
23.0 6.5 
16.4 4.0 
17.0 2.8 

15.7 7.2 
14.4 5.3 
11.1 5.9 

Table 20. Growth of the most promising multipurpose-tree species at the IITA arboretum 
(average of 10 trees in centre of 28-tree plots). 

each of the three ecological zones that provide 
a focus for ICRAF's research programme. 

Preliminary studies were conducted in 1991 
on variation in growth rates and morphological 
characteristics of Seshania se 'ha, from two 
different sites in western Kenya. Seedlings 
from Kisii grew about 1.5 times faster than 
seedlings from Kakamega and also showed sig-
nificant morphological differences. These find-
ings call for further taxonomic study. 

In the semi-arid lowlands of West Africa, 
ICRAF has initiated a collaborative project
with the Office de la recherche scientifique et 
technique d'outre-mer (ORSTOM) to study ge-
netic variation in natuial populations of 
Faidherbia alhida through the use of isoen-
zyme analysis, 

Tree germplasm supply
and exchange 
ICRAF plans to develop a Multipurpose Tree 
Germplasm Resource Centre at headquarters in 
Nairobi, Kenya. The reference will be global, 
Planning activities began in 1991, including 
consultation with the Danish International De-
velopment Agency (DANIDA) Forest Seed 
Centre and with other national, regional and 
international centres. 

Meanwhile, ICRAF scientists are already 
acquiring, collecting and exchanging multipur
pose-tree germplasm for their research. Activ
ities in 1991 included: 
* 	Acquisition of 23 accessions of Sesbania 

seshan var. nubica from ILCA for fodder 
evaluation at Tabora 

* Collection of 336 accessions of 120 species 
indigenous to Nigeria. This collection has 
been stored at the IITA genebank and isbeing
evaluated at ficld sites in the humid zone of 
West Africa (Table 20) 

* 	Acquisition of 22 varieties/cultivars of 
Cajanus cajan from ICRISAT for evaluation 
at Domboshawa and Tabora 

• 	Acquisition of 94 accessions of Grevillea 
rohusta from the Australian Tree Seed Cen
tre for seed-orchard establishment and field 
evaluation at Kakamega, Kenya. 

Selecting superior trees 
for the subhumid zone 
Results from D&D exercises, farmer surveys, 
and species and provenance trials in Eastern 
and Central Africa have led to the selection of 
five species for initial breeding research. These 
are Sesbania sesban, Calliandra calothyrsus,
L 'ucaena diversif/ia, Grevilea rohusto and 
A/arkhaia lutea. Work isbased at the Maseno 
Agroforestry Research Centre in western 



Kenya, but the objective is to support tree- for the tropics. A similar nursery will be con
breeding activities in Kenya. Uganda, Rwanda, structed at Mbalniayo, Cameroon, in 1992. By 
Burundi. and possibly Zaire and Ethiopia. the end of 1991, the nursery at Ibadan had 

Base breeding populations were established produced 16,000 seedlings and the nursery at 
in 1990 from germplasm of ideal ideotypes Onne had produced 28,000. These have been 
('plus trees') in Kenya. U sing open-pollinated used for multipurpose-tree screening trials and 
seed from these plus trees, scientists have es- arboretum establishment, with excess stock 
tablished progeny-evaluation trials for four supplied to collaborating national scientists. 
species at five sites in Kenya (Table 21). At tbadan, 20 tree species are being screened 

Results frolni the. trials will provide a basis under continuous growth and hedgerow inter
for assessing the breeding value of selected cropping. At Onne, 30 species are being 
ideotypes. forreselecting malerial flradvanced screened on acidic soils. Establishment has 
breeding trials, and for estimating the genetic been good. Growth will be monitored in 1992 
parameters of some characters. There are plans to evaluate species adaptability at these sites. 
to extend germplasm collection and progeny 
evaluation to Uganda. Rwanda and Burundi. 

Breeding biology studies
Vegetative propagation of indigenous 
trees in the humid zone Rese,.rch on breeding biology is a key compo-
Vegetative propagation is particularly import- nent of any multipurpose-tree improvement 
aint for tree species whose seed is not readily programme. The resulting information pro
available. Vegetatively propagated clonal vides aguide for tile timing of'germplasn-col
stocks are also required for studies or. genetic lection and controlled-pollination work and 
variation and subse qtrent selection and ini- also a basis for tile design and management of 
provement. Scientists working iii ICRAF's col- seed orchards. 
laborative project with IITA and Oregon State 
University (LISA) in Nigeria have developed Controlled pollination for progeny 
effective propagation methods for T,trap'eura testing in the subhumid zone 
t'tral'Uera."rec'ulia a/n' an, A oa tarter;i. Studies on priority species for tile Eastern and 
Iui'o/'ra,li'rophylla. Ah'hrnea c'di/'olia Central Africa highlands include tree breeding 
and P areaTms milhraedii. Bulked clones of cycles. tie potential f,r selt'- and cross-pollina
Ildigqt'ira,nicraphlaand Callianih'apro- tion and the identification of pollinators. Field 
ric'esishive been produced for eval uation and observations during germplasm collection have 
eventual selection of superior material for ir- been supplemented by more detailed studies on 
proved fallows. tagged trees. Work focuses on aspects of breed-

Simple prototype nurseries have been con- ing biology that play an important role in con
structed at On n1eaind lbadan and a training trolled pollination, including tile ti ning of 
manual is being prepared to help other institu- anthesis and stigma receptivity, pollen viabil
tions wishing to consrLct low-cost nurseries ity, percent outcrossing and pollinating agents. 

Table 21. Number of entries in progeny-evaluation trials in progress at five sites in Kenya. 

Species Maseno Kisii Malava Kakamega Meru 

Sesbania sesban 30 30 31 - -
Grevillea robusta - 86 - 84 72 
Markhamia lutea - - 46 42 46 
Calliandra calothyrsus 12 - 16 - -



Programme staff have recorded data on tree 
development sequences in order to construct 
flowering and fruiting calendars as guidelines; 
for pollen and seed collection. Based on the 
findings obtained in 1991. routine controlled-
pollination work is in progress at Maseno. 
Starting with Seshania seshan, Markhamia 
lutea and Grevilh'a rohusta, researchers are 
developing and testing techniques for flower 
emasculation (to avoid self-pollination), pollen 
collection and storage, hand pollination, and in 
vitro germination. 

In 199 1, project staff carried out 30 single-
pair matings between individual niarkharnia 
.plus trees' and 40 single-pair matings repre-
senting wide crosses of seshania germplasm 
provided by ILCA. Progeny evaluated for pod
and seed development and early nursery perfor-
niance has shown wide variation, 

Breeding biology studies 
in the humid zone 
Surveys in southern Nigeria led to the identifi-
cation of several multipurpose-tree species of 
particular value to farners in the region. Scien-
lists are now investigating the breeding biology 
of fot'r of these species to obtain information 
on germination, fertility estimation and pollen 
storagc and management. These are Millettia 
t)lfninlii. Acioa barteri, 'ctruphlu'ra tetra-

ptera and Lonchocarpus sericeus, all found to 
be outbreeders. 

Improved management
of multipurpose trees 
Few multipurpose-tree species have been sub-
ject to extensive management research. Studies 
on practices such as spacing, pruning, thinning, 
vegetativ, propagation, seed pretreatment and 
root-symbiont inoculation are likely to yeild
substantial improvements in tree perfonnance. 

Propagation of Sesbania sesban 
in the subhumid highlands 
Seshaniaseshan has been identified as a partic-
ularly important multipurpose tree for the high-
lands of Rwanda. Out of 24 species screened at 
Rwerere, Seshania sestan showed the best 
growth in height and root-collar diameter. The 

species is also particularly popular with farm
ers: more than half the farmers surveyed in the 
region mentioned using Seshania seshan as 
living stakes for bean production. 

Expanded use of this popular species has 
been limited by the expense and labour require
ments associated with standard propagation 
tet tniques, requiring planting in seedbeds, 
g',,wing out seedlings in polythene bags and 
transporting them from nurseries to the hill
sides where the farmers have their fields. Sci
entists at Rwerere conducted two experiments, 
beginning in 1989, to test the feasibility of 
simpler and cheaper propagation methods. 

Seeds were planted in seedbeds, and the 
young plants were removed three months later 
at a height of 50 to 60 cm. They were planted
out as bare-rooted seedlings without polythiene 
bags. 

Various treatnents were tested to improve 
their survival and early growth-removing the 
leaves, removing the terminal buds, and cutting 
off all top growth 10 cm above the root collar. 
Some seedlings were planted as soon as they 
were dug up and others were held in the shade 
and planted eight hours later, simulating the 
delay that occurs when farmers transport seed
lings to their fields from distant nurseries. 

Results from these experiments indicate that 
Seshania seshan planted as bare-rooted seed
lings grows and survives nearly as well as seed
lings grown in polythene bags. As this species 
seeds prolifically and germinates readily, these 
results suggest that farmers can propagate the 
trees successfully by planting seed in beds near 
their houses, digging tIp seedlings when they 
are 50 to 60 cm tall and planting them directly 
in their fields. 

Diiect-seeding studies are also in progress. 
These include Leucuena l'tucoceplala and 
(allianha calothvrsus as well as sesbania. 

Establishment of indigenous fruit trees 
A multipurpose-tree survey conducted in 1989 
indicated that farmers in Malawi value several 
indigenous fruit trees as a family bood supple
ment and, in sonic cases, as a source of cash 
income. Many of these fruit trees are found only 
in natural stands and are thus declining as more 
land is brought under cultivation. Some have 
particularly high nutritional value. 



Farmers were interested in planting local 
fruit trees on boundaries or around their homes, 
but they lacked information on how to propa-
gate them. Thus, ICRAF's collaborative re-
search programme at Maknka included an 
experiment in 1990 to identify simple and ef-
fective germination techniques for 18 species. 

In 1991, a visiting scientist tested the prop-
agation of 13 species from stem cuttings. Vitex 
doniana rooted well from intact cuttings soaked 
in water. S.\Ygiue'ordatum,Uapaca kirkiana 
and S :.gium owariensis showed satisfactory 
rooting, while the other species rooted poorly. 

Seedlings from the 1990 germination study 
were planted out and assessed for growth, flow-
ering and fruiting at the end of 1991, nearly two 
years after germination. Ziziphus mauritiana, 
Ziziphus abvssinica, Ficus vallis-choudae, 
A:anza garckeanaand Van gtueria infausta all 
flowered and bore fruit within this period. 

Both ziziphus species showed good growth 
and heavy branching with thorns. This suggests 
their potential usefulness as living fences in 
addition to fruit and fodder production. Other 
species that grew well were Bridelia 
c'athartica, Bridelia micrantha, Parkia 
filicoidea, Scerorarva caffifa, Uapaca kirki-
ana, Sy:ygiun cordatun, Tamarindus indica 
and Terminalia catappa. 

Information dissemination 

Many important multipurpose trees are not well 
documented in the scientific literature. An im-
portant task is to compile whatever information 
is available for wider dissemination. Informa-
tion on multipurpose trees must also be accom-
paried by guidelines on where and how to order 
seed for research. In 1991, ICRAF made major 
contributions in both these areas. 

Multipurpose tree and shrub database 
In 1983, ICRAF began compiling an inventory 
of multipurpose trees and shrubs in the tropics 
and subtropics. This work has resulted in the 
development of a computerized database with 
information on a wide range of agroforestry 
species. The project has been financed by the 
German Ministry of Economic Cooperation 
(BMZ) through GTZ. 

The main development phase was com
pleted in 1991 with the release of version 2.1 of 
ICRAF's Multipurpose Tree and Shrub 
Database, containing 2400 descriptions of 
1093 woody species. About halfofthe informa
lion in the database was obtained from ques
tionnaires completed by researchers and 
development workers in the field. The other 
half was gathered from the scientific literature. 

To facilitate searches, standardized descrip
tors have been developed for each species. 
Starting with particular species, the user can 
obtain summaries or full data sheets with a 
range of practical information on appropriate 
sites, growth requirements, and products and 
services. Working in reverse, it is possible to 
specify site conditions and production require
ments and generate a list of candidate species 
from the database. 

Potential users include researchers, devel
opment workers, planners, teachers and ex
tensionists. One of the main applications is to 
help field workers choose species for 
agroforestry projects and experiments. Selec
tion is based on computerized matching of the 
biophysical requirements and desired uses of 
multipurpose trees with site characteristics and 
project objectives. 

Release] in October 1991, the database has 
been distributed to more than 100 users. Work 
will continue in 1992, with BMZ funding, to 
keep this important information tool up to (late 
and to expand the scope of its coverage. 

Multipurpose tree and shrub seed 
directory 
The second edition of ICRAF's seed directory, 
Multipurpose Trees and Shrubs: Sources of 
Seed anid Inoculants, was published in 1991. 
The directory gives seed information for more 
than 900 woody species, including names and 
addresses of 113 seed suppliers and informa
tion on seed purchase and delivery procedures. 

Practical information is also provided on the 
functions and benefits of root symbionts, with 
the names and addresses of 28 suppliers. Gen
eral information on a selection of species, in
cluding climatic requirements and uses, is 
provided from the Multipurpose Tree and 
Shrub Database. 
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Maize yields decline at ICRAFs Machakos Research Station the closer the crop row to unpruned

Leucaena leucocephala. Detailed studies are in progress to elucidate the mechanisms involved.
 

Well designed agroforestry systems are based 
on tree, crop and livestock components that are 
carefully selected and managed to mini ..ze 
competition and enhLnc: productivity on a sus-
lainable basis. Thes:- land-use systems are, in 
fact, extre)ely complicated and present major 
scientific challenges. 

The selection and management of 
agroforestry components requires a basic under-
standing of how a system functions as a whole. 
ICRAF is working to improve this basic under-
standing through strategic research on the fun-
damental biophysical processes involved in 
agrolbrestry. 

Studies are designed to address key problems 
identified through agroforestry surveys, re-
search and development activities. These prob-
lems may stem fromn inadequate knowledge of 

methods and tools for conducting research or 
analysing results. ICRAF's research pro
gramme on component interactions brings to
gether the high concentration of technical 
expertise and research facilities necessary to 
tackle some of these flundaniental problems. 
Work locuses on six major issues: 
* 	Utilization of growth resources, including 

problems of resource sharing and competition 
* 	Nutrient cycling in agroforestry systems 
* Management of organic residues 
- Control of soil erosion 
* Integrated pest management
 
- Component interactions with livestock.
 
A small project also addresses methods for as
sessing variability on farmiers" fields.
 

Work in this programme is conducted pri
iarily at ICRAF's Research Station in 

how agroforestry works or from inadequate Machakos, Kenya (Table 22). Future studies 



" Evaluation of prototype hedgerow-intercropping systems
" Comparison of hedgerow intercropping and green manuring
" Hedge-alley-hedge-alley (HAHA) experimental design 
" Tree/crop competition for above- and below-ground resources 
" Comparison of annual versus perennial legumes for soil improvement 
" Complementarity in resource use un sloping land 
" Response of crops to light 
" Resource capture by species with different rooting depths
" Effects on trees and associated crops of inoculating Acacia tortilis with mycorrhizae 

and rhizobium 
" Soil-conservatio'i studies 
" Mulching for crop growth and erosion control 

Table 22. Component-interaction experiments in progress in 1991 at ICRAF's
 
Machakos ResearchStation.
 

will be extended to carefully selected sites in 
Africa, Asia and Latin America. Activities are 
described here that were concluded in 1991 or 
that yielded particularly interesting reoilts dur-
ing the year. 

Utilization of growth resources 

When trees and crops are planted together, there 
is incvitable competition for growth resources. 
The productivity of each component depends on 
its ability to capture light, water and nutrients 
and its response to changes in the microclimate, 
To understand the interactions among compo-
nents at a given site, it is crucial to identify 
which resources limit productivity and to under-
stand the mechanisms of competition for these 
resources. 

Above-ground interactions between trees 
and crops include the interception of light and 
rain and modifications of windspecd. tempera-
lure anti humidity. Below-ground interactions 
include competition for water and soil nutrients, 
A better understanding of these processes 
should make it possible to design agroforestry 
systems that maximize the positive interactions 
and minimize the negative ones. 

Tree/crop competition for above-
and below-ground resources 
An experiment was established at the Machakos 
Research Station in November 1989 to assess 
the importance of above- and below-ground 

competition between single hedgerows of 
Leuctena h'eitc'phala and adjacent maize. At 
Machakos, water tends to be the main resource 
limiting the growth of boll trees and crops. 

Work inprogress during 1991 involved man
aging Letic'l'n leucocephala in single hedge
rows by regular pruning or allowing the trees to 
grow freely as an upperstorey. Under both man
agement systems, researchers removed all prun
ings from the experimental site to simulate the 
situation on farms where prunings are likely to 
be used as fodder. 

itan effort to dstinguish above- and below
ground competition, scientists buried aroot bar
rier of galvanized iron sheets on some plots to a 
depth of I m between the trees and crops. All 
tree and crop rows were arranged on contours 
irrespective of orientation, since previous find
ings indicated that orientation has little effect on 
tree/crop interactions at Machakos. 

Maize was planted on either side of the 
leucaena in parallel rows 75 cmnapart. For suc
cessive maize crops, researchers measured 
yields row by row up to 10 rows out from the 
trees. During the first growing season of 1990, 
it was clear that the newly transplanted leucaena 
was not competing with the crop: there were no 
apparent differences between maize yields with 
trees and in sole stands. 

By February 1991, after a growing season 
with good rain, the results of competition were 
obvious. On plots with upperstorey trees, maize 
yields were lowest from rows closest to the trees 
and increased linearly as distance from the trees 



Maize cob yield 
(%sole maize) 

100.. 

60 

2 

Pruned 

Unpruned 
Pruned 

. .Unpruned 

First growing season 

2 .... S nd growing season 

4 6 8 
Distance from tree (in) 

Figure 7.Effect of distance and pruning on competition between Leucaena leucocephala
and maize in two croppFng seasons at Machakos, Kenya. 

increased (Figure 7). This pattern was visible 
within 5 in of' the trees, hut even beyond this 
distance yields were well below the average for 
sole maize. Overall yields from Plots With up-
perstorey trees were 46'4 below sole maize 
yields, 

Where the leucaena was pruned to a height 
of 50 cm, maize yields were also generally 
lower near the trees but reductions were les, 
severe. Overall yields were 201% below yields 
from sole maize. Interestingly, the first maize 
row next to the hedgerows was 10% to 15% 
more productive than the next row out. 

In the next growing season, rainfall wits poor 
and there was a long dry spell following crop 
emergence. Sole maize yields averaged only 1.5 
t/ha-about 40% of the average for the previous 
season. Again, the negative effects on individ-
ual maize rows extended 5 m out from the 
leucaena. Despite the difference in rainfall, 
overall reductions in crop yield were similar--

46% to 55%4 on plots with upperstorey trees and 
18c to 20% on plots with pruned hcdgrows. 

To elucidate above-ground interactions, sci
e t ist s installed rain gauges an dtube 
solarimetcrs between the trees and crops to mnea
sure rainfall redistribution and shading. To as
sess below-ground interactions, they installed 
neutron access tubes to a depth of 2 in between 
the trees and crops to neMasure soil-moisture 
profiles. They monitored tree transpiration rates 
using heat-balance equipment. 

The upperstorey canopy had a major influ
ence on rainfall redistribution for the three near
est crop rows. This influence was greatest 
during light rains-of less that 10 tun a day
when the nearest crop row received only 55% 
of the total rainfall. When rain was heavier than 
30 mm a day, the nearest row received 75% of 
the total. Inother words, every time it rained the 
trees deprived the adjacent crop rows of about 
5 mm of rainfall. These results suggest that the 



rain shadow created by upperstorey canopies of 
unpruned trees can cause substantial losses in 
crop yield, especial'y in areas with a high pro-
portion of light rains. 

Shading by upperstorey-tree canopies Cx-
tended to 3.8 indistance fron the trees, leading 
to a25; reduction in solai radiation on adjacent 
crops. At Machako,, such a reduction is proha-
blv not sufficient to explain 46 to 55%4 losses 
in crop yiell. 

Both hedgerows and upperstorey trees 
showed similar transpiration rates during rainy 
and dry periods. Although the upperstorey trees 
had much larger canopies, the prued hedge-
rows had a higher pioportion of young, actively 
transpiring leaves. The similarity in transpira-
tion rates suggests that diferences in comopeti-
lion Must relate to other Iactors. lnformation On 
soil-iioisture profiles wih be available in the 
next season to show wkhc e water isextracted in 
the soil profile. 

Ingeneral, these results indicate that compe-
tition between leucaena and maize in the sea-
sonallv dry tropics cali bc substantial--whether 
or not the trees are pruned and even in seasons 
of relatively good rainfall. Comnpetition for 
below-ground growth reso::..es extend wed be-
vold any effects associated with tree canopies. 

Despite cvi deuce of the importance of 
below-ground interac'ions, the root barriers had 
a negligible effect. In the first season, they led 
to crp yield increaes of' only 12r)'%next to 
upperstorey trees and 7%,( next to hedgerows. 
Restlts in the second season were simifar. Proi)-
ably, thc tree roots grew under the barriers aiid 
arched back iowards tile tipper soil layers to 
compete with adjacent crops. Previos experi-
ence al Machakos with trees planted in 50-cm 
sunken pits showed a similar pattern. Future 
s ork will inlide more detailed root studies, 

Studies on tree root systems 
and their graphical presentation 
A thorough iinderstanding of below-ground in-
teractions in agroforestry systems requires in-
formation on how tree and crop roots exploit the 
soil when different species arc combined. Infor-
Iation is required oi changes in tree rooting 
habits with growth over li me, with management 
inputs suchias pruning, and with the addition of 
intercrops. All rot research is dif'icult and time 

consuming, and root studies in agroforestry may 
be complicated by difficulties in distinguishing 
the fine roots of trees fron those of crops. 

Three methods are commonly available for 
investigating tree root systems--trenching, core 
sampling and probing with inini-rhizotrons. 
Studies at Machakos have been based on trench
ing because this approach provides the most 
complete picture of rooting patterns. Work has 
concentrated on the interface between blocks of 
trees and maize, hedgerows of different species, 
and unpruned trees surrounded by crops. Re
searchers obtained results in 1991 for three di'
ferent hedgerow species, witlh particular 
emph asis on developing methods for the graph
ical display of' root systems. 

Observations were derivcd i'romll tr,nches ex
cavated at right angles across hedgerows of 
C'assia sianma. Le'acna h 'uaocelaland 
Gliricidia epium. The trees had been estab
lihed for about 4.5 years. They were spaced at 
intervals of50 cii within rows arranged 5 and 6 
Il apart. All hedgerows had been pruned regu
larly 'our times a year to a height of 60 cril. 
Maize was growing between the hedgerows at 
the tine of observations. 

Field vorkers excavated trenches by lhand at 
widths off 8' :(10 cii, leaving vertical faces 
undisturbed down to the rocky outcrop I .. ., 2.0 
In below the soil surface. Any roots extending 
into the trench were cut back to the soil face. 
which was wetted with a fine jet of' water im
iediately prior to data collection. This exposed 

fiIie roots and made then more visible. 
Root profiles were depicted by marking the 

position of each root on clear polythene sheets 
spread across tile trench faces. Three root grades 
were distinguished-fine roots of less than 0.5 
mmn in diameter, mefdiurn roots of'0.5 to 2.0 nn, 
and large roots of'2.0 to 5.11mm. The marks were 
later counted using a wire grid divided into units 
of 5 x 5cii. 

Neither photographic records nor numerical 
data gave a comprehensive picture off underly
ing root patterns, so total cotnts fron each grid 
unit were grouped into appropriate classes and 
depicted in two ways: by splining and by a 
scaled-density random-dot method. 

With the spliting method, the number of' 
roots in each grid unit is displayed as a single 
value attributed to the centre of the unit. A cubic 
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A field technicianmonitors the soil-moisturestatus between hedgerows andcrops atthe
 
ChalimbanaAgriculturalResearch Station in Zambia.
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Figure 8. Computerized representation of fine roots of Cassia siamea, Leucaena leucocephala
 
and Gliricidia sepium hedgeroivs at Machakos, Kenya, displayed by a splining technique.


Observations are from trenches cut perpendicular to the hedgerows.

Values are means of both sides of the trench.
 

spline function is then used to smooth these With th. :andom-dot method, all dots repre
points and produce a contour diagram of root senting individual roots in cach original grid 
densities. Figure 8shows the distribution of fine unit are displayed in locations assigned at ran
roots adjacent to cassia, leucaCna and gliricidia dora within the unit. Figure 9 is a dot diagram 
hedgerows as depicted by this nethod. of'root distribution next to the cassia hedgerow. 
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Figure 9. Computerized representation of the fine roots of a Cassia siamea hedgerow at Machakos, 
Kenya, displayed by a scaled-density random-dot technique. Observations are from a trench cut 

perpendicular to the hedgerow. Values are means of both s/des of the trench. 

ile Ithree species reached a max-roots of all 
imun depth (1labout 1.5 m.Cassia and gliricidia 
both had moderate rooting densities, with fine 
roots gener Ilyclustered neneath and near tile 
hedgerows. By contrast, the fine roots of 
leucaena were spread densely throughout the 
8-m trenches. The leucaena also appeared to 
root more deeply than other two species.tile 

These observations may help explain other re-
sult, from Machakos indicating that Le''acnia 
h'I oce ,phala is highly competitive at this site. 

Several observations relate to the accuracy 
of the methodology. The 5 x 5-cm grid used in 
this SItLdV depicts root densities more precisely 
than would be possible using larger grids. The 
random-dot method generates accurate iifor-
nilation with small grid units, especially at low 
root densities. because it depicts root numbers 
precisely. The splining method displays larger-
scale rooting patterns moe clearly, especially at 
high root densities, 

Nutrient cycling 

Throughout the tropics, farmers report declin-
ing soil fertility as one of their most serious 
problems. Afroforestry can help maintain soil 
fertility through several mechanisns-mainte-
nance of soil organic matter, nitrogen fixation, 

erosion control and increased efficiency of nu
trient cycling. 

Nutrient cycling is the )rocess by which 
plants retrieve nutrients from the soil through 
their roots and return them through the decom
position of residues. These include leaves and 
roots that are shed, prunings applied to the soil, 
and whole plants when they die. 

Under natural forest, less than I(4 of the 
nutrients recycled between soils and plants is 
lost from the system. By contrast, under contin
uous cropping, 40(1/ or more of total nutrients 
may he lo;t. Agzroforestry systems ( tmnpoten
tially achieve a recycling ratio somewhere be
tweer' these two values. 

This potential arises primarily from the ca
pacity of tree roots to take up soil nutrients that 
would otherwise be lost by leaching. Legumi
nous trees also have tie ability to fix atmo
spheric nitrogen, making this important nutrient 
available to other plants. 

In any specific situation, the capacity of an 
agroforestry system to enhance nutrient cycling 
denend,; both on environmental conditions and 
on managenlent factors. Physical and chemical 
soil characteristics and soil fauna are important 
as well as climate. Management aspects include 
the selection of tree species with appropriate 
phenology, rooting patterns and litter quaiity. 
the temporal and spatial arrangement of' the 



trees, the selection and management of associ-
ated crops. fertilizer application, and nutrient 
removal through the harvest of trees and crops. 

Scientists need to understand these complex 
processes in order to predict the impact of intro-
ducing agroforestry in a particular environment. 
ICRAF lauied a comprehensive research 
programme in this area in 1991, beginning with 
a planning workshop. Studies already in prog-
ress included a comparison of soil-fertility 
maintenance by annuai and perennial legumes. 

Planning workshop on soil fertility 
and nutrient cycling 
Collaborating scientists came to CRAFhead-
qiuarters in March 1991 to plan a comprehcnisive 
research programme on nutrient cyclirig in 
agroforestry syster s. These included research-
ers and research directors from tile University 
of Reading (UK), the Iropical Soil Biology and 
Fertility (3SBF) Programme, tile International 
Fertilizer Development Centre IFDC), the Uni-
versity of Nairobi and KARl. Representatives 
from donor organizations also participated in 
the meeting. 

Key research qLestionIs were broken down 
into specific hypotheses and these were ranked 
in ternis of priority. These hypotheses will pro-
vide the basis for a new research initiative on 
nutrient cycling, to be funded in part by tile 
British Government's Overseas Development 

Administration (ODA). Researchers are now in 
the processing of selecting appropriate experi
mental sites for the programme, representing 
typical situations of land depletion. These will 
be in the area around Machakos and in western 
Kenya. 

Comparison of annual and perennial 
legumes 
Farmers throughout the world traditionally 
grow annual leguminous crops-sIuCh as beans. 
cowpea and pigeonpea-in rotation or under 
intercropping witri cereals. These legumes pro
duce edible grain and help improve soil fertility 
by fixing nitrogen. Before introducing 
agrolorestry into traditional systems, it is ini
portant to ask whether leguninous trees call 
enhance the efficiency of nutrient cycling and 
make a better long-ter-ni contribution to soil 
fertility than annual legumes. 

Scientists established an experiment al 
ICRAF's Machakos Research Station in 1989 
to compare the soil-fertility effects of' i short
season legume (cowpea), a full-season legume 
(pigeonpea) and a leguminous tree (Gliricidia 
S'pium). These are raised in the following sys
terns, using maize is a test crop to detect in
provxements in soil fertility: 
- Maize in sequence with cowpea 
* Maize in sequence with pigeonpea 
* Maize intercropped with pigeonpea 

Table 23. Maize yields (t/ha) in combination with annual and perennial legumes 
at Machakos, Kenya. 

- Year One- - Year Two -
Cropping System Oct 89-Feb 90 Apr-Jul 90 Oct 90-Feb 91 Apr-Jul 91 

Cowpea-maize rotation 
Pigeonpea-maize rotation 

-

-
2.40 

-
3.0 a 
3.07 

1.9,i 
2.22 

Pigeonpea/maize intercropping 3.17 - 3.38 -
Gliricidia/maize hedgerow intercropping 
Maize + gliricidia mulch (block planting) 
Continuous sole maize 

3.09 
2.57 
3.02 

1.52 
2.04 
2.17 

2.79 
3.38 
2.96 

0.86 
1.62 
1.47 

SED 0.341 0.204 0.411 0.266 

Rainfall (mm) 440 620 333 214 

ayield is from the repeated maize-cowpea sequence, which represents one season's effect 

of cowpea. 



" 	Maize intercropped with gliricidia, with tree 
prunings applied to the crop as mulch 

" 	Maize and gliricidia grown separately, with 
similar land areas allocated to trees arid crop 
as under hedgerow intercropping and all tree 
prunings applied to the crop as mulch 

" Continuous sole maize cropping as a control, 
The two sequential systems have been tepeated, 
starting with cowpea or pigeonpea, to allow 
comparison of maize yields across all systens 
in every season, 

Preliminary results from four cropping sea-
sons are given in Table 23. One season of cow-
pea in rotation did not influence maize yields, 
but two cowpea/rnaize rotations improved 
maize yields by 30(4 compared with continuous 
maize cropping. Similarly, the first maize crop 
immnrediately following pigconpea (fidl not bene-
fit from a residual effect, but the second maize 
yield was improved by 5(4. Yields from maize 
intercropped with pigeonpca were similar to 
yields from the control. 

In the hedgerow-intercropping arrangement, 
young gliricidia trees did not compete with 
maize in the first season, but in subsequent 
seasons larger trees were very competitive with 
adjacent crops. This competition was more pro
nounced when the trees were not pruned and 
when rainfall was below normal, 

Under tlie block-planting arrangement, 
maize plots lost 1714 of their area to gliricidia. 
In the firi two seasons, the application of' tree 
mulch was not effective enough to outweigh this 
loss of planting irea: total maize yields were 
slightly lower than those from control plots. In 
the third and fourth cropping seasons, however, 
maize yields were the same or better under 
block planting than controls, probably due to the 
beneficial effects of the mulch, 

These preliminary results indicate the poten-
tial benefits of' tree mulch but i not favour 
hedgerow intercropping at this site. The long-
tem1 evaluation of the different cropping sys-
terns will include assessments of nutrient 
budgets and soil-nutrient status, 

Effect of Frankia on the growth 
and development of Casuarina 
The casuarinas, native multipurpose trees of 
Australia, may have potential for producing 
fuelwood, charcoal and building poles in the 

subhumid zone of Southern Africa. In other 
regions, they grow well on poor soils because 
they can fix atmospheric nitrogen in symbiosis 
with the actinomycetes fungus Frankia. 

ICRAF and collaborating scientists at 
Chipata, Zambia. began an experiment in 1990 
to evaluate the survival and( growth of 
Ca.suarina equisei/olia, Ca. uarint. 
cunninghauianaand Casuarinaglaii'a propa
gated from seed with or without inoculation 
with the Frankia symbioni. Six months after 
planting in the field, Casuarina equi.seti/ilia 
showed the benc" '( "Frankiainoculation. The 
inoculated seedlings were twice the height of 
non-inoculated conrrols and were considerably 
larger in terms of root-collar diameter. 

Mortality rates were generally high, due pri
warily to termite damage, but were lower for 
plants that had been inoculated. The other two 
species did not respond significantly to Frankia 
inoculation, but they were generally less sus
ceptible to termite damage than Casuarina 
equiset/i[flui. 

Control of soil erosion 

Agroforestry offers a powerful tool for soil and 
water conservation. Trees may be added as a 
supplement to conventional soil-conservation 
structures-such as ban;'s, ditches, grass strips 
or terTaces-or they can h.p control erosion on 
their own, by checking runoffand soil loss. Two 
agroforestry systems in particular provide this 
important function: contour-aligned hedgerow 
intercropping, which can be practised over a 
wide range of environmental conditions, and 
multilayered tree gardens, whose potential lies 
largely -in the humid tropics. 

The design of an agroforestry system for soil 
conservation must take several environmental 
factors into consideration. such as slope, soil 
type, and rainfall amount and intensity. Design 
qtuestions include the choice ofspecies, planting 
arrangement, pruning regime, and management 
of residues. Strategic research on the soil-con
servation function of agroforestry systenis pro
vides an infornmtion base to help design 
appropriate systems for specific sites. 

ICRAF has been investigating and demon
strating the soil-conservation potential of 



agroforestry at the Machakos Research Station 
since 1984. Experiments test the effectiveness 
of contour-aligned hedgerows of Leucaena 
lucocephaa and Cassia siamea on land slop-
ing at 14%. Other trials compare single and 
double hedgerows spaced at different intervals 
across the slope, 

Erosion control by soil cover 
from tree prunings 
There are basically two ways to use trees and 
shrubs to control erosion-by providing bar-
riers or ground cover. With the first approach, 
contour-aligned hedgerows are used as seni-
permeable barriers to increase water infiltration 
and retain soil particles. These provide an alter-
native to earth structures, which perform asim-
ilar function. 

With the cover approach, pruned material or 
litter from trees is spread over the soil surface, 
checking both raindrop impact and runoff. 
Computer modelling and experimental data 
both show that the maintenance of a ground 
cover of plant litter can be highly effective in 
checking erosion. Even a 10"/ cover can reduce 
runoff by 7514, while a 40'7/ cover can reduce 
runoff by 90c/ compared with the rate for bare 
soil. 

ICRAF is testing erosion control at 
Machakos using hedgerow intercropping and 
the application oftree-litter mulch. The trials are 
designed to measure the movement of water, 
soil and plant nutrients and to determine rates of 
loss. 

One experiment comparing the effectiveness 
of barriers with soil cover generated interesting 
results in 1991. The objectives were twolold: to 
establish the quantity of soil cover obtainable 
from tree prunings, either from hedgerows or 
from an external source, and to determine 
whether surface mulch from prunings could 
provide an effective soil cover throughout the 
erosive rainy period, 

Four treatments were compared: 
1. Cassia siamea hedgerows plus mulch: single 

hedgerows 4 m apart were composed of 
plants spaced at intervals of 25 crn and all 
prunings were applied as mulch on the 
cropped alleys. 

2. Mulch only without hedgerows: the same 
amount of cassia mulch as in treatment I, 

from an external source, was applied to sole 
crops. 

3. Leucaena h'ucocephaila hedgerows plus 
mulch: the same as treatment 1, but with a 
different hedgerow species. 

4. Control: sole crops with no soil-conservation 
treatment. 
The crops were cowpea in the first growing 

season each year and maize inthe second. Cas
sia hedgerows were pruned twice a year, once 
before each growing season The leucaena grew 
more quickly and had to be pruned once ortwice 
more during the growing seasons to prevent 
spr,-ading across the alleys. 

Fesh hedgerow prunings were weighed and 
sampled to determine dry weight before being 
applied as mulch. Soil cover was measured at 
randomly selected points every 10 days from 
before crop germination to harvest, using a 1.33 
sq ii quadrat divided into agrid with 100 inter
section points. Measurement was based on 
counting how many intersection points fell on 
hedge, crop, weeds, mulch or stones. In the data 
presented here, the low values for weeds and 
stones are omnitted. 

Results are available for five cropping sea
sons from 1989 to 1991-three with cowpea 
and two with maize. Rainfall was average for 
one season, above average for two seasons, and 
below average for two seasons. Fresh biomass 
from cassia prunings averaged 1.21 kg/m of 
hedge annually, equivalent to 3.00 tI/ha. Dry 
matter was approximately 35(/ of fresh weight. 
The leucaena hedgerows produced 1.70 kg/m of 
fresh biomass annually, equivalent to 4.39 t/ha. 

Single liedgerows spaced at 4 in produced 
more than enough mulch to provide a30% cover 
for the cropped alleys. A plot of trees in sole 
stand, spaced at I x I in, produced about 8.5 t/ha 
of mulch per year. 

Figure 10 depicts the percentage of'soil cover 
provided by different components of the system 
throughout the cropping season. Initially, the 
cover provided by the crop was low, but after 50 
days it reached 50(1c. The tree mulch provided 
an initial cover of 5 0 c4 ,decreasing to 30. after 
30 days and I0( after 40 days as the material 
decayed. Thus the growth of the crop and the 
decay of the mulch were complementary, so that 
throughout the growing season the total soil 
cover never fell below 50%. With cowpea, soil 



cover increased again at the end of the growing cayed so rapidly, the cover provided by this 
season when tile species was consistently less than the level procrop shed its leaves. 


This pattern occurred in all tile
growing sea- vided by cassia. 
sons, whether the crop was inaize or cowpca. In Tile single hedgerows planted 4 m apart in 
alnost every case, tile this experiment occupied 10)// of the croppedcrop established acover 
of 50'Y4 to 60(- about 50 days after germination, area. Trees planted inblocks required more land 
File lowest crop cover at this stage of growth, to produce the sane anount of mulch, or 
provided by cowpea during the poorc.,t growing slightly more dhan one-third of the entire area 
season, was 351;',. This would he sufficient to available to trees and crops. The hedgerows
control most erosion problems. Thus the key were probably more productive than the trees 
role of the trees was to maintain adequate cover planted in blocks because they had access to 
during tile moisture and nutrients in larger areas during tilefirst 50 days of tie growing season, 
when crop cover was SLInt and when intense non-cropping period. 
storns are likely to occur. These findings indicate that tilemost effec-

On all piots ,..ith cas .ia, mulch cover was tive approach for controlling erosion isto plant 
never lower than 24, ,and in 7out of 10 seasons contour hedgerows and to apply mulch, but 
tile either hedgeroa sor mulch alone reduces erolowest cover in any Il-day period was nore 
than 3WI4 (Table 24). O)n plots without mulch, sion to acceptable levels. Runoff and soil-loss 
cover was less than 101/( for a period ranging data are now being compiled lor different treat
from 20 to at beginning of tie ments and years. Although a system of hedge30 days tile 
growing season. Because leucaena mulch de- rows with mulching isgenerally more efficient 

Figure 10. Development of soil cover under hedgerow intercropping with maize or cowpea

and Cassia siamea: average of observations over five growing seasons at Machakos, Kenya.
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Heat-pulse probes on the trunk of a Faidherbia a'bida at the Machakos Research Station measure 
the rate at which the tree takes up water. 



Technology 

Cassia hedge +mulch 
Cassia hedge +mulch 
Cassia hedge + mulch 
Cassia hedge + mulch 
Cassia hedge +mulch 
Cassia hedge +mulch 

Leucaena hedge + mulch 

Cassia mulch only 
Cassia mulch only
Cassia mulch only 
Cassia mulch only
Cassia mulch only
Cassia mulch only 

Control, no conservation 

- Lowest Soil Cover (%) -
One lO-day Twoor More

Crop Year Period 10-day Periods 
cowpea 1989 43 50 
cowpea 1990 54 54 
cowpea 1991 46 51 
maize 1989 35 48 
maize 1990 27 28 

mean of five seasons 41 46 

mean of five seasons 31 34 

cowpea 1989 52 52 
cowpea 1990 38 38 
cowpea 1991 42 52 
maize 1989 24 38 
maize 1990 26 27 

mean of five seasons 36 41 

mean of live seasons 2 3 

Table 24. Lowest levels (%)of soil cover provided by mulch from tree prunings 
at Machakos, Kenya. 

than planting trees in blocks, a farmer with a 
small area of poor land suitable for tree produc-
lion can also achieve effective erosion control 
by applying mulch from a block planting. 

Integrated pest management 

The full biological potential ofagroforestry sys-
tems may not be realized if the interactions of 
components result in increased pest problems. 
Trees and crops may both host the same pest.
resulting in pest populations that increase to 
harmful levels. 

By contrast, trees may ict as a barrier or trap 
to inhibit the spread of pests; or may serve as 
hosts to natural parasites. 

In 1991, an entomologist came to ICRAF 
from India on a fellowship sponsored by GTZ 
The objectives of the fellowship were to: 

Review and synthesize available information 
on insect pests in agroforestry including prob-
lems associated with specific agroforestry 
systems 

* 	Survey insect pest infestation at ICRAF's 
field research sites in Africa and, if possible, 
ascertain the importance of observed pests 

* 	Suggest future research priorities related to 
insect pests in agroforestry.

ICRAF will publish a detailed report on this 
study as aWorking Paper.

Surveys at five sites did not reveal any exam
pies of component interactions that either fa
voured or inhibited the build up of pest
populations. In general, the inclusion of diverse 
species in agroforestry systems may tend to 
reduce the incidence of crop pests. 

Among the dozens of multipurpose trees 
now being screened at different sites, Cajanus 
Cjun (pigeonpea), Seshania seshan, Er"thrina 
ahvssinicaand Cassia siamea most frequently 
harboured insect pests, while Calliandra 
calothyrsus showed insect damage at one site in 
Burundi (Table 25). No other 'pvcies showed 
major pest damage. 

Green aphids were :dmmonly observed on 
gliricidia, pigeonpea and calliandra, while 
mealybugs and leaf hoppers were observed on 



erythrina and Albizia lebbeck. Eiythrina was 
heavily attacked by a lepidopteran stem borer, 
particularly trees planted in pure stands. Inter-
estingly, a number of hymenopteran parasites 
were observed on the sucking insects infesting 
pigeonpea and cassia. Samples were sent for 
identification to the International Institute of 
Entomology in the UK. 

Susceptibility of sesbania 
to Meloidogynejavanica 
Tobiacco isan important cash crop in the region 
around Tabora, Tanzania. Sesbania and tobacco 
are both susceptible to root-knot nematodes 
(Melidogyne spp.) and infestation can become 
a serious problem if these two species follow 

each other frequently on the same land. In a 
nursery study conducted in 1990, both Seshania 
seshan and Seshania macrantha showed root 
damage after nematode infestation, although the 
Sesbania inaranlza showed more resistance 
than the Sesbania se.shan. In 1991, scientists at 
Tabora evaluated 10 accessions of Seshania 
seshan and I accession of Sesbania macrantha 
for susceptibility to Mehaidogyn'jawaica. 

Individual plants were grown in separate 
pots of sterilized sandy loam, forest clay loam 
and sand. The accessions werc evaluated in two 
separate tests: they were inoculated with see
ond-stagc juveniles of the nematodes or with 
nematode egg masses. Fifty days after inocula
tion, the plants were rated for susceptibility to 

Table 25. Insect pests observed on multipurpose trees at field sites in Kenya,
 
Burundi and Cameroon.
 

Tree Species Insect 

Cajanus cajan 
Melanogromyza chalcosoma 
Helicoverpa armigera 
Ptyelus grossus 
Coccus longulum 
Megalurothrips sp. 
Aphrophora alni 

Sesbania sesban
 
Mesoplatys ochroptera 
Trochalus sp. 
Riptortus sp. 

Erythrina abyssinica 
Libyapsis punctata 
Aprostocetus sp. 

Cassla siamea 
Xyleutes capensis 
Xyopsocus sp. 
Spilococcus sp. 
Coptotermes sp. 
Odontotermes noaensis 

Calllandracalothyrsus 
Apion sp. 
Monolepta pauperata 
Myllocerus sp. 
Diplognatha silicea 
Pachnoda aemula 

Nature of Damage 

Maggots bore into buds and damage seeds 
Caterpillars bore into flowers, buds and pods 
Sucks sap from stems and branches 
Sucks sap from shoots 
Infests flowers 
Sucks sap from stems and branches 

Defoliates 
Defoliates 
Sucks sap 

Devitalizes plants 
Forms galls on leaves 

Larvae bore stems 
Bores holes inwood 
Infests leaves 
Damages roots and shoots 
Damages roots and shoots 

Feeds on foliage 
Feeds on foliage 
Feeds on foliage 
Sucks sap and injures bark 
Defoliates 

Antestiopsis cincticollis Sucks sap from tender parts 
Atelocera sp. Sucks sap from tender parts 
Megalurothrips sp. Infests flowers 
Thrips sp. Infests flowers 



Inoculation with Juveniles Inoculation with Egg Masses
Species and Accession Root-Gall Egg-Mass R Root-Gall Egg-Mass R 

Index Index Index Index 

Sesbania sesban 028 4.3 3.8 0.8 2.0 2.0 0.4
Sesbania sesban 08 B 4.3 3.5 0.8 3.5 2.5 0.6
Sesbania sesban 014 2.8 2.3 0.5 1.5 2.0 0.4
Sesbania sesban 15 2.0 2.0 0.4 4.5 4.0 0.9 
Sesbania sesban 027 2.0 1.8 0.4 4.0 4.0 0.9 
Sesbania sesban 029 6.0 4.0 0.9 1.5 1.5 0.S
Sesbania sesban SR19 3.3 2.8 0.6 4.0 3.5 0.8
Sesba iia sesban T110 2.3 1.8 0.4 5.0 4.0 0.9 
Sesbania sesban NRB1 3.8 3.0 0.7 6.0 3.0 0.7
Sesbania sesban ex-Tumbi 3.3 2.8 0.6 3.0 3.5 0.8
Sesbania macrantha 017 1.5 1.0 0.2 3.0 2.5 0.6
Tomato (cv. Money Maker) 6.0 4.5 1.0 7.0 4.5 1.0 
SED 0.61 0.55 - 1.02 0.52 -

R (reproductive rating) = Egg mass index of accession/Egg mass index of tomato. 

Table 26. Effects of inoculating different sesbania accessions with the root-knot 
nematode Meloidogyne javanica. 

the nematodes on the basis of root-gall and Nevertheless, the variability in susceptibility to 
egg-mass indices. A reproductive index (R)was the nematode suggests the potential of selecting
computed by dividing the average egg-mass appropriate gernplasm for infested soils. 
index of each accession by the egg-mass index 
of susceptible tomato plants. 

All accessions became infecled, but there Component interactions 
were significant differences in rates of infection with livestock 
as evidenced by root-gall and egg-mass indices 
(Table 26). In general, the root systems of in- Domestic animals are an important component
fected plants were short, with fewer lateral or of most smallholder fanning systems in the
tertiary roots than those of non-infected plants. tropics. However, livestock fodder is often of 

These results indicate that Seshmnia species poor quality and many farmers experience fod
can support the reproduction of Meloidogwu, der shortages, particularly during the dry sea
javanica, which re' tricts the range of crops that son. The incorporation of trees into the cropping 
can be grown in association with sesbania in system provides an oppertunity to produce
soils where nematode infestalion is a problem. high-quality tree fodder throughout the year. 

Table 27. Chemical composition (%dry matter) of tree fodder fed to goats at Tabora, Tanzania. 

Nitrogen Phosphorus Calcium Magnesium Potassium 

Leucaena leucocephala 3.23 0.22 0.43 0.42 1.33 
Cajanuscajan 
Sesbania sesban 

3.25 
3.44 

0.30 
0.20 

0.41 
0.4,7 

0.25 
0.11 

1.20 
1.64 



Leucaena leucocephala 

Cajanus cajan 

Sesbania sesban 
Controls (no supplement) 

SED 

Wet Season 
Daily Intake 

(g/head) 

86 
91 
83 
-

(Oct-Mar) 
Daily Weight 
Gain (g/head) 

37 
43 
38 
21 

3.6 

Dry Season (Apr-Jun) 
Daily Intake 

(g/head) 
Daily Weight 
Gain (g/head) 

92 41 
113 40 
79 39 
- 20 

1.8 

Table 28. Daily intake and weight gain of kids grazing on natural pasture and supplemented 
with three fodder species, Tabora, Tanzania. 

ICRAF is examining the potential o1f multi-
purpose trees to produce fodder when grown 
separately in fodder banks or interplanted with 
grasses or crops. Scientists are monitoring ani-
meal intake and responses to tree fodder. One 
objective is to identify anti-nutritional charac-
ters inherent in fodder from some trees. 

Research on livestock in agroforestry sys-
tens is a modest aL dVity at ICRAF. Studies are 
now in progress at three sites-Tabora, Chipata 
and Yaounde (Cameroon). This work will in-
crease as research programmes expand in 
Burkina Faso, Mali, Niger and Senegal. 

Supplementary fodder trials 
in the subhumid zone 
Farmers in Tainania keel) more than 6 million 
goats, depending exclusively on natural pasture 
to fill their nutrient requirements. Hlowever, 
during most of the year. the region's grasslands 
are deficient in protein and minerals to meet tile 
animals' maintenance and production require-
ments. One soltition would be to help farmers 
grow high-quality tree fodder as a feed supple-
merint for their livestock. ICRAF's collaborative 
zonal programme based at the Tumbi Research 
Institute isasse!ssing the feed intake and growth 
rate of kids supplemented with fodder fron 
three iiutilt ipurpose-tree species---C'ajanus 
Cajanl. Leuaena leucocephala and Seshania 
Ne.shan. 

From October 1990 to June 1991, 40 kids 
were allowed to graze oii natural pasture during 
the day and provided with all the tree fodder 
they could eat at night. A control group of 16 

kids were also allowed to graze. but without aly 
supplements. All animals were offered walrad 
lihitum and were sprayed for external parasites 
and dewornied ol a nonthly basis. 

Chemical analysis of fodder from the three 
species showed mean nutrient levels generally 
above the nininlun recommended for rumi
nants (Table 27). File exception ,Aas Seslunia 
sesha,'o. Fodder front this species had low wiag
nesin in levels all ui Urable caland vfavo 
citnm/phosphorus balance. 

Kids fed on each species showed higher 
liveweight gains than controls (Table 28). Sup
plement intake and associated weight gains 
were simi!iar during both wet and dry seasons, 
indicating th't the natural pastures did not pro
vide an adequate feed source even at tile most 
favourable time of ycar. The animals fed selec
tively on leafy biomass from all three species, 
reftusing most of the stems. 

A 12-week feeding trial at Chipata compared 
weight gains among penned goats fed maize 
husk supplemented with tree fodder or I1%urea. 
Fodder supplementation was with fresh leafy 
biomnass of. Le'wena h'ucocephala and 
Calliandra caloth ' sus. Crude protein content 
was 28/ for the Ieucaena, 33% for the 
calliandraand4'/ for the maize husk (Table 29). 

Supplementation with fodder lowered the 
intake of maize husk, but increased total dry
matter intake. It also resulted in significantly 
better digestibility. Goats sUppleniented with 
tree fodder gained more weight than those sup
plemented with urea. The average daily weight 



gain was 4.9 g for maize husk plus inea, 28.7 g researchers measured crop yields from small 
for maize husk plus leucaena, 18.5 g for maize quadrats covering whole areas of the fields
husk plus calliandra and 22.6 g for maize husk initially 3.24 sq m and later increased to 12.96 
plus calliandra and leucaena. 	 sq m. They also analysed low-level aerial pho-

Guidelines for agroforestry

experimentation 

One aspect of ICRAF's strategic research pro-
gramme on component interactions is con-
cerned with the development of methods and 
tools for conducting agroforestry research and 
analysing results. Work in this area in 1991 
focused on developing methods to handle the 
wide variability encountered when agrolorestry 
research goes on fann. 

Implications of spatial and temporal 
variability in agroforestry research 
Knowledge of site variability is essential to 
design efficien, field experiments. Guidelines 
based oii long-standing experience or on the 
results of uniformity trials are not widely avail-
able for agroforestry or for on-farm experimen-
lation. For this reason, ICRAF initiated a project 
in 1990 to help develop guidelines for on-farm 
experimentation in agroforestry. 

The goals are to: 
* 	 )etermine thc ,;patial and temporal variation 

of crops and trees in farmer-managed systems 
" Investigate the implications of this variation 

for on-farm agroforestry experimentation 
" Identify factors that might indicate the scale 

of variability on farmers' fields for use in the 
design of on-fann field experiments. 
The study was undertaken on 12 farms 

neighbouring ICRAF's Machakos Research 
Station. Here farmers grow maize and beans 
sequentially on fields averaging 0.29 ha. ICRAF 

tographs taken twice in each growing season to 
capture growth variability. 

Data from one farm have been analysed to 
determine the coefficients of variation for ag
gregation of quadrats into different plot sizes 
and shapes, as 'ell as the variance structure of 
spatial data. In analysing coefficients of varia
tion for plot sizes, blocks were kept as square as 
possible. Each contained four or five plots, 
which were either square or long and narrow. 
Long, narrow plots were orientated in two di
rections at 90' angles to each other. 

The coefficients of variation for the long, 
narrow plots were about half of those for square 
plots (Figure II). This trend was observed in 
two different seasons, even though the correla
tion between data sets for the two seasons was 
small. Coefficients of variation were similar for 
long, narrow plots at different orientations. 

This analysis only gives results for particular 
blocks and plots. Modeling spatial variability by 
calculating seni-variance is a more useful ap
proach because it supports plot design on fields 
of all shapes and also makes it possible to use 
data sets of unequal size and with missing val
ues. These data were analysed by calculating the 
semi-variance, which describes the change in 
the variance of the difference between two data 
points as the distance between them increases. 

Figure 12 shows variograms for maize yields 
on the same fann it, three seasons. These vari
ograms were similar for the three maize har
vests. Although the correlations suggest that 
yields in the three seasons were spatially differ
ent, the variograms indicated that the structure 
of variation was similar. 

Table 29. Chemical composition (% dry matter) of feed components fed 
to goats at Chipata, Zambia. 

Dry Matter Crude Protein Ash Acid Detergent Fibre 

Maize Husk 
Leucaenaleucocephala 
Calliandra calothyrsus 

87 
28 
33 

4 
25 
24 

4 
11 
8 

30 
23 
46 
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Figure 11. Coefficients of variation (%)of maize cob yield from two harvests on a farmersfield
 
at Machakos, Kenya. Coefficients of variation were obtained for three plot sizes (117, 207
 

and 324 sq m)and three plot shapes (squar, long and narrow vertical,
 
and long and narrow horizontal).
 

Using the variograms, contour plots were 
produced for yields in the three seasons and 
residual variances were constructed for differ-
ent plot and block sizes and shapes to judge the 
efficiency of different designs. The results re-
vealed that long, thin plots provided better esti-
mates of total yield on this field, as long as one 
dimension was less than the range, which was 5 
quadrats. 

For example, a plot of 7 quadrats square had 
a residual variance of 13, compared with a re-
sidual variation of 4 for a long, thin plot of the 

same area. Thus the long, thin plots were three 
times as efficient as the square plots. 

Further analyses will include the costs asso
ciated with different designs to detennine opti
mum plot size and shape. The data from the 
other farnis will also be analysed. In October 
199 I, Grevilla robusta trees were planted on 
fbur of the farni, at a spacing of I rn. This will 
make it possible to compare tile variance struc
ture associated with maize and bean yields with 
variance associated with trees. 
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Figure 12. Variograms, depicting semi-variance against distance between pairs, for three maize 
harvests on a farmer's field at Machakos, Kenya, with models fitted to the data. 
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Hedgerow-intercropping trial at the Chalimbana Agricultural Research Station in Zambia: 
several hedgerow species are being evaluated with maize interplantod in the alleys. 

ICRAF's research programme on agroforestry 
systems focuses on traditional and innovative 
practices that have the potential to alleviate rural 
poverty while arresting the global threats of 
deforestation and land depletion. The selection 
of research areas is based on assessment of the 
problems and opportunities of land users in 
priority ecological zones. Current work ad
dresses alternatives to slash-and-burn agricul 
ture in the humid tropics and problems ofhand 
depletion in the subhumid and semi-arid tropics. 
This will be expanded to include studies on 
agroforestry for the reclamation of abandoned 
lands. Improved agrolorestry s-stems are as-
sessed in terms of biophysical, ecological and 
socio-economic impact and sustainability. 

Multidisciplinary ieams conduct long-term 
research at a range of sites across ICRAF's three 
priority agro-ecological zones-the humid, 
subhumid and semi-arid tropics. They are as-
sessing agroforestry systems on station and on 

farm, including improved fallows, hedgerow 
intercropping, scattered trees in cropl!-;id, sys
tems that provide tree by-products while help
ing to control soil erosion, fodder banks, and 
systems with npperstorey trees for wood pro
duction. 

Improved fallows 

In many parts of the humid and subhumid trop
ics, farmers traditionally fallow land to restore 
soil fertility. However, increasing pressure on 
land resources has resulted in shorter fallow 
periods and declining soil fertility. 

Farmers may respond by clearing new land, 
often destroying natural forests. Alternatively, 
they may use expensie chemit'al fertilizers or 
accept lower levels of roduciuin. Managed 
fallows with leguminous trees and shrubs are 
another, promising, alternative. Well-selected 
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fallow species grcw and make theircontribution 
to soil fertility more quickly than natural vege-
tation. They may also provide valulble by-
products such as poles and fuelwood. 

Improved-fallow research in Africa's sub-
humid tropics locuses primarily on the indige-
nous nitrogen-fixing tree, Sesbania seshan. 
Management facwrs include fallow length, tree 
density and th,: tiiming of fallow establishment, 
In Southern Africa. studies include 'relay 
cropping' in which sesbania is interplanted with 
maize (luring the cropping season and allowed 
to grow on during the dry season after the maize 
is harvested, 

Studies on improved fallows in tile humid 
tropics include Caianus cajan (pigeonpea), 
Desmodium distortu.-n and Crotalariaan-
agyroids, among other species. Management 
factors include fallow length, timing and 
method of tree establishment, and treatment of 
fallow residues, 

The effects of improved fallows are evalu-
ated in terms of tree growth and biomass pro-
duction, tile productivity ofcrops, the impact on 
crop responses to fertilizer, and changes in soil-
nutrient :tatus. Table 30 seows the sites where 
improved-fallow systems were under evalua-
tion in 1991. Results were obtained in the sub-
humid zone at Chipata (Zambia) and Makoka 
(Malawi) and in the humid zone at Yaound6 and 
Ebolowa (Cameroon). 

Improved fallows for the subhumid 
tropics 
ICRAF aid collaborating scientists began an 
improved-fallow trial at Msekera Regional Re-
search Station in eastern Zambia in December 

1987. They grew Sesbania sesban at different 
densities for one, two or three years, felled the 
trees and planted maize with or without inor
ganic fertilizer. 

The trial included two provenances of 
Seshmnia sesban var. nuhica-Kakamegafrom 
Kenya and Chipata from Zambia. This indige
nous multipurpose tree was selected because of 
its adaptability to the climate and soil conditions 
of eastern Zambia, its fast growth and high 
biomass production, its ability to fix nitrogen, 
and its wide availability. Throughout tile study, 
there were no important differences between the 
two sesbania provenances. 

Tree seedlings were planted at three spac
ings-giving densities of 40,000, 20,400 and 
10,000 trees/ha---on plots that had previously 
been under natural fallow. Three months after 
establishment, both provenances had grown up 
to 2 m in height with at least 40 branches. At six 
months, trees averaged 3.2 mutall with about 50 
primary branches. Three years after establish
mient, height of tile seshanias averaged 5 m, 
root-collar diameter averaged 5.3 cm and sten 
diameterat breast height (130 cm above ground) 
averaged 3.0 cm. 

Woody biomass production was similar at 
different spacings as stand mortality lessened 
the original differences in plant densities. 
Monthly litter fall ranged from 0.6 t/ha in June 
1991, at tie beginning of the dry season, to 0.01 
t/ha at the end of 'he dry season in November, 
when the trees were almost leafless. 

Weeds were effectively suppressed during 
the first year with complete canopy closure. 
However, as tree mortality increased in the sec
ond and third year, so did weed biomass. 

Table 30. /CRAF's major improved-fallow trials in 1991. 

Site 

Chipata, Zambia 
Yaound6, Cameroon 
Chalimbana, Zambia 
Yaound6, Cameroon 
Ebolowa, Cameroon 
Yaound6, Cameroon 
Yaound6, Cameroon 
Makoka, Malawi 

Year Initiated 

1987 
1987 
1989 
1989 
1990 
1990 
1990 
1991 

Experimental Factors 

Fallow length, tree density, tree provenance 
Tree species 
Fallow length 
Tree species, fallow length 
Fallow length, tree species 
Residue management 
Cropping systems 
Planting time, fertilizer level 



Length Fertilizer Application - Cropping Season 
of Fallow (kg nitrogen/ha) 1987/88 1988/89 1989/90 1990/91 

None 0 grass 1.6 1.2 1.9 
None 37 grass 3.9 3.2 2.9 
None 74 grass 4.7 4.2 3.7 
None 112 grass 6.1 4.9 4.3 
One year 0 sesbania 2.3 3.8 4.4 
One year 37 sesbania 3.8 4.6 5.4 
One year 74 sesbania 5.4 5.1 6.4 
One year 112 sesbania 6.7 6.0 6.7 
Two years 0 sesbania sesbania 5.0 5.6 
Two years 37 sesbania sesbania 6.3 6.8 
Two years 74 sesbania sesbania 6.3 6.8 
Two years 112 sesbania sesbania 7.2 7.9 
Three %iears 0 sesbaila sesbania sesbania 6.0 
Three years 37 sesbania sesbania sesbania 7.0 
Three years 74 sesbania sesbania sesbania 6.8 
Three years 112 sesbania sesbania sesbania 7.4 

SED 
Between fertilizer levels for same fallow period 0.17 0.27 0.38 
Between fertilizer levels for different fallow periods - 0.41 0.47 
Between fallows and no-fallow treatment 0.52 0.83 1.18 
Between successive years after one- and two-year fallows 0.28 0.39 

Table 31.Maize grain yields (t/ha dry wt) following Sesbania ssban fallows of one, two and three 
years with different levels of fertilizer at Ch.,ta,Zambia. 

When [hc trees were felled, the roots were lows (Table 31). During the same season, the 
left in the ground and all above-ground biomass average yield from control plots without fallows 
was incorporated into the soil except the stems or fertilizer was 1.9 t/ha. Maize yields tended to 
and primary branches, which farmers would be higher after fallows planted at higher densi
normally use as fuelwood. As expected, produc- ties, but differences between tile two scsbania 
tion of woody hiomass was low after a fallow of provenances were negligible. 
only one year. averaging about 10 t/ha dry wt. Even with the addition of the full recom-
Production was highest after a three-year fallow mended rate of nitrogen fertilizer--at 112 
at the densest spacing, averagin, more than 20 kg/ha-maize grain yields on control plots de
t/ha. clined steadily over three years of continuous 

Both wood and leaf production were low cropping. Maize yields at this level of fertiliza
compared with results for seshania elsewhere, lion were substantially higher after a one-year 
most likely due to moisture stress at this site fallow, and higher still after fallows of two or 
However, annual wood production was consid- three years. At every level of fertilizer applica
erably higher than that of natural fallows in the lion, ti positiv, effects of fallowing were still 
region, estimatcd at 3 t/ha. apparent in the second year of cropping after the 

Subseqaent maize crops were fertilized at fallow and even in ihe third. This long-term 
rates of 0. 37. 74 or 112 kg N/ha. During the effect may be due to the slow decomposition 'of 
1990/91 growing season, grain yields without tree roots. 
fertilizer averaged 4.4, 5.6 and 6.0 t/ha (dry wt) These results suggest that a sesbania fallow 
from crops after one-, two- and three-year fal- may increase maize grain yields from the crop 



immediately following the fallow and even been under crops for many seasons. Differences 
from the second and third crops planted one and in tree growth six months after planting under
two years later. Beneficial effects were ob-
served at all levels of fertilizer application. As 
with natural fallows, longer fallow periods have 
a greater positive effect on subsequent crop 
yields. For fallows of the same length, the ben-
eficial (:flect appears to be greatest when the 
trees are planted at the densest spacing. 

Data on soil chemical and physical proper-
ties were collected throughout the experimental 
period. Information on soil nitrogen, organic-
matter content and other factors will now be 
analysed and compared with data on tree and 
crop production. 

The encouraging results from this experi-
ment have led to further trials, both on station 
and on farmers' fields. Improved experimental 
techniques assure that comparisons between 
fallows of different lengths are not confounded 
with seasonal differences. Steps have also been 
taken to prevent possible interference between 
experimental plots, and controls of suitable crop 
rotations and natural fallows have been in-
cluded. 

Ine extension of experimentation to 
farmers' fiOds gives access to sites that have 

score the importance of working closely with 
farmers to standardize field operations and of 
inoculating sesbania ,;eedlings with the appro
priate Rhizobiuni strain when introducing the 
species to new areas. 

Relay cropping 
The small size of landholdings in parts of South
em Africa precludes the widespread use of fal
lows and limits the introduction of agroforestry 
technologies in which trees occupy a high pro
portion of cropland. Given these constraints, 
ICRAF's collaborative programme at Makoka, 
Malawi, launched an experiment in December 
1989 to test a relay-planting arrangement de
signed to maintain the full recommended popu
lation of maize plants while utilizing the 
soil-improving capability of the sesbanias. 

Maize was planted on ridges at a spacing of 
30 cm within rows and 75 cm between rows and 
sesbania seedlings were interplanted at four 
stages of maize growth-at sowing, at the time 
of rapid stem elongation, at tasselling, and at 
maturity. Two levels of fertilizer were ap
plied-the full recommended amount for 

Table 32. First- and second-rotation maize yields under relay cropping with Sesbania sesban 
plus different fertilizer levels, Makoka, Malawi. 

Time of Tree FertilIzer a 

Plar Ing Applied 

At maize planting 0 
50 

100 
At node formation 0 

50 
100 

At tasselling 0 
50 

100 
Control 0 
(no trees) 50 

100 

SED 

Woody Biomass Green Manure 
Grain Yield Removed Applied in Grain Yield 

in 1990 (t/ha) In 1990 (t/ha) 1990 (t/ha) in 1991 (t/ha) 

0.68 4.0 2.44 2.15 
2.69 5.6 2.99 6.04 
2.86 5.1 2.62 7.42 
1.08 0.7 0.85 1.80 
3.78 1.0 0.85 5.86 
3.53 0.5 0.61 7.31 
0.87 0.3 0.30 1.62 
3.27 0.1 0.16 5.60 
3.60 0.5 0.32 7.13 
0.88 - - 1.56 
3.25 - - 5.39 
3.33 - - 7.72 

0.43 0.26 
aAs a percentage of the recommended rate. 



Malawi (14 kg N/ha and 10 kg P/ha, plus 42 kg 
N/ha as top dressing) or 50% of this amount-or 
none. 

After harvesting the maize, the sesbanias 
were allowed to grow until the end of the dry 
season. Then the) were harvested and the 
leaves, flowers, pods, twigs and small branches 
were incorporated into the soil. Maize was re-
planted in December 1990. 

Both tree growth and crop yield were poor in 
the first year due to below-average rainfall. 
Maize yields were only slightly reduced on plots 
where maize and sesbania were planted at the 
saniL time. but sesbania growth was poor on 
plots where the trees were planted !ate in the 
growing season (Table 32). 

In 1991, the maize crop benefited from the 
sesbania mulch applied at the end of the previ-
ous season. Maize grain )ields on all plots with 
sesbania were slightly higher than on control 
plots without trees but with the same levels of 
fertilizer. Woody biomass production from the 
first rotation of trees ranged from 0.I to 5.6 t/ha
(dry wt). As in the previous year. results from 
1991 suggest that it may be possible, at a mini-
mum, to produce fuclwood from sesbanias 
under this arrangement without reducing maize 
yields. The experiment iscontinuing in order to 
observe pcrforn~lnce over a longer period. 

Improved follows for the humid tropics 
Low soil fertility is an important constraint on 
food-crop production in much of the humid 
tropics. The humid lowlands of Cameroon are 
no exception. Here, farmers have traditionally 
maintained soil fertility by shifting cultivation, 
allowing fields to lie fallow under natural veg
etation for periods of more than 10 years. As 
pressure on land has increased and fallow peri-
ods have become shorter, inherently low soil
fertility 'evels are declining even further. 
Improved fallows with nitrogen-fixing trees 
might accelerate the restoration of soil fertility. 
allowing shorter fallow periods without further 
impoverishing the soil. Research in Cameroon 
has focused on identifying potentially suitable 
species for improved fallows in the region and 
on devising appropriate management practises. 

There are two growing seasons :i year. Farm
ers begin the cropping cycle by clearing small 
plots, often of less than 0.5 ha, burning the 

residues and planting an indigenous vine-
ngon (amember of the Cucurbitaceae)-which 
isan important food crop and which also plays 
a role in the decomposition of fallow residues. 
In the next season, they plant cassava, cocoyam, 
maize, groundnut, plantain, banana, sugarcane 
and vegetables, all mixed together. Seasonal 
crops are harvested as they mature and longer
duration crops, such as cassava, remain in the 
fields. Starting about one year after planting, 
cassava roots are harvested as needed, with the 
plot thus serving as a storage facility. 

Since no other cultivation takes place, the 
land begins to revert to natural fallow, with the 
weed Chrmh0Mlaenaodorata frequently appear
ing as the first colonizer. The decision to bring 
the plot back into cultivation depends on the 
availability of land and labour-the fallow pe
iod may vary from 3 to 15 years. 

One problem with the introduction of im
proved fallows in this situation isthe absence of 
a clea,,r demarcation between the end of' the 
cropping cycle and the beginning of the fallow 
period. Another problem is the practice of'plant
ing seven or more crops with widely different 
growth patterns on the same plot, and not in any
defined arrangement. When do you introduce 
the fallow species. and where? 

At current high densities of .ropping, it is 
difficult to introduce mulmipurpose trees during
the growing season without negative effects on 
crop production. However, keeping fields free 

Table 33. Maize grain yields after tNo-year 
improved fallows in Yaounde, Cameroon. 

Maize Grain 
Fallow Species Yield (t/ha) 

Cajanus cajan 5 1 
Pueratia sp. 5.1 
Pueraria sp. plus Mucuna utilis 4.8 
Crotalaria anagyroides 4.7 
Cajanus, Crotalaria 4.7 
plus two Desmodium spp. 

Desmodium discolor 4. : 
Desmodium distortum 4.2Natural fallow 3.3 

SED 0.5 
I 



Maize Yield Groundnut Yield 
Fallow Residue Management (Vha dry weight) (Vhadry weight) 

Residue burned 1.4 0.98 
Residue applied as mulch 1.7 0.35 
Residue incorporated as green manure 2.3 0.55 
Residue removed 1.2 0.20 

SED 	 0.2 0.04 

Table 34. Meize and groundnut grain yields in response to management 
of fallow residues, Yaound6, Cameroon. 

of weeds is extremely labour intensive and 
farners are riot likely to clear land at other times 
ofyearjust for fallow species that do not provide 
any direct products,. 

ICRAF researchers began a trial in 1989 to 
evaluate the effects of one-. two- and three-year 
fallov.s with six leguminous species singly and 
in vaious combinations. These were the shrubs 
Ca/anuA. c(lan. (rotalaria anagyroide.., 
I)(.Anrndium di. ohir andlDe. nrndiu jtntuntiu, 
and the herbaceous legumes Aimura itiliand 

Pturaria sp. Results were compared with those 
front a natural fallows that established itself on 
the trial site. previously used for pineapple pro-
duction. 

The pueraria and tlie natural fallow gave the 
highest yields of leafy biornass one and two 
'ears after planting. Total biornass. including 

the woody component, was highest for crota-
laria and desnlodiun after tihe first year and for 
pigeonpea and a mixture of the four shrub spe-
cies after the second. These measurements do 
not include litter fall. 

After tile 	 wasfallows, all woody biomass 
rerioved and all !caf'biomass was incorporated 
into the soil Maize and groundnut intrplanmted 
after a one-year planted fallow gave consider-
ably higher yields than the same crop mixture 
after a natural fallow, but differences between 
fallow species were not significant. Sole maize 
planted after two-year improved fallows was 
also much more productive than maize yields 
after a natural fallow of sametile duration 
(Table 33). The highest grain yields were asso-
ciated with pueraria, pigeoripea. pueraria plus 
mucuna. and pigeonpea plus crotalaria plus the 
two desmodium species. 

Traditionally, fallow residues are either burned 
or removed during land preparation. Another 
study at YaouIdI& compared four approache; for 
managing pigeonpea fallow residues: burning, 
incorporating fallow material into the soil 
(green manuring), mulching or renoving tile 
residues. 

Maize yields were highest with green manur
ing, while groundnut yields were highest when 
resiJues were burnt (Table 34). This can be 
explained by the fact that maize demands high 
nitrogen levels, made available by incorporat
ing green manure but lost by burning. By con
trast. groundnut is nitrogen fixing but benefits 
fron the minerals made availble by burning. 

Another experiment was initiated in 1990 to 
compare different options for the introduction 
of multipurpose-tree fallows into the cropping 
cycle. These are: 
• Maize,cassava and pigeonpea are all planted 

at the beginning of the first cropping s,,ason. 
Maize is harvested after one season, while 
c.,ssava and pigeonpea remain through the 
second season. At the end of the year, tile 
cassava is harvested. pigeonpea is cuttile 
back and prunings applied as mulch.and the 
cycle begins again. 

• Maize and cassava are planted at the begin
ning of the first cropping season. After one 
season the maize is harvested, the cassava is 
pruned, and pigeonpea is planted. At the end 
of the year. the cassava is harvested, the 
pigeonpea iscut back and prunings applied as 
mulch, and the cycle begins again. 

* 	 Pigeonpea isgrown in pure stand for one year, 
cut back, the prunings applied as mulch, and 



maize is grown with cassava the following 
year. The two years are repeated in rotation, 
resulting in aone-year fallow system. 
These alternatives are compared with the 

traditional cycle ofimaize and cassava intercrop-
ping. On some con!' plots, the cassava is 
pruned at tileend ,.1iie firstcropping season. 
while on others it is not. 

Pigeonpea interplanted with maize and cas-
sa,'va produced 17.5 t/ha (dry wt of Ileafy hio-
mass, ,while pigeonpea planted atter the maize 
harvest produced 16.6 t/ha. A expected, the 
highest leafy biomass production (30.2 t/ha) 
was from sole pigeonpea planted as a one-year 
lall',, 


lii the first year. the best cassava tuber yields 
were obtained under the traditional system, 
%ithout pruning or introducing pigeonpea 

(lable 35). In fact, pruning reduced cassava 
ther yields by inore tih an 3( 'i . The introduction 
of tileconlpet tive. fist-gro"wing shrubs at tie 
heginning of rie cropping cycle reduced cas-
saVa yields by nearly 7514 and suppressed 
nearly all th, maize. In the following season, 
maize grain yield, responded favourably to 
pigeonpca, either interplanted or as a one-year 
fallow. 

Hedgerow intercropping 

i ledgerow iner,:ropping. also known as alley 
farming, has long been proposed as an 

agroforestry system that can contribute to soil 
fertility under approprite site conditions and 
with high management and labour inputs. 
ICRAF's hedgerow-intercropping work con
centrates in the subhumid tropics ofEastern and 
Southern Africa and in the humid region of 
West Africa, as shown in Table 36. 

Research focuses on the evaluation of alter
native hedgerow species and provenances, on 
hedgerow management, and on the impact of 
hedgerows on the intercrop, usually maize. The 
effecls of hedgerow intercropping are evaluated 
in terms of hedge biomass production, changes 
in soil-nutrient status, the perfonnance of the 
intercrop. and the impact on subsequent crop 
responses te fertilizer. 

The principal species under evaluation are 
L.e'a'1a l'u'ocephala. (alliand'ha (alo
hr. .s, (;liri idia C'as.ia siani'a,v .eliaium. 

t/eminqia < mt' e sta. Se hani~t .e./han and 
( ,janu. cajan. Different provenicesof'glirici
dia. sesbania, cassia ind leucaena are also being 
compared. 

Management lactors include tree establish
ment techniques, spacing between hedgerows. 
plant spacing within hedgerows, the timing and 
frequency of pruning, and tiletiming and 
method of mulch application to crops. Some 
studie:, also involve ilivestock conponerit: the 
direct use of hedgerow prunings as mulch is 
compared with the impact of feeding prunings 
to goats or dairy cattle and returning the manure 
to the intercrop. 

Table 35. Cassava tuber yields and maize grain yields in the first and second year of intercropping 
with pigeonpea, Yaounde, Cameroon. 

Planting Pattern 

Maize, cassava and pigeonpea 
planted in first season 

Maize and cassava planted in first 
season, pigeonpea in second 

Sole pigeonpea in first year, 
maize and cassava in second 

Maize and unpruned cassava 
Maize and pruned cassava 

SED 

Maize Yield 
in 1990 (tlha) 

0.83 

0.97 

-

1 '16 
0.91 

0.05 

Cassava Yield Maize Yield 
in 1990 (tha) in 1991 (t/ha) 

2.6 1.02 

6.5 1.50 

- 1.85 

10.2 0.75 
7.1 0.80 

0.8 0.08 
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An improved-fallow trial at Chipata, Zambia. In the foreground is a natural grass fallow.
 
Behind it is a maize plot previously under an improved fallow, and at the back
 

is an improved fallow of one-year-old Sesbania sesban.
 



Site Year Initiated Experimental Factors 

Chalimbana, Zambia 1987 
Tabora, Tanzania 1987 
Yaound6, Cameroon 1987 
Maseno,Kenya 1988 
Maseno, Kenya 1988 
Maseno, Kenya 1988 
Rwerere, Rwanda 1988 
Mashitsi, Burundi 1988 
Mashitsi, Burundi 1988 
Chipata, Zambia 1988 
Yaound6, Cameroon 1988 
Ebolowa, Cameroon 1988 
Machakos, Kenya 1989 
Chalimbana, Zambia 1989 
Makoka, Malawi 1990 
Domboshawa, Zimbabwe 1990 
Makoholi, Zimbabwe 1990 
Cinzana, Mali 1991 
Nioro, Senegal 1991 

Tree speies, fertilizer level, tree management
Tree management, cropping systems
Tree species 
Tree species 
Cropping systems, fertilizer level 
Hedge architecture 
Tree species
Tree species 
Cropping systems, fertilizer level 
Tree species, tree management, fertilizer level 
Tree species, fertilizer level 
Tree species, tree management 
Systems comparison 
Hedge architecture, mulch management 
Tree species
Mulch management 
Mulch management 
Tree species, fertilizer level 
Tree species 

Table 36. ICRAF's major hedgerow-intercropping trials in 1991. 

tHedgerow-intercropping research in West 
Africa concentrates on Leucatae h'um 'wephala, 
Gliricidia sepium. Calliandidacaloihvrsus and 
Acacia iulifinmis. In addition to standard 
liedgerow-inteicropping systems, one experi-
ment in Cameroon assesses a rotational system 
inwhich hedgerows are intercropped with 
waize or groundnut for two years and left as 
tallow for two years. During the tallow period, 
sheep are allowed to browse the hedgerows and 
their manure is returned to the plot. 

If hedgerow inlercropping is to contribute 
substantially to soil fertility, it requires large 
biomass produc,:in trom hedgerows. In dry 
areas, this leads inevitably to competition be-
tweenihedges and crops for water. Thus, hedge-
row intercropping is unlikely to be widely 
successlul in arid or seni-arid environments. 
However, a few trials have been initiated in 
West Africa's semi-arid zone. This are inprog-
ress at early stages at sites of relatively high 
rainfall in Mali and Senegal. 

Hedgerow-intercropping trials inthe semi-
arid tropics include Leucaena h't,'ocephala, 
Gliricidia sepium. Cassia siamnea. Alhizia 
Ihbhck and Moringa oeifrra.The intercrop in 
this region is millet. 

Results trom on-station and on-farm hedge
row-i tite rcroppi ng trials it Chipata and 
Machakos are reported here. 

Hedgerow intercropping 
in the subhumid zone 
Results are now available from three years of 
hedgerow intercropping at Chipata combining 
maize with Fl'nlingia uingesta, Cassia sianea 
or Leucena let'cephla. 

The hedgerows were cut twice a year, at the 
beginning and end o the growing season, and 
all prunings were applied to the maize grown in 
the alleys. Two cutting heights were tested: 50 
and 100 cm. Fertilizer was appliud to hall the 
plots at the full reconenicrided rate of 112 kg 
N/ha. 

The cassii L;deerows consis'ently produced 
the most biomass, but there were no significant 
differences in maize yie!ds aiiong hedgerow 
species or cutting heights. Maize grain yields 
are presented in Table 37 as averages for the two 
cutting heights. These show no clear trends over 
the three-year period. Ingeneral, there was little 
difference inyields between hedgerow systems 
and controls apart from a consistent and sub
stantial response to fertilizer application. 



Hedgerow Species 

Leucaena leucocephala 

Cassia siamea 

Flemingia congesta 

Control (no hedgerow) 

SED 
Rainfall (mm) 

Nitrogen Fertilizer 
(kg/ha) 

0 
112 

0 
112 

0 
112 

0 
112 

Maize Grain Yields (t/ha)
 
1989 1990 1991
 

2.5 2.0 2.0 
5.9 4.7 5.3 
1.6 2.5 2.7 
5.0 5.6 5.5 
2.1 2.2 1.5 
6.5 5.3 5.1 
2.8 2.4 1.9 
6.6 5.3 6.4 

0.30 0.42 0.64 
1130 795 707 

Table 37. Maize grain yields over three seasons from a hedgerow-intercropping trial with three tree
 
species and two levels of nitrogen fertilizer, Chipata, Zambia. Yields are averages of plots
 

in which hedgerows were cut at 50 and 100 cm above ground.
 

1the stron,, response to nitrogen in fertil-
izer--hut not to nitrogen in mulch-suggests 
the importance olcompetition between hedge-
rows and crops for water. This is further 
illustrated by comparison of yields from crop 
rows next to the hedgerows and in the middle of 
the alleys. I-or all tree species and cutting 
heights, yields were severely depressed in 
maize ro%, s next to the hedgerows. 

In 1991, yields from the maize rows next to 
l'lemingia hedgerows were 2314 to 441/ of 
yields from ros in tie middle of tie alleys. The 
comparable range for maize yields next to 
leucaena hedgerows was 5214 to 5W4,,and for 
maize next to cassia it was 8214 to 87 /. The 
differences in maize yieIds that appear to be 
developing between hedgerow species require 
monitoring over lite. These results underline 
the need for long-term studies on nutrien; dy-
nainics and tree/crop interactions in such sys-
terms. 
The potenial of hedgerow intercropping for 
sustained production has been demonstrated in 
the humid and sthhumnid tropics, but its polten-
tial io the semi-arid tropics is not well estab-
lished. In this environment, the tree component 
may compete with annual crops for railrnois-
ture, causing substantial reductions in crop 
yields. However. conlour-aligned hedgerows 
on sloping land may reduce runoff and soil 
rosion, indirectly contributing to soil moisture 

and fertility. 

In addition, the establishment and inainte
nance of hedgerows is labour intensive and it is 
important to assess whether hedgerow inier
cropping is feasible and cost effective for a !:in 
household. A system that produces hedgerow 
prunings for livestock fodder may be more at
tractive to farmers than a sys:em in which prun
ings are returned to the soil. 

A trial was initiated at ICRAF's Machakos 
Research Station in 1989 to test four land-use 
systems on plots of 300 to 500 sq in-large 
enough to allow the evaluation of labour re
quircinents and economic impact. The station is 
at the dry edge of Kenya's subhumid zone, 
approaching seni-arid conditions. The systems 
tested are based on hedgerow intercropping 
with Levtaena leuvocetphala. These are con
pared with system; based on annual crops only. 
with and without moderate levels of fertilizer 
(40 kg N/ha and 17 kg P/ha per season). In one 
of the hedgerow-intercropping systems, the 
prunings are incorporated into the soil or used 
as mulch for soil-fertility improvement. and in 
tile are fed to oxen, along with cropother they 
residues, and the manure is returned to the soil. 

Researchers planted abean crop between the 
hedgerows during the first season, from No
veinber 1989 to March 1990, to minirnize corn
petition with the young tree seedlings. Since 
then, three maize, crops have been grown
from April to July 1990, from October 1990 to 
February 1991, and from April to July 1991. 



The hedgerows were pruned twice (luring the 
1990- 1991 growing season and three times dur-
ing the season from April to July 1991. On the 
plots testing hedgerow intercropping with green
manuring and mulching, an average of (.94 t/ha
(dry wt) of tree leaf biomass was applied to the 
maize crop (luring the first season and 1.58 t/ha 
during the second. On tie plots testing hedge-
row intercropping wilh nanuring, an average of 
1.74 t/ha (dry wt) oif manure was applied to the 
niaize crop during tile first season and 1.50 I/ha 
during the second. 

Yields fron the first bean crop were uniform 
across all four treatments, suggesting that an 
I I(; are lost to leucacna did not reduce yields
signific.intly at the early stage of hedgerow es-
tablislinment. In the next season, rainfall was 
above average (620 mn0ncompared with ia nor
meal level of 351) n1n) and the young hedgerows 
were allowed to grow on without pruning. 
Maize yields ill tile two hedgerow-intercrop-
ping systeni were similar, and both were sig-
nificantly lower than yields fron sole maize 
(Table 38). This was undotbtelly due to con-
petition for water and light fron the leucaena, 
which had grown imore than 2 in by the end of 
the season. The fertilized maize yielded 31(4 
higher than tile unfertilized crop, indicating a 
good response to increased soil nutrients ii a 
season of above-nonnal rainfalll. 

Rainfall ill the two subsequent se'isons was 
less than nornial. Under conditions of rioisture 
stress, the maize crops showed signs of severe 
competition for water f'roni file well-established 

leucaena hedgerows-yields were 30% to 45% 
lower than in sole cropping. 

These results show clearly that competition 
for water outweighed any benelits of nutrients 
added through leucaena leaf biomat;:; or manure. 
On sole maize plots the response to fertilizer 
was also limited, confirming that moisture was 
the factor limiting crop growth during these two 
seasons. 

Long-term evaluation will inc:ude the extra 
labour required to nanage a hedgero,,-inter
cropping system and the economic va:lue of 
extra outputs, such as wood, lodder and the 
resulting draught power fron oxen. lIfornation 
is also being collected on weed populations and 
long-term changes in soil nutrient status. 

Scattered trees in cropland 
Multipurpose trees left to grow freely in crop
land offer some protection fron sun and wind
and add plant nutrients to the soil through natu
ral litter fall. Such a system is less labour intcn
sive than hedgerow intercropping and does not 
take land out of production (Iuring a fallow 
period. Surveys of traditional systems iii the 
subhumid zone of Southern Africa focus on tree 
spacing, nianigemenit practices aind the use of' 
tree products. 

Researchers at Chipata are also investigating 
improvements oi the traditional system. Work 
focuses on Faidh/erhiaalhida and Gliricidia 
sepiuln scattered in croplanl where maize and 

Table 38. Biomass production from Leucaena leucocephala hedgerows and maize 
grain yields at Machakos, Kenya. 

Hedge Biomass (t/ha) 
Oct 1990- Apr-Jul
Feb 1991 1991 

Maize Grain (tlha)
Apr-Jul Oct 1990- Apr-Jul

1990 Feb 1991 1991 
Hedgerow intercropping +mulch 
Hedgerow intercropping +manure 
Sole maize no fertilizer 
Sole maize + fertilizer 

0.94 
0.96 
-
-

1.58 
1.51 
-
-

1.73 
1.64 
2.58 
3.39 

1.66 
1.39 
1.90 
2.48 

0.92 
0.87 
1.40 
1.89 

(40 kg N + 17 kg P/ha) 

SED 
Rainfall (mm) 

0.119 0.149 0.120 
620 

0.184 
333 

0.156 
214 



beans are grown in rotation. Tree growth and 
productivity are monitored, including the pro-
duction of fodder and fuelwood from side 
branches that are lopped. Leaf fall is analysed 
to determine the amount and nutrient content of 
organic material added to the soil. 

In one experiment initiated at the end of 
1988, researchers planted faidherbia seedlings 

at spacings ranging from 2 x 2 to 5 x 5 in. During 
the 1991 cropping season, maize was inter-
planted under the three-year-old trees with ni
trogen and phosphorus fertilizer applied at the 
full recommended rate. 

The trees, which averaged 2.5 m in height, 
had anegative effect on maize yields. This was 
most pronounced at higher tree densities (Table 
39). The experiment will be continued in 1992. 
but fertilizer application will be discontinued. 

Similar studies have recently been initiated 
at Saria and Gons , two semi-arid sites in 
Burkina Faso. Here, researchers are evaluating 
Faidlu'rhia alhida, Prosopisafr-icana and A/-
hizia lebbeck growing in millet fields at differ-
ent densities. 

Fodder productioninerosion-control systems 


One clear sign of population pressure in rural 
areas of the tiopics is the increased cultivation 
of sloping land. The result is frequently soil 
erosion. Agroforestry ,an help control soil ero-
sion in two wavs. Trees may be added as a 
suppiement to conventional erosion-control 
structures-such isbanks, ditches, contour 
grass strips or terrces-to add stability and to 
make more productive use of the land. When 
planted densely in home gardens or in strips 
along contours, trees can also help control soil 
erosion on their own. 

ICRAF researchers are studying the role of 
multipurpose trees planted on contour bunds or 
grass strips at four sites in Eastern and Central 
Attica (Table 40). Related studies at ICRAF's 
Machakos Research Station are reported under 
Programme Three. In addition to erosion con-
trol, fodder production is a major function of 
contour planting at many sites. In some cases, 
different types of tree are added to increase the 
overall productivity of the planting, such as 

Tree Density Maize Grain 
Tree Spacing (trees/ha) Yields (t/ha) 

2 x 2 m 2500 3.68 
3x3m 1111 4.05 
5 x 5 m 400 4.485 x 5 m 400 4.48 
Control 0 5.50 

SED 0.36 

Table 39. Maize grain yields under 
three-year-old Faidherbia albida planted 
at different densities at Chipata, Zambia. 

Grevillea rohusta for poles and fuelwood or 
Carica papaya and other fruit species. 

Several grass species are being evaluated on 
contour strips. These include Pennt;etun 
purpureum, Tripsocun laxuini, Setaria 
sphacelata var. ,ph'ndid and A':dropogon 
gayanus. In addition t,-monitoring the overall 
productivity of tree/gra,;s combinations, trials 
also focus on the impact of contour plantings on 
adjacent crops. 
Matching fodder production 
with nutritional requirements 

Farmers in the highlands of Rwanda frequently 
plant contour strips on sloping fields to provide 
livestock fodder and to prevent soil erosion. 
Traditionally they plant double ro,, of one of 
the fodder grasses Penniscumn purpur'um or 
Setia Suhacelata var. splendida. ICRAF and 
i.ational colleagues started a trial in 1988 at 
Rwerere to compare Calliamh-a calothivrsu 
and Seshania seshan planted on contour bunds 
in various conibinations with the two grass spe
cies. The objectives were to determine the fod
der yields of the grass and muhipurpose trees 
and to assess the effect of different combina
tions on adjacent wheat and bean crops. 

The trial was established on a nill.ide facing 
north at a slope of 45%,. Plots consi,:ed of two 
rows planted along the contour 50 cm apart, 
with trees and grass spaced within rows at 25
cm intervals and crops on eithcr side. One spe
cies was planted in both rows or oi'.e row of trees 
was combined with one row of grass. At kiast 5 
m was left between plots. Beginning six months 



after planting, the trees and grass were cul reg-
ularly-averaging three times a year-and total 
biomass and protein content assessed, 

Survival rates for tie calliandi:. were excel-
lent, with more than 90c/ of the trees growing
well in April 1991, three years after establish-
ment. As in other trials at Maseno, Kenya. the 
sesbania was initially twice as productive as the 
calliandra, but "his species began dying about 
two vcars afte. establi:;hment. By April 1991, 

irttallv all the sesbania wcie dead, casting
doubt on the suitability of the species for this 
agroforestry tcchnology. 

Table 4 i shows the biomass and crude pro-
trin production obtained from cuttings over the 
three-year period. The greatest biomass was 
obtained from double rows of pennisetum, fol-
lowed by pcnnisetum combined with sesbania 
or calliandra. Double rows of s-taria were also 
shdihtly more productive than single rows of this 
species combined with trees. 

Che interaction between trees and grass was 
evaluated by calculating the land-equivalent 
ralio (LER). This is the length of bund planted 
to ,cparate stands of pure trees and pure grass
that would be required to produce the same 
biornass as I in of the mixture. In each case, the 
LER wuis greater than 1. indicating positive
interactions between the trees and grass. 

3ec,.use biomnass from contour strips is used 
primarilN as livestock , the percentage of 
crude protein is an important indication of pro-
ductivitV. Leafy biomass from the two tree spe-
cies was considerably higher in crude protein
than bioniass from the grasses. For calliandra,
crude protein averaged 23" of biomass (ry 
wtj, while for sesbania the average was I ., '. 
For sctaria and pennisetum, the averages were 

well under I%. For both tree species, crude 
protein content wats not altered by the presence 
of grass. 

The first bean crop was harvested from 7 x 
4-m plots on either side of the contour strips 10 
months after the trees were planted. Six months 
later, the first wheat crop was havested. A 
second wheat crop was harvested 22 months 
after planting the trees, and a second bean crop 
was harvested six months later. Overall, the best 
harvests were recorded in association with 
calliandra and setaria, either together or sepa
rately in pure stands. Sesbania and pennisetum,
with their higher biomass production, tended to 
have a stronger inhibitory effect on adjacent 
crop production. 

ISAR has estimated the dry-matter and 
crude-protein requirements of the two main 
types of cattle kept in the Rwerere area-the 
local Ankole and improved crossbreds of An
kole with Jersey or Sahiwal. For the Ankole.
with relatively high dry-matter ;1nd low protein

requirements, double rows of penniseturn ap
pe., to provide the best fodder. About 398 i of
 
:ontour strip under pennisetumn would support
 
one aninal. An improved crossbred, producing
 
8 litres or more of milk a day, requires a higher

proportion of crude protein. The pennisetum
and calliandra mixture has ahigtter protein con
teni than needed, so tile requirements of the cow 
are best met with some of this mixture plus some 
pure pennisetum. 

However, otber systems come to the fore 
when the crop losses associatJ with dil 'erent 
tree and grass combinations are taken int, ac
count. With the local breed, the best system
would be double rows ofsetaria. With improved
cattle, a combination of double rows of setaria 

Table 40. ICRA F's major experiments on fodder production from contour bunds in 1991. 

Site Year Established 

Maseno, Kenya 1988 
Rwerere, Rwanda 1988 
Karuzi, Burundi 1988 
Karuz,, Burundi 1989 
Kachwekano, Uganda 1989 
Maseno, Kenya 1990 

Experimental Factors 

Tree species, with and without grass
Tree species, grass species
Establishment 
Tree species, grass species
Tree and grass mixtures 
Tree management, with and without grass 



Land- Crude 
Biomass Equ..alent Protein 

Species Combination (kg/m dry wt) Ra;lo (LEr, (0 ) 

Pennisetum + pennisetum 
Setaria + setaria 
Calliandra + calliandra 
Sesbania + sesbania 
Sesbania + pennisetum 
Calliandra + pennisetum 
Sesbania + setaria 
Calliandra + setaria 

17.3 - 7 
5.2 - 8 
3.6 -- 23 
3.1 - 18 

10.2 1.26 9 
9.9 1.10 11 
5.8 1.41 12 
5.7 1.30 15 

Bean Wheat 
Production Production 

(kg/plot dry wt) (kg/plot dry wt) 

1.4 1.1 
1.8 3.0 
1.6 2.5 
0.7 1.9 
0.8 1.6 
1.4 1.8 
1.1 2.1 
1.6 2.8 

Table 41 Total biomass, land-equivalent ratio, crude protein and production of associated crops
 
over 36 months with tree and grass species planted in double rows on contour bunds
 

at Rwerere, Rwanda. The plot size was 28 m :q.
 

plus single rows of1calliandra with setaria would 
be best. 

These results denionstrate an inverse rela-
tionship btween hionlass production of 
tree/grass strips on contour bunds and the pro-
ductivity of adjacent crops. A similar pattern 
was reported in 1990 at Maseno. Clearly, the 
best ,;election of tree and grass species in any 
situation depends on the relative importance of 
crop and fodder production and on the nutri-
tional requiremenis of the livestock. 

Planting sequence and spacing 
A\ parallel trial was established in 1988 at 
Karu/i. Burundi, comparing the survival and 
growth of calliandra and pennisetum planted 
together in different sequences arid at different 
spacings. Beginning in late 1988,the trees were 
planted three nltths before the grass, Oiree 
months after the grass or at the same time. Early 
planting, without competition from the grass. 
gave t0: trees a head start, but the effect was not 
lasting. Leafy biomass yields were highest from 
trees planted before grass in 1989 and 1990, but 
not in1991. In all three years, biomass yields 
were slightly lower for trees planted after the 
grass. 

Peniisetum planted three months before the 
trees had the highest biornass yields in 1989, but 
by 1990 and 1991 differences ingrass yields 
were riot significant. Combined yields of trees 
and grass were riot affected by the time of plant-
iag. Based on these findings, researchets con- 

ducting further experiments have planted 
calliandra and pennisetun at the same time. 

In the same experiment, calliandra was also 
planted at three different spacings-25, 50 and 
100 cm. Tree survival rates have generally beer, 
higl, but somewhat lower for those planted at 
25 cm. By 1991, imortality among trees planted 
at this spacing was 17%, compared to 71/ for 
trees at the other spacings. However, total pro
duction of leafy biomass was higher for trees 
planted at intervals of 25 and 50 cn than at 100 
cim. 

Grass production was not significantly af
feCILd by the spacing of the trees until 1991, 
when the trees were larger and grass yields were 
highest with trees at the widest spacing. Total 
biomass production from trees and crops has not 
been influen, .Jiby tree spacing but, over time, 
the proportion of tree biornass has increased. 

Yields of maize and bean crops planted ad
jacent to the contour bunds have not been af
fected by the timing of grass and tree planting 
orthe spacing of the trees. As in othertrials, crop 
yields were lowest Irom rows next to the bunds. 

Cutting heights 
Researchers established an experiment at 
Maseno in 1990 examining the effect of cutting 
height on Calliandra caloth'rsu.s and Pen
niseul pururetn'grown in double rows on 
contours. The trees were spaced at 25 cni inter
vals within rows, with 50 cm between rows. 
Trees and grass were cut together every two 



Tree Biomass (kg/m dry wt) Land-Equivalent 

Soecles Cutting Heig" Grass Trees Ratio (LER) 

Pennisetum + penrsetum 4.4 

Ca!liandra + calliandra 10cm - 4.1 
50 cm - 4.2 

130 cm - 4.5 -

Pennisetum + calliandra 10 cm 3.9 2.0 1.37 
50 cm 2.7 2.2 1.17 

130crr, 1.9 2.6 1.01 

Table 42. Leafy biomass (kg/m) from four cuttings of Calliandra calothyrsus and Pennisetum 
purpureum planted in double rows on contour strips alone and in (ombination, Maseno, Kenya. 

months. The trees were cAt at 10, 50 and 130cm 
above ground, while the grass was cut at ground 
level. Table 42 shows fresh leafy biomass pro-
dLuctio0 from four ct1ings in 1991. 

As .1 Rwerere, there was a positive interac
tion between the trees and the grass. Each spe-
cies generally produced more from asingle row 
combined with a row of the other species than 
from a single row combined with another row 
:)f the same species, 

As would be expected, this general observa-
tion was strongly influenced by the height at 
which the trees were cut. Increasing the cutting 
height of the calliandra favoured the growth of 
the trees at the expense of the grass, while 
reducing the cutting height increased biomass 
production from the grass but reduced produc-

lion from the trees. Tile LER, measuring the 
extent of interaction, was most positive at the 
lowest cutting height. 

Fodder banks 

In many areas of the subhumid and semi-arid 
tropics, livestock production is seriously con
strained by the limited amount and poor quality
of animal fodder during the dry season. Draught 
animals are often particularly weak at the end of 
the dry season when they are required for 
ploughing. In these regions, fodder banks of 
high-quality feed can play an important role in 
supplementing crop residues and other sources 
of dry-season grazing. 

Table 43. Biomass production from six months'coppice regrowth of Leucaena leucocephala 

Spacing 

0.5 x 0.5 m 

1.0 x 1.0 m 

2.0 x 2.0 m 

SED 

fodder banks at Chipata, Zambia. 

Biomass Production (t/ha dry wt)
Cutting Height 

50cm 
100cm 
50cm 

100cm 
50 cm 

100 cm 

Foliage Wood 

1.00 2.54 
1.50 1.96 
0.67 1.46 
1.24 1.76 
0.66 1.02 
0.84 i.46 

0.26 0.50 



Site YeaL Initiated 

Kabanyolo, Uganda 1988 
Kabanyolo, Uganda 1989 
Kachwekano, Uganda 1989 
Kabanyolo, Uganda 1989 

Kachwekano, Uganda 1989 

Kachwekano, Uganda 1990 
Bushenyi, Uganda 1990 
Namulonge, Uganda 1990 
Kalengyere, Uganda 1990 
Kabanyolo, Uganda 1990 
Mashitsi Burundi 1990 
Mashitsi, Burundi 1990 

Experimental Factors 

Tree species
Tree species
Tree species
Management of upperstorey/understorey
combinations 

Management of upperstorey/understorey
combinations 

Tree species
Tree species
Tree species
Tree species
Management of upperstorey trees inbanana plots
Tree species inbanana plots
Management of upperstorey trees inbanana plots 

Table 44. ICRAF's major upperstorey-tree studies n 1991. 

ICRAF is assessing the potential of fodder 
batks in the subhumid tropics at Chipata, 
Tabora (Tanzania) and Mashitsi (Burundi), and 
in the semi-arid tropics of West Africa. In the 
subhumid zone, the principal multipurpose-tree 
species under evaluation are Calliandra 
calothvrsus, Leticaena hucocephala,Leucaena 
diversilolia,Seshania seshan, Gliricidia sepium 
and Cajanus cajun. Fodder banks consist of 
trees alone or in combination with grasses such 
as Pennisetum purpureun, Andropogon gava-
nus andTripsacum hlaxuru. 

Management factors include timing and 
method of establishing trees and grass, spacing, 
and the timing and height of cutting. Fodder 
quality is evaluated by laboratory analysis and 
by assessing the milk production of dairy cattle 
and liveweight ga:n of goats with supplementa-
tion. Studies of traditional fodder production 
and conservation systems will also be initiated. 

Inthe semi-arid tropics of West Africa, sim-
ilar studies are in progress at Faya, Mali. Herc 
work concentrates oin Pterocarpuserinac('us, 
Pteroc(arpus h'ens, luca'na h'ucocephala 
and Gliricidia sepium. 

Rese:irchers at Chipata established fodder 
banks of Leucaena h'u'ocephalt in December 
1988. The trees are spaced at 2.0 x 2.0, 1.0 x 1.0 
and0.5 x0.5 mon plots of 10x lOi. They were 
first harvested in January 1990 by cutting at 
heights of 50 and 100 cm. They were cut again 

in January and Juaie 1991, and the coppice re
growth was measured for the six-month period. 

Since the beginning of the experiment, indi
vidual trees have survived and grown best at the 
widest spacing, as expected, but trees planted at 
the closest spacing produced the most total leafy 
and woody biomass per unit of land (Table 43). 
Productivity will be monitored for at least two 
more years, with emphasis on leafy biomass 
produced during the dry season when shortages 
of livestock fodder are most acute. 

Upperstorey trees on field 
bunds and boundaries 

Many cropping systems of the tropics could 
potentially be diversified by the introduction of 
upperstorey trees as sources of timber, poles, 
fuelwood and fodder. Upperstorey trees may 
help prevent soil erosion and protect adjacent 
crops from wind or sun. On the other hand, they 
may compete for light, water and soil nutrients. 
Maximizing the benefits, while minimizing 
competition, requires careful selection of tree 
species, spacing and management. 

Studies on upperstorey trees are in progress 
at subhumid sites in Uganda and Burundi (Table 
44). In Uganda, 24 species are being screened 
at five stes. Related trials at two sites examine 
the management of the upperstorey species in
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ICRAF is testing different tree and grass species to help control soil erosion on steeply 
sloping fields in Rwanda. 



Root Collar Crown Stem 
Height Diameter Diameter Volume 

Species Provenance (m) (cm) (cm) Index 

Grevillea robusta Namanjala 4.15 9.0 2.44 28
 
Alnus acuninata Guatemala 3.85 8.6 2.48 28
 
Casuarina cunninghamiana Kibule 4.06 5.7 1.57 12
 
Casuarina cunninghamiana Huhande 3.72 5.2 1.39 10
 
Cupressus lusitanica Dapaja 3.16 6.0 2.24 10
 
Alnus nepalensis Nepal 2.34 4.9 1.87 5
 
Casuarina equisetifolia Gede 1.49 2.4 0.79 <1
 
Markhamia lutea Kabale 1.30 3.6 0.66 2
 
Erythrina abyssinica Nandi 0.55 2.3 0.65 <1
 

SED 0.41 0.9 0.17 5.5 

Table 45. Growth performance ofeight upperstorey trees 21 months afterplanting at Kachwekano, 
Uganda (altitude 2000 m). Stem volume index is an estimate of wood production based on the 

assumption that stems are cylindrical. 

terplanted on contour bunds with fodder trees crops planted on either side. Survival has been 
and grass. At Kabanyolo (Uganda) and at high-better than 85%-f1or all species except
Mashitsi, researchers are evaluating up- Cordiaahvssinica at the Bushenyi site. Tables 
perstorey species and planting densities in con- 45. 46 and 47 give the growth performance of 
bination with understorey trees in banana plots. 15 species in the longer-established trials-one 

at Kachwekano and two at Kabanyolo.
Species screening Grevilh'a robustaand Alnus acuntinata grew
Research on upperstorey trees in Uganda in- best at Kachwekano, at an altitude of 2000 m,
cludes eight species-screening trials at different while Casuarina equisetijolia. Markhamia 
altitudes. All trials consist of single rows of trees luitea and Ervthrina ahvssinica had the poorest
spaced at 2-m intervals along the contours, with performance. At the lower altitude ( 1250 in) of 

Table 46. Growth performance of seven upperstorey trees 26 months after planting 
at Kabanyolo, Uganda (altitude 1250 m). Stem volume index is an estimate of wood 

production based on the assumpti.,n that stems are cylindrical. 

Root Collar Crown Stem 
Height Diameter Diameter Volume

Species Provenance (m) (cm) (cm) Index 

Melia azedarach Embu 7.93 19.8 3.16 246
 
Cordia abyssinica Meru 3.73 15.2 3.67 71
 
Maesopsis emini Wundaji 4.10 11.8 3.55 48
 
Maesopsis emini Kakamega 4.00 11.5 3.31 4
 
Markhamia lutea Osoronga 4.68 9.2 1.68 33
 
Casuarina equisetifolia Gede 5.33 6.9 1.97 22
 
Cupressus lusitanica Dapaja 3.14 6.7 2.17 12
 
Alnus acuminata Guatemala 2.82 4.4 1.58 5
 

SED of means 0.32 1.9 0.20 9.9 



Root Collar Crown Stem 
Height Diameter Diameter Volume 

Species Provenance (m) (cm) (cm) Index 

Cassia siamea India 5.15 11.4 4.17 54 
Jacaranda mimosifolia India 4.81 10.1 1.53 40 
Grevillea robusta India 4.03 10.0 2.76 34 
Grevillea robusta Kenya 3.74 9.4 2.72 28 
Erythrina abyssinica India 4.50 7.9 2.42 24 
Maesopsis eminii Mabira 3.11 9.2 3.44 23 
Casuarina equisetifolia India 3.81 5.7 2.65 10 
Alnus nepalensis Nepal 1.17 5.6 1.84 6 
Cupressus sempervirens India 0.74 1.4 0.21 

SED 0.37 0.6 0.22 6.2 

Table 41 Growth performance of eight upperstorey trees 19 months after planting 
at Kabanyolo, Uganda (altitude 1250 m).Stem volume index is an estimate of wood 

production based on the assumption that stems are cylindrical. 

Kabanyolo, Melia azedarach. Cassi siamCa purpurwm. Interplanting with understorey spe
and Jacaranda mimosiftlia showed the best cies is particularly important on sloping land 
growth performance, while the two cypresses where dense plantings on the contour may help 
and the two alnus species grew least well. control soil erosion and runoff and add stability 

In the first trial at Kabanyolo, maize was to terrace structures. Other potential benefits 
planted under upperstorey trees in both crop- include the production of fuclwood, fodder, 
ping seasons of 1990. Maize yields from rows mulch and stakes for climbing beans. 
at different distances from the trees are shown The objectives of current management trials 
in Figure 13. Tree species ranged from those are to determine: 
having little or no effect on the crop (alnus and • The production potential of upperstorey trees 
nmarkhamia) to those causing severe reductions planted at spacings of I,3 and 5 in in combi
in crop yield (maesopsis). nation with understorey species 

In the first season, the cordia depressed crop * The interactions between upperstorey trees 
yields by as much as 7517 as far as 3 in away and understorey species 
from the trees. They were then pruncd and in the • The effects of upperstorey/understorey cum
second season maize yields were only affected binations on adjacent food crops. 
up to about 1.5 n from the trees. At Casuarina was planted at Kabanyolo at the 
Kachwekano, beans were planted under the end of 1988, and grevillea was planted at 
trees in early 1991. Bean growth was generally Kabanyolo and at Kachwekano in the middle of 
poor on the infertile, acid soils at this site, with 1989. The understorey species were inter
yields generally lower from rows nearest the planted at the same time. Associated crops have 
trees. included maize, beans and sorghum. 

In all three experiments, survival of up-
Management trials perstorey trees ha:; been excellent. There have 
Management trials at Kabanyolo and been no significant differences in height 
Kachwekano evaluate combinations of two growth, but root-collar and stem diameters have 
well-known upperstorey trees, Grevillea generally been smaller in uppeiStorey tices 
rohista and Casuarina equisetifidia, with the grown with understorey than in treese,pcctes 

smaller multipurpose tree Callianha grown alone. At Kachwekano, leafy and woody 
calhhrsus and the fodder grass Pennisetwn biomass obtained from side-pruning grevillea 
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Figure 13. Total maize yield from two harvests, in August and December 1990, at different 
distances from lines of upperstorey trees, Kahanyolo, Uganda. 

has also been higher from trees grown without 
an understorey. 

Sofar, within-row spacing in the upperstore: 
has had no significant effect on the growth of 
the upperstorey trees themselves or on the 
growth of the understorey species or adjacent 
crops. Crop yields were generally lowest next to 
the upperstorey/understorey rows, with pen-
nisetum having the greatest negative effect. Ob-
servations suggested that this fodder species 

might harbour pests and disease that affect ad
jacent maize crops. 

Since the trial was established at 
Kachwekano, there has been a visible accumu
lation of soil above tree rows that include 
calliandra and a positive effect on bean growth 
on the upslope side. Understorey plantings of 
this multipurpose tree may be halting runoff, 
increasing the soil moisture available to the 
crop. 
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Researchers weigh fresh biomass harvested from a hedgerow of Leucaena leucocephala 
in an on-farm hedgerow-intercroppingtrial near Maseno, Kenya. 

The objective of ICRAF'\ Research Pro- researchers are working with t'anners to design 
gramme Five-on policy, adoption and ir- and evaluate agroforestry technologies appro
pact-is to improve the adoption oftagrotore,,try priate tot the problems and opportunities that 
techiologies and enhance their beneficial role exist in each area (Table 49). In 1991. farmer
in tr':,ia ln-use systems. Studies focus on designed trials were also introduced, primarily 
tt'e decision-making processes ihat influence at Masenio. 
agroforestry adoption at the household. commnu- Results of these major on-farm research ac
nity and national le,,els. Farmer constraints and tivities arc described in this report. in addition. 
incentives are considered, as well as the frame- ICRAF has initiated on-latin research at other 
work of national agroforestry research and de- sites in Burundi, Cameroon, Kenya. Malawi,
velopment progrdtnnes and the support policies Rwanda, Tanzatiia. Uganda and Zambia. Table 
of the international community. Wo+rk isorgan- 5(0 provides a summary of activities at these 
ized in three general areas: factors affecting dies. 

ag. oforcstry adoptioni, impact assessment and 
policy analysis.

In 1991. major research activities were in Agroforestry adoption 
progress at three sites: Maseno and Kakuyuni in and im'pact assessment 
Kenya and Lilongwe in Malawi (Table 4X).
These were selected on the basis of agro-eco- Farmers tha;'ughiout tihe tropics are practising
ii)gical diversity. opportunitics for complemen- traditional agroforestry technologies and con
tariy with on-station research and support from sidering modified approatches or entirely new 
national institutions. Based on survey results, initiatives as proposed by developnieni and ex



tension agencies. Several fat:cors are involved in 
a farmer's decision to :ake up a new 
agroforestry practice or to continue a practice 
already adopted. Studies on these factors in-
elude detailed analyses of land-use problems. 
farmers' biophysical and economic resourccs. 
indigenous knowledge and practices. and corn-
rnunify and household decision-inaking pro-
cesses. 

Inpact assessment includes long-terri mon-
itoring and evaluation of agroforestrv s\stems 
as well as sliort-iernl observations and analysis. 
The objective is to quantify the effects of 
agrb rcst ry mnproduction syterns, on tile 
well-being of rural households, and on national 
and regional economies. Studies cover resource 
use. labour requirements, yields, provision of' 
food and other needs, income generation, sup-
ply and demand of agic forestry inputs and prod-
ucts and employment generation. 

On-farni technology trials assess tile poten
tial impact ol'agroforestry and tile likelihood of 
adoption by l'armers. In the subhumid tropics, 
ICRAF is conducting on-f ani trials in Burundi, 
Kenya, Malawi, Rwanda, Uganda and Zambia. 
These cover a number of agroforestry technol-
ogies--hedgerow intercroppirg. improved fal-
lows, boundary planting, fodder banks. hme 
gardens and living fences. In the semni-arid trip-
ics, ICRAF has participated ice 1985 in trials 
of hedgerow irtercropping, *dder banks, tree 
planting in home compounds, living fences and 
tree hurscry management at Kakuyuni. In the 
humid tropics, on-farini trials are in progress in 
Cameroon testing improved fallows and hedge-
row intercripping. 

These on-fami research activities are an es
sential component ot the agroforestry technol
ogy development process. The objectives are: 
* 	 To study existing land-use problems and op

porlunities, use of multipurpose trees, and 
tarniers" agroforestry systemls in order to in
prove on-station and on- farni research plan
ning and aiah sis 
TTo design and test agrofurstry technologies 
tIhat can be e.pec ted to contribute to tile imi
proved prdutivity and sustaihability 0f 
tanning s stenis 
Tl aluate atceptability and potential"t the 
socio-economi,: impact olagroflorestry tech
nologies 

- To develop on-lari research methoids for 
wider use through ICRAF's collaborative 
programmes; these must be cost effective and 
scientifically rigorous and must ensure the 
active participation of farmers. 

On-farm studies in the sLJbhumid zone 
of Eastern Africa 
In 1990. researchers based a the Maseno 
Agroforestry Research Centre in western Kenya 
started a participatory trial on 23 farms to test 
the feasibility, requirements and benefits of 
hedgerow intercropping. On-f'an.i research in 
this area is supported by the Rockefeller Foun
dation, USAII). SII)A and the Government of 
the Netherlands. 

In February 1991. research was extended to 
an additional 39 farns. The trial consists of two 
plots ol'5() to I() ii sq on each farm, one with 
hedgerows about 4 in apart and one without 
hedgerows. The rcse;trchiers supply the seed-

Table 48. Characteristics of the major sites for ICRAF's on-farm research activities in 1991. 

Altitude (m) 
Annual rainfall (mm) 
Dominant soil types 

Population density (person/sq km) 
Average farm size (ha) "<1.0-1.5 
Labour availability 
Off-farm income 

Maseno 

1500 

1800 (bimodal) 
acrisols, ferralsols, 
nitosols 

400-1000 

limited-high 
high-moderate 

Lilongwe Kakuyunl 

1180 1200 
890 (unimodal) 600 (bimodal) 
luvisols ferralsols 

110 70 
2.0 4.1 
high limited 
low mcdera'e 



Maseno Lilongwe Kakuyuni 

Soil fertilityand erosion 
75% acid soils; low 
phosphorus; erosion hazard; 
low use of manure and 

Continuous cropping; light soil 
with low organic matier; very 
low use of manure and 

Manure unavailable 

fertilizer fertilizer 

Wood supply
Shortage of fuelwood, poles, Deforestation; shortage of Rapid decrease of fuelwood;
timber; depletion of popular fuelwood for tobacco drying use of low-quality substitutes 
species; seedlings expensive 

Fodder supply
Unproductive traditional Limited grazing especially in Limited grazing especially in 
system; strong demand for dry season; poor-quality crop dry season; limited crop
milk, manure, traction; residues; livestock diseases; residues; draught oxen weak 
opportunity for improved introduction of improved dairy at ploughing time; interest in 
dairy cows with zero grazing 	 cows with zero grazing dairying 

Fruit production
High demand for planting Poor management, good Market for fruit; interest in fruit 
material potential market for fruit production; poor tree 

establishment, management 

Control of livestock 
Not a serious problem 	 Communal access to cropland Communal access to cropland

in dry season; fences required in dry season; fences required 
to protect hedgerows, home to protect hedgerows, home 
gardens, fruit trees gardens, fruit trees 

Table 49. Constraints and potentials identified in the three major target areas 
for ICRAF's on-farm research programme in 1991. 

lings and offer technical advice, while the farm- remainder thought that weeding their crops took
 
ers conduct all operations. Tree species include longer with hedges.
 
Le'ucz'lnalIe'm'cephala. (alliaidra cab- Tree survival rates six months after planting
 
I/lir'. and Letiicu'l diver.ifidia,. ranged f'orn 751( to 1001(. compared with 25%
 

In tile long rains of' 19 ). the 39 new paric- to 9914 fbr the first group of farmers who 
ipating fairmers establiled the equivalent of planted duriog the previous short rains. Termite 
59 ( Irees/lia oin plot, averaging 7X( inl sq. The daniage was the most coninion cause of seedling 
farmer,, grev, IXdifferent crop combinations cil death, sonetinies exacerhi.!ed hV late or poor 
lhese ph,. v,hich ccmplicated research results. plant ing. Termite-control measures included re
%laiie/bean mixture,, (43' ofl ph ts,) and sole moval of crop reidues from around the eed
mai/e (23';) were the mot, common. lings, applicatioih of' wood ash and, 

No farmer applied fertilizer t tree seodilng,, occasionially. treatment with insecticide. 
hul 41'P applied farmy,ard manure in the plant- Six 11iontls alter planting out, tree heights 
ing holes. lost (72';) Larners planted the trees varied widely among the different I'arns (Table
themselves. whilc the rest used casual labour. 5 1). On 27 4 of the farms skhere trees were 
About two-thirds of tile farniers reported tfat planted in 1990, Leuc'aena h'uco eplala grew 
labour requirements for weeding were unaf- poorly due 1t browsing by antelope, but there 
fected by the presence of the hedges, while the was little browsing of trees planted in 1991. 



0 

0)Ilk 

A field technician shows a group of women farmers near Lilongwe, Malawi, how to prune 
the roots of tree seedlings before planting 



Poor growth of Letuwitia l'ucocephala and 
Leucaena diversifija at sonic sites appeared to 
be related to nutritional disorders. Soil and plant 
samples are being analysed to identify them. 

Growth rates were much slower on most 
farms than on-station results achieved at the 
Maseno Agroforestry Research Centre. How-
ever. trees planted on station: each received 25 g 
of' diaimnonium phosphate fertilizer and were 
intercropped with fertilized beans. Root-collar 
diameters at six months averaged 1.3 cm for 
lenct'naleuocelhala on farni compared with 
2.2 cm on station: for calliandra, root-collar 
diameters ave raged 1.5 cin on farni and 2.9( cin 
oil station, 

The slow,and variable growth rates of hedge-
ro,,, planted oil farin (Table 52) complicate 
decisions oil the linle of first cutting. Trees we-. 
often lo, nall to cut at the s[art of the season 
after they %serc planted. but some hedgerows 
that w,ere left uncuti clearly inhibited crop 
growth later in tie season due to competition for 
light. However, citting hedgerows after crops 
were planted required extra care and labour to 
avoid damaging the crops. 

Onl balance. in order to avoid colpetition 
and crop danage farmers might be advised to 
cut hedgero,.,s at the start of the season after 
the, are planting out regardless of tree size. 
Further work is needed oin station to determine 

the effects of cutting small trees on subsequent 
shoot growth and roo. distribution. 

On average, 62'/7 of total dry-matter yield 
from tie first cut was returned to the soil, rather 
[han harvested as fuelwood. In the first year of' 
establishment, this anounted to about 2 tVha 
(dry wt), with another It/lha (dry wt) harvested. 

Labour requiremcnts for pruning hedgerows 
and spreadin-, mulch were significantly affected 
by the presence of an intercrop. Without crops, 
aworker couhIdprine fron I. 1 to 3.8 Il ofhedge 
per Minute, wilh an average of 2.2 in based on 
24 observations. With crops, cutting speeds 
ranged from 0.6 to 2.I m per Minute, with an 
average of 1. in based on 14 observations. 

More than 501; of tie parficipating faincrs 
were wonlen but, out of' 85 observations, 
wolen oily cut hedgerows on six occasions 
(7c/t of observations) and only spread prunings 
on 15 occasions ( 181,; of observations). In 12 
cases ( 14(/ of observations), hired male 
labourers cut hedgerows, w hilc in iost cise s 
(67 observations or /9"( of tile total), hedge
rows were cut b',, male household members. 

On 80(/( of tile fans, maize was planted at 
rates of 20,)00 Ito SIto()( plants per ha. The 
recomnmended rate is 44.100. About 50)-4 of 107 
plots v ith maize yielded less than I t/ha (I3c1 
noistlre content), while less than I()4 yielded 
more than 2.5 t/a. OnI 8% of' 61 plots with 

Table 50. Sites for recently initiated on-farm research activites. 

Site 

Gitega, Burundi 

Yacund6, Cameroon 

Embu, Kenya 

Rwerere and Gakuta, Rwanda 

Moshi, Tanzania 
Kabale, Uganda 

Chipata, Zambia 

Research activities 

Economics of seedling production in nurseries, 
grass/shrub associations for livestock fodder, D&D survey

Hedgerow intercropping and rotaiuonal fallows to improve soil 
fertility 

Ethnobotanical survey, evaluation of home gardens, planting 
understorey trees in existing boundary plantings of Grevillea 
robusta, planting shrub species in existing fodder banks 

Species testing, upperstorey/understorey combinations, trees 
planted in fallow fields for stake production, diagnostic study 
of tree/banana associations 

Evaluation of home gardens 
Upperstorey tree planting, diagnostic study of tree/banana 

associations 
Improved fallows with Sesbania sesban, fodder banks with 

Leucaena leucocephala in protected bottomland plots 



Range of Heights in cm (number of farms) Average
Species Date Planted <50 51-100 101-150 >100 Height (cm) 

Leucaena leucocephala
Leucaena Jeucocephala 

Sep 1990 
Apr1991 

7 
2 

6 
2 

9 
1 

0 
0 

80 
65 

Leucaena diversifolia Apr 1991 1 1 2 2 1 L3 
Calliandra calothyrsus Apr 1991 0 3 4 2 142 

Table 51. fangg of tree heights and overall average, six months after planting under hedgerow 
intercroppingon farms near Maseno, Kenya. 

beans vieldd more than 0.4 t/ha; 411 '( vielded 
less thain 0.1 t/ha. 

Nutrient input lcvels %%ere also low: only 
17(i of' talrnier used ic rt ili/cr on their hedge-
rm% plot,, and tlly 451; used tarinvard nimiure. 
The tanrters ho did Use i'ertili/cr aipplied an 
averaige of t9( kAm d+lii(ln liispt tphoi .i 
Aiong tilellriers v,hotuSCd manure ol their 
Iledger iw plts, appli,-atiin asveiaged I.X t/1O 
dry %kt.Fertilizcr idimaniure applieatioris were 
slightlv higher oincotnlrtol plot',, but the differ-
crices were noit signifiallil. 

Acriss thc farirs a . i \,hole. a%' cratg rolj, 

,iclds \%ere not silnilicmait', dilferel: with or 
withtlllhedgerow.s.Iloes'r. comparisons be-
Its llll al loll-ellgeltm, phlt', %ereedreros a 
riot strictl, \ialid hecausC otfditilerences amiong 
plot, ill soil lertilit, anbcaIse thCinherent il 
frrniers lllded to liimaie their control and 
IledgLerrt Ahout 23"( of' theplots, dilterentls,. 
farlnc'rs t'lt that Ie'r. sicrc. iilierent dilierenc s 
irsoil lertilits betsscein their hledgerok and con-

Ifthese had deliheraitel 
hedger,s oi less fertile sites, i reasobillehl 
trol plots: illost plaited 

tile
strategy considering that objective of the 
iedgerows ka s to improvc soil fertilitx'. 

Sonie of thleitarmers reported thai they ap
plied different aniotlnts fllcrtili/er and manunre 
to hedgerowi,al contro plots (23 ',),that they 
%'cededthe two plots differently (I4 ),or ttl 
ihey pre,.pared aid planted the plots tlj lerelntly 
, 14", ).The reseirchers had decidcd to let tle 
farners mmge tile plots indcpeide ntly to see 
how they evalated thle hetlgerow lechnology, 
rather thain tryinglo mintai strict unifriniti'. 

('iicerniig ovelraIl perhirfinanc. 5 I ot'llie 
fariners observed tlhal competition froni the 
trees had a ntie irinact on crop yields,21 
repoited thai the Ics had a posilive effect oin 
crop )itlds, and 32"t observed no .ff-'cl. The 
ariners itc hopCul th1at pitiVe etfects W'ill 

increase inlllutlrc irs. 
'liese resull,(lemionstrate tihe importance tit' 

far ,rlicilatlinin dlesigning ande\ alualing 
an airoforestry leehitioligv. Ihloever. they also 
shlw how lifficult it is to compare the hiophys
ical perfornatce of' alternalive agroforestry 
practices ithparticipating farmers. ' high-

Table 52. Biomass yields of hedgerows on farms near Maseno, Kenya. 

Species Date Planted Date Cut Yield (tlha dry wt) 

Leucaena leucocephala 
Leucaena leucocephtla 
Leucaena leucocephala
Calliandracalothyrsus 

September 1990 
September 1990 
September 1990. 
April 1991 

April 1991 
Septembpi 19 9 1a 
November 1991 + 
September 1991 

1.0 
2.0 
0.8 
1.9 

aFirst cut of season. 
bSecond cut of season. 



light the need for complementary studies under 
realistic conditions, but with a high degree of 
researchercontrol. They alko show the low level 
of inputs and associated low leel of crop pro-
(Luction often encountered in the subhumid trop-
ics. Monitoring is continuing and results are 
being compiled for economic analysis. 

Twelve farmers in live areas atound MasCno 
took part in another experiment in 1991 to test 
the feasibility of establishing th.' moltipurpose 
tree.Scthani .adsvshw., directly from seed. The 
objective was to develop a low-cost method of 
tre, establishment for rotational hedgerow-in-
tercropping and improved-fal!ow systems. 

Most of the farmers sowed sesbania seed in 
tines 4 inapart, along with maize, at the 5egin-
ning of the cropping sea .on in Febru!,rv 1991. 
Rainfall was average at two study site :and I('/ 
to 17,' belMow average at the other thr -e. 

On fobr of the farms, thc trees Cailed to 
establish because seeds were washed awvay or 
seedlings were browsed by animals. On the 
eight other faris ilCltIded in the study, the 
seedlings established satisfactoily under ,he 
maize canopy and grew rapidly after the maize 
was harvested. Six nio ths after planting, tree 
height> on two of these faris averaged more 
than 2 ii. On the other six tarns, tree heights 
ranged from 50 cm to 2 m. 

One farmer planted the trees in rows only 2 
inapart. This alternative provided aclense stand 
of sesbania, which could be thinned later on. 

At the beginning of the next growing season, 
the eight fanners with trees had two options: 
they could leave the land fallow or plant another 

crop. Four farmers left the land fallow md four 
planted maize. Maize yields with the trees aver
aged 82() kg/ha, while yields from unfallowed 
control plots averaged 390 kg/ha. Thc farmers 
reported :hat they would need more time to 
assess the effects of this technology. On-station 
experiments on depleted land could help quan
tify the potential biophysical benefits of such a 
system. 

In a third t-,-l at Maseno, farmers conducted 
their own experiments with five multipurpose 
trees-the shrub species Leuca'na leuco

l'pha/a,Leucacna divvrsfid/ia and Cailiandra 
a/Iloth ,rsUS and the upperstorey species 

GrelWila robuslaand Casuarina (tuning;1auni
ana. 'he objectives were to: 
- Observe how farmers experimen with new 

tree species and and how ;hey evaluate them 
* 	Assess how these five species perform on 

farmer,' fields under farmer management 
• 	Discover where tanners plan, new trees and 

how they manage and use them. 
A total of 50 farmers from 13 different 

farmer groups were involved in the trial. In 
group meetingis, researchers discutssCd trec 
characteristics and uses and distributed seed
lings. The farmers were able to observe sonie of 
the species itn p-reviously established on-farm 
trials. 

Information \s as collected from 44 of the 
participat ing farmers. About half were men and 
half women. On average, each received 273 
seedlings at the beginning ofthe growing season 
in September 1991 (lable 53). The range was 
250 to 500. Three quarters of the farmers 

Table 53. On-farmplanting trial in western Kenya: number of seedlings delivered to farmers, 
seedling survival rates and observations of termites. 

Species 

Average Number of 
Seedlings Delivered 

to Each Farmer 
Seedling Survival 

Rate (%) 
Farmers Observing

Termites (%) 

Leucaena ieucocephala 56 73 23 
Leucaenadiversifolia 29 73 20 
Calliandracalothyrsus.
Grevillea robusta 
Casuarina cunninghamiana 

103 
54 
31 

84 
79 
46 

1r; 
36 
48 



Species 

Grevillaarobusta 
Casuarina cunninghamiana 
Leucaena leucocephala 
Leucaena diversifolia 
Calliandra calothyrsus 

Excellent Good Fair Poor Very Poor Total 

15 17 7 2 2 43 
4 8 13 8 10 43 
7 6 14 11 5 43 
7 11 13 8 4 43 

23 6 7 4 3 43 

Table 54. Responses of 43 farmers asked to rate five tree species in terms of growth
three months after planting at Maseno, Kenya. 

planted all their seedlings-- others gave some 
away or sold them. Because it was still dry when 
thl seedlings were delivered, 40ch of the farm-
ers delayed planting for more than one week. 

About 67% of the farmers planted the shrub 
species in hedgerows. Others planted them on 
external or internal boundaries, on terraces or in 
fallow land. About 5014 plited grevillea on 
external boundaries, 3(-q (on internal bound-
aries, and II % around their homes. About 33'li 
planted casuarina on external boundaries, 33/ 
on internal boundaries, and 25%/' around their 
homes. Only a few of' the farmers planted any 
of the species in blocks or scattered on their 
cropped fields. 

Farmers reported that they planned to use the 
grevillea and casuarina for timber lndpoles and 
the leucaena and calliandra for soil fertility im-
provement, fuelwood and fodder. Only 11% of 
the farmers expected to use any of the species 
for soil conservation, 

On average, the farmers spaced the leucaena 
s edlings in hedgerows at about 1.5 m and the 
calliandra at about 1.0 m apart, much wider than 
the recommended Kpacing of 0.5 in. -hey justi-
fied this wide spacing on the basis that they had 
r,.ceived only a few trees. Spacing between 
grevillea seedlings averaged 1.7 m and between 
casuarina 2.5 m. About 67, of the farmers said 
they decided on the spacing between seedlings 
independently: 33% said they followed advice 
from others. 

Farmers assessed the species according to 
several criteria. They gave calliandra and 
grevillea the highest ratings for survival and 
growth (Table 54). The leucaenas were next, 
followed by casuarina. All except casuarina 
were rated highly for termite resistance. 

Monitoring will ctntinue with a formal sur
vey every year and the trial wi!l expand in 1992 
with aw additional 50 farmers. The project will 
also provide larger numbers of seedlings so that 
farmers can choose spacing and pianting ar
rangements more freely. 

On-farm studies in the subhumid zone 
of Southern Africa 
A national on-farm research project began in 
1990 in the area around Lilongwe, with collab
oration from ICRAF. Based at the Chitedze 
Research Station, the project builds on the re
search programme of the Ministry of 
Agriculture's Agroforestry Commodity Team. 
Funding is provided by IDRC. USAID, CIDA 
and the Rockefeller Foundation. 

Maize and other agricultural crops predomi
nate on the plains around Lilongwe and live
stock play an important role. The average farm 
size is only 2 ha and cultivation is intensive. 
Major problems mentioned by farmers in earlier 
D&D studies included declining soil fertility, 
lack of fodder and fuelwood, poor control of 
livestock in areas of permanent cultivation, un
derdevelopment of fruit and vegetable gardens 
and shortages of cash. The objective of the 
on-farm project is to evaluate agroforestry tech
nologies that may help alleviate these problems. 
Activities are designed to complement on-sta
tion research that has been in progress since 
1986. 

By the end of 1991, 42 farmers were partic
ipating in the project. One experiment in prog
ress on 16 farms tests the potential of hedgerow 
intercropping to improve soil fertility. Maize is 
intercropped with hedgerows of Leucaena 
leucocephala without fertilizer and with fertil



Species 

Acacia karroo 
Acacia nigrescens 
Acacia nilotica 
Caesalpinia decapetala 
Ziziphus mauritiana 
Ziziphus mucronata 

Height (cm) 

25.2 
18.8 
36.6 
66.8 
48.0 
29.1 

Basal Diameter (cm) 

0.49 
0.60 
0.70 
1.00 
0.50 
0.76 

Number of Branches 

4.3 
3.0 
8.1 
1.7 
7.0 

10.3 

Table 55. Growth and branching habits of six living-fence species one year after introduction 
by farmers in Lilongwe, Malawi. 

izer applied at arate of 45 kg N/ha, which is half 
the recommended rate for the region. 

Due to the high cos, (averaging US$113/ha) 
and labour requiremen! 117 nerson-da s/ha) of 
establishin2 hedgerows froan seedlings, the triad 
began with hedgeroA establishment by direct 
seeding. ['his approaca , ost (nly US$20 and 
required only five person-days/ha. Germination 
averaged 60%, with a range of 40% to 100('. 
The mos' effective method involved planting 
inoculated seed in shallow furrows at a spacing 
of about 10 cm followed by thinning. Some 
supplementary planting with seedlings was re-
quired to fill in gaps. 

With di,-, seeding. establishment and early 
growth tended to be slow. Eleven months after 
planting out, trees established from seed aver-
aged 30 cm in height, while trees planted as 
seedlings averaged 90 cm. For this reason, ftrm-
ers indicated that they preferred to plant seed
lings, despite higher costs and labour 
requirements. 

A major problem occurred during the dry 
season when farmers had to erect temporary 
fencing to protect their hedgerows from grazing
livestock. Alternatives include the introduction 
ofliving fences, the use of non-palatable hedge-
row species such as Cassia spectabilis, or the 
implementation of community agreements :o 
control livestock 

Termites were another serious problem. 
About 33% of the farmers reported serious ter-
mite attacks, losing up to 30% of hedgerow 
plants. Project researchers have achieved some 
temporary success using leaves of Azadirachta 
indica (neem) to control termites, but another 
approach would be to plant a termite-resstant 
hedgerow -pecies, such as Gliricidia sepium. 

From an assessment of efficiency and time
liness of operations, 30, of the farmers were 
rated as very good, 40'/ a.; good, 13% as fair 
and 6'/ as poor. Only two of the original panic
ipants dropped out-because their plots were 
unsuitable. 

Due to the slow ,nitial growth of leucaena 
hedgerows, farmers may have to wait two years 
or longer to see any benefits from this 
agroforestry technology. This is a definite dis
advantage. On the other haid, they have not 
seen any drop in maize yield. About 45% ex
pressed an interest in expanding hedgerow in
tercropping on reportedtheir farms and 501%4 
that their neighbours were interested in partici
pating in the trial. Farmers were not accustomed 
to being consulted by research and development 
workers, and they only began expressing their 
own views and ideas after long-term interaction. 

Fourteen farmers are participating in a second 
experiment to test the introduction of fruit trees 
in home gardens and dimba (bottomland) plots. 
Researchers provided seedlings 'and technical 
information, and the farmers have made all de
cisions on planting and management. 

The farmers planted seedlings of orange, 
lemon, tangerine, mango, papaya, guava, ba
nana apd passion fruit. Survival rates have av
eraged 80% to 90%. They combined fruit trees 
with awide variety of vegetable and root crops. 

Farmers have very little kno"edge or expe
rience with fruit-tree production, but have 
shown considerable enthusiasm. Constraints in
elude limited access to seedlings, labour re
quiremenis, and moisture stress during the long 
dry season. All plots with fruit trees have to be 
fenced for pro;ection against grazing livestock. 



A third trial began in 1991 to test the effective-
ness of different species as living fences and to 
develop appropriate management practices. lni-
ially only five farmers were included, but tile 
trial will expand as more planting material be-
comes available, 

Farmers around LilongwAe traditionally plant 

sisal as livi ng fences, but these broad plants take 

a strip of at least I in out of crop production. In 

,his study, farmers planted single rows oflAca-

'ia karroo, At ia n'i'.'srii ' ns, Acacia nilolica, 

Cavsalliniadc apetalaZi:iipusmauritianaor 
Zi:'_,husmu'ronata.Overall, /iziphiS ,nawiti-
arnia denloi:atrated the best growth at one year 
(Table 55), although it showed sole suscepti-
hility to terimite damiage. ('a.salpinia 
decap(tala grew iore quickly and had large 
thorns, but tie trees had poor branching habits 
and failed to fonn a thick mesh. 

Although establishment costs and labour re-
quirements are high, farners have a strong in-
terest in planting living fences to protect their 
fruit and vegetable plots. Most of' the splcite s 
under in vestigation are localized in the region, 
but limited planting miaterial is still a serious 
constraint. 

Farmers in the Li ot gwe area often retain Arca-
cia alhida trees in their cropland aid are well 
aware of the contribution this species makes to 
soil fertility through the build up of' organic 
matter fron ieaf and pod fall. Scientists began 
a trial in 1991 to assess tie potential of planting 
these trees systematically. 

Researchers provide faniers with 50 acacia 
seedlings plus technical information. The ftarri-
ers plant trees at an initial spacing of 10 x .- r 
and then thin them gradually to reach an opti-
nitm spacing of 20 x 20 m. So far seedling 
survival rates have been low, averaging 30GIM. 
The main probleri appears to be poor identifi-
cation of tree ;eedlings when fields are weeded, 
This technology entails niodest costs and labour 
requirements, and farmers are interested in 
adoption in spite of the poor pertrrmance so far. 

On-farm research project inKenya's
semi-arid zone 
In 1984, KEFRI initiated a Dryland 
Agroforestry Research Project in the area 
around Machakos. with ICRAF acting in an 

advisor capacity. The goal is to develop imi
proved land-manageinent sysiems using 
agroforestry for n ixed-!arnling areas in 
Kenya's semi-arid /one. 

The on-farnl component of this project is 
based at Kakuyuni, near Machakos. Three local 
farmers began working with the project in 1985, 
and six nore joined in I188. One local school 
al so part icipates. They all made plots available 
fur hedgerm-intercrpping trials, with hedge
row s nmanaged by project staff and crops nian 
aged by the fariers. I ledgerow species are 
Ca.%s.iasiama.(;iticidia,epium and Leaca(1 
leucr cplala. In 1989, the farners took over 
complete management of tlie trials. 

Biomnass production from hedgerms has 
been low., ranging fron 2.9 t/ha fresh "t per 
scason for cassia to 5.( t/ha for gliricidia. 
Leucaena hedgerows have suffered high losses 
du to browsing. Farmers also comp l a in that tile 
presence of hedgerovs interferes with ox 
ploughing. They have niod ified the technology 
to alleviate ttlis problen by cutting the hedge
rows at 2(1 cni above grotund instead of at 50 cri 
as was recomiiieinded. 

Labour for hedgerow pruning is another con
straint. A single pruning requires 27 person
hours/ha. The probleni is especially acute at the 
beginning of the cropping season, when labour 
is required for land preparation, and later when 
crops must be weeded. 

Although larners have few options for ad
dressing their soil-fertility problems, they' are 
not yet conviiced of the value of hedgerow 
intercropping. One participating farmer has 
abandoned the trial. two have expanded the area 
under hedgerow intercropping and two 
neighbouring farners have introduced the tech
nology. However, in 1991, maize yields were 
higher on hedgerow plots than (il control plots 
(Figure 14). During the year, 10 additional 
farmers from neighbouring villages joined the 
trial. 

From the out.wet of the project, 'amniers ex
pressed particular interest in fruit trees-includ
ing citrus, papaya, mango arid guava-a 
reflection of goo( marketing potential in the 
area. However, increasedI fuit-oree production 
was limited by poor survival rates, ranging fromi 
7% for guava to 50% for rough lemon. In 1990, 
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Figure 14. Maize yields from hedgerow-intercropping trials on farms at Kakuyuni, Kenya, 
during two growing seasons of 1991. 



aconcerted effort to improve planting methods 
included enlarging planting holes to awidth and 
depth of 50 cm, pruning seedling roots before 
planting, and applying manure. As a result. 
seedling survival rates increased up to 901/. 

Field researchers conducted a detailed socio-
economic survey in the Kakuyuni area from 
Fehruaiu v to April 1991, to compare the prob-
leIts. preferences and agroforestry practices of 
fanners participatingand not participating in the 
project. The study covered the nine farmers 
pailicipating at that time plus 14 others chosen 
at random in the area. All the tarmers noted 
labour constraints, animal disease, insect pests 
and uncontrolled browsing as serious problems. 

Altogether. the team identified eight fruit 
species and 37 other tree species on farmns in the 
area. Farmers participating in the project had on 
average 66 trees in their home compounds, 
compared to 22 for non-participating farmers 
The number of trees in cropland was similar for 
the two groups. Participating farmers had 
planted a much higher proportion of the trees on 
their farms: 77/ of those on home compounds. 
compared to 38/ for non-participating farmers, 
and 46r/ of trees on cropland, compared to 16/. 

When asked which trees they preferred, all 
farmers ranked Cassia siamea-an exotic spe-
cies-first, followed by Terminalia nehtalis, a 
local species that is not planted but occurs nat-
urally. Farmers participating in the project 
ranked leucaena third, while non-participating 
famners mentioned Eucalyptus camaluensis. 

Among fruit species, all farmers ranked papaya 
first, followed by citrus and banana. Although 
farmers tended to mention Eucalyptus 
catnadulensis as a preferred species, these trees 
are highly susceptible to termite attack and there 
are, in fact, few in the area. 

All farners ranked fuelwood as the number
one tree product, followed by shade. Participat
ing farmers next listed green manure and 
windbreaks, while non-parti'ipating farmers 
mentioned timber and charcoal. All farmers 
were interested in improving their fencing, par
ticularly around cropland. 

Other on-farm research activities include test
ing leucaena fodder banks, living fences to con
trol livestock, and woodlots consisting of 
mixtures of Grevil/a rohus'a,Eucalvptusspp., 
Cas.sia sianea, Cassiaspectahilis. Acacia tor
tilis and Meliaae:darach. The project also helps 
six primary-school nurseries and two group 
nurseries that, together, produced and distrib
uted I1.0(M seedlings in 1991. 

In September 1991, all collaborating institu
tions came together to review the project's 
achievements and decide on future priorities. 
One proposal was to emphasize on-fai m work, 
with most on-station research and training pro
vided by ICRAF's Machakos Research Station. 

Survey onr the potential of hedgerow 
intercropping 
Hedgerow-intercropping trials and demonstra
tions have b2en in progress at ICRAF's 

Table 56. Characteristics of farmers interested primarily in livestock fodder 
or soil fertility at Machakos, Kenya. 

- Farmer's Primary Interest -
Fodder Production Soil Fertility 

Number of respondents 
Mean farm size 
Mean livestock holdings (ruminants) 
Mean reported maize yields 

With fertilizer 

Without fertilizer 


Number of farmers using: 
Ox plough 
Fertilizer 

37 28 
4.0 ha 3.2 ha 
4 3 

1.6 (t/ha) 1.4 (t/ha) 
0.7 (t/ha) 0.6 (/ha) 

27 7 
21 5 
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School children at Kekuyuni, Kenya,,'earn how to graft citrus seedlings as part
of ICRA Fs collbborative agro forestry project. 



Machakos Research Station for several years. 
Researchers conducted a survey in 1991 to de-
termine how farmers in the area currently main-
lain soil fertility and to assess the potential 
impact of introducing hedgerow inlercropping. 

SixtN tarms were selected at random on tie 
hills around Machakos and a,profile of the fam-
ers was developed using a formal, pretested 
questionnaire. Interestingly, ihey appeared to 
fall into two distinct groups-those who were 
concerned pririari ly with producing more fod-
ter for their livestock and those wtho were more 
concerned with soil f'ertilityproduceto ood 
crops TIable 56). 

Farmers w~ho were most interested in live-
stock todder were more likely to plough their 
fields with oxen, rather than cultivating by hand, 
and to apply feitili/e. J hey also tended to be 
generally better informed about hedgerow inter-
cropping. 

The tanners estimated that fertilizer applica-
lion doubled their maize yields, indicating the 
low inherent soil fertility of tie region. How-
ever, the benefits of hedgerow intercropping are 
likely to be more imnmediate and more visible to 
farmers if at least some hedgerow biomass is 
used to feed livestock and manure returned to 
the soil. 

Feasibility of farmer-managed 
nurseries 
F-AO is managing an integrated rural-develop
ment project at Gitega, Burundi, where ICRAF 
conducts agroforestry research with ISABL. 
Both groups are concered with helping small
holders produce fodder and wood without irn-
pinging on foodcrop production. One promising 
technology is the introduction of fodder trees 
antI grasses on contour strips in sloping fields. 

Farmers wishing to introduce this technol-
ogy have a,ready supply of planting material for 
fodder grasses. but seedlings of appropriate tree 
species are not available. To overcome this hot-
tleneck, the FAO project has arranged with two 
local farmers to produce seedlings of Le'ucaena 
diversifidlia. Social scientists trom ICRAF were 
called in to assess the economics and labour 
requirements for on-Ia m tree nurseries. 

Costs were highest at the initial development 
stage for nursery establishment, which included 
construction of ashelter to shade the seedlings, 

ground levelling, soil preparation. manuring
 
and filling plastic tubes. Labour requirements
 
were substantial--for initial development.
 
transporting and mixing soil and manure, water
ing, and weeding. The farniers or their helpers
 
spent an average (it' tour hours a day watering
 
seedlings during the dry season and weeded the
 
seedlings every 7 to 14 days throughout the
 
year. Input costs were fairly low, in part because
 
some inputs-such as inoculant, plastic tubes
 
and seeds--vere provided free by tile
project. 
Inputs purchased or supplied by the farmers 
included land, labour, manure and lertilizei. 

In a six-month period one nursery produced 
I1.28) seedlings with a labour input of 223 

person-days. The other produced 20,000 seed
lings using 504 person-days. Production costs 
averaged US$0.016 per seedling. A preliminary 
estimate of the unsubsidized production cost 
would be about LJS$t.020 per seedling. 

A more long-term question concerns the fea
sibility of"on-farm seedling production in gen
eral. Given the costs and labour requirements, 
other methods of providing planting material 
are being explored. For example, it might be 
more efficient to produce multipurpose-tree 
seedlings itl community nurseries than on indi
vidual farms. In Burundi, community nurseries 
have already proven successful for the produc
lion of cofflee seedlings. 

Workshop on socio-economic 
research
 

In September 1991, ICRAF hosted a Regional 
Workshop on Socio-Econonic Research for 
Agroforestry Systems Development. Funding 
was provided primarily by IDRC. The objective 
was to develop guidelines and proposals for 
socio-econonic research within the AFRENA 
programme for Eastern and Southern Africa. 
Altogether, 34 participants came to the work
shop from national and international pro
grammes in I I countries of subsaharan Atrica. 
Eight of these were women. Twelve were spe
cialists in the naural sciences and 22 were so
cial scientists. 

The participants presented papers and case 
studies on three main research areas--problem 
diagnosis, technology design and agroforestry 
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Farmers inspect Leucaena leucocephala leaf fodder during a field day 
at ICRAF's Machakos Research Station. 

Because agrol'orestr) is a new science, ICRAF and internships to support student participation
places a special emphasis on agroforestry train- in the research programme.
ing and cducation. Training is conducted in 
close cooperation with national programmes
and with ICRAF's own research work. Agroforestry research 

One important objective of ICRAF's training for development 
programme is to provide support to ongoing
collaborative research. In addition, the pro- ICRAF's main training activity for a global 
gramme has a global mandate, offering training audience is athree-week introdictory course on 
in agroforestry to researchers and development agroforestry research for development, con
specialists from all over the world. As ducted every year since 1983. This course is 
agroforestry research becomes more sophisti- intended for researchers, planners, policy mak
cated. ICRAF is organizing more technical ers and extension workers from developing 
courses, often conducted in collaboration with countries. 
other organizations whose specialized experi- The goal is to provide the technical back
ence and expertise complements that of ICRAF. ground information necessary to plan and im-

Tables 57 and 58 show ICRAF's major train- plemnent sound agroforestry research. Since 
ing activities in 1991. Group training included 1987. financial support has been provided by
both general and specialized courses, work- the programme for Direct Support to Training
shops and field trips. At the individual level, Institutes in Developing Countries (DSO) of the 
ICRAF offered feilowships to graduate students Government of the Netherlads. 



ICRAF conducted three introductory 
courses on agroforestry in 1991. One course, 
conducted in May, has become an annual event 
in the ICRAF calendar. Two others represented 
important innovation,, 

The first introductory course of the year was 
hcld over atwo-,.v~ek period in April at Arusiia. 
Tanzania. This s,as the first gencral introduc-
toiv course offered on a regional basis, with 
instruct;on provided by national scientists as 
ssell as ICRAF staff. There were 15 participants 
from Malawi, T anzai a, Zambia and 
Zi mhahwie. including five wonen. The regional 
focus, with visits to nearby research sites, en-
sured that insiruction was closel. attuned to 
local prohlems and conditions. It will also facil-
itate fll,.w-up activities with course partici-
pants. Fu1nding was provided by CIDA. 

The May course, offered in French in 1991, 
attracted 38 participants from 19 developing 
countries in Africa and Asia. including I0 
komen. The course was conducted at ICRAF 
headquarters, with a field trip to agroforestry 
res arch sites in Burundi. 

Because ICRAF's annual May course al
ways attracts many more applicants than can be 
accommodated, a third general introductory 
course was offered in October and November 
for 39 participants with outside sponsorship. 
Instruction was in English and French with si
multaneoUs interpretation. Fourteen national 
and international organizations provided finan
cial support for participants from 21 countries 
of Africa, Asia and Latin America, including six 
women. Instruction at ICRAF headquarters was 
followed by a field trip to agroforestry research 
projects at the Kenya coast. 

These courses consist of lectures, poster pre
sentations by participants, group sessions and 
discussions, individual meetings with the in
structors, and field visits to research sites. The 
content is becoming more technical over the 
years, reflecting advances in agroforestry re
search. Courses will continue for participants 
with outside sponsorship and the number of 
regional courses will increase, particularly as 
ICRAF expands activities in Asia and L:,tin 
America. 

Table 57. ICRAF group training activities in 1991. 

Region 

Global 

Global 

Southern Africa 

Eastern and Southern 
Africa 
Eastern and Southern 
Africa 
Eastern and Southern 
Africa 

Global 

Semi-arid West Africa 

Semi-arid West Africa 

Main Topic 

Agroforestry research 
for development
Agroforestry research 
for development

Agroforestry research 
for development
Experimental methods 
and data collection 

Mycorrhizae & Rhizobium 
in agroforestry 
Socio-economic research 
methods 

Teaching methods & 
curriculum development
in agroforestry

Computerized data 
handling inagroforestry 
research 
Information &documentation 
management 

Venue and Duration Participants 

Kenya: 3 weeks 38 

Kenya: 3 weeks 39 

Tanzania: 2 weeks 15 

Kenya: 4 weeks 15 

Kenya: 1 week 25 

Kenya: 1week 18 

Kenya: 1week 14 

Niger: 2 weeks 15 

Senegal: 3 weeks 10 



Region M.Sc. and Ph.D. 
Fellowships 

ICRA headquarters and research stations 2 
Eastern and Central Afriza AFRENA 3 
Southe., Africa AFRENA 7 
Humid lowlands o[ West Africa AFRENA 1 

Total 	 13 

Student
 
Attachments
 

25 
5 
8 
6
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Table 58. ICRAF training activities for individuals in 199 1. 

Field experimental methods 
and data collection 
Many field technicians working in agroforestry 
research projects are trained in a single discipl-
ine hut ntt in the management of complex land-
use systens or collection, handling andin tile 
storage of data on all the factors crucial to 
agrofb restry experimentation. Thus, in 1989, 
ICRAF started a llew course for feld techni-
cians working inagroforestry. Thi,; course is 

now ofTered on an aninual has is. 


In199 1.the third course ontic experincn-
ield 

llmethods and data collection was held at 

ICRAF's Machakos Research Station. Instruc-
lion took place over four weeks in November 
and December. Participants were field techni-
cians working inKenya. Malhwil, 'anzanzia, 
Zanbia and Zinbabwe. DRC provided finan-
cial support. 

With only 15 participants, !he approach was 
infornal, emphasizing practical, hands-on ses-
sions inthe field. Instruction covered: 
" Preparation olagrolorestry field experiments, 

including experimental design and field lay
out, use of contour lines, soil sampling. and 
methods of tree propagation 

" 	Implementation and maintenance of 
agroforestry field experiments, including cal
culations of plant density, spacing, tise of 
fertilizer and other chemicals, planting tech-
niques. and tree management 

" 	Observations, neasuremnents and (itactillec-
lion in agroforestry experiments, including 
weather, microclimate, soil, trees, crops, ani-
mals, pests and diseases. 

Symbiotic nitrogen fixation 
in agroforestry 
Many of ICRAF's collaborative research pro
gram mes are working wili nitrogen-fixing 
trees, and scientists ill tilefield have identified 
a need for better ulndrstanding of' the role of 
root symbionts in the important process of ni
trogen uptake and fixation. ICRA F organized a 
six,-day training workshop on mycorrhiizae and 
Rhi: hium in agroforestry incollaboration with 
tileInstitute of Terrestrial Ecology (I1E).Ses
sions were hold at ICRAF headqIiart ers, the 
Machakos Research Station, tlie National 'In
seums of Kenya, and the KEFRI laboratories. 

Twenlt-tour participants froin 12 African 
countries investigated thedifferent typesof'rool 
symbiosis and their importance for plant growth
 
and nutrition. The workshop participants also 
learned techniques for malnipulating root sym
bionts and discussed research questions related 
to biological nitrogen fixation. Finally they 
considered interactions between different plants 
and the implications for agroforestry. 

Speciaized courses 
for the sahelian region 

Altera two-year planning phase, participants in 
the SALWA research programme identified 
training needs incomputerized data handling 
ind information and documentation manage

ment as priorities for the region. In response, 
two courses were conducted in 1991 with fund
ing provided by CIDA. 



An environmental science student from the Kenya Polytechnic sorts a collection of tree-root 
samples at the Machakos Research Station during her attachment at ICRAF. 

ICRAFjoined ICRISAT and the Institut na-
tional de recilerches agrononiques du Niger 
(INRAN) to conduct a training course on stan-
dardized data co lecti on.anacementl and anal-
y,,,is for agrolorestry experiments using the 
Datachain and Genstat 5 coMputer programs. 
The two-week course was held in Nhamey in 
December. There were 15 participants, includ-
ing two wornen, lroin Burkina Faso, Mali, Niger 
and Senegal. 

Information anid documentation specialists 
came to Bamako in August fora 2-week training 
course on information managenient. This 
course is described under ICRAF's Information 
and DoCUneritattion Programme. 

Individual training 

Opportunities for individual training at ICRAF 
include degree fellowships for M.Sc. and Ph.D. 
candidates, non-degree fellowships at the post-
graduate and post-doctoral levels, a visiting-sci-
enlist programme, and student attachments. As 

with group training activities, there is a trend 
towards placing students at sites il tIle field 
rather than concentraled at ICR-F headquar
ters. 

In 1991, 13 M.Sc. and Ph.D. candidates were 
undertaking research with ICRAF-2 at head
quarters and I I at field sites in Eastern, South
ern and West Africa. They came from 
Cameroon, Ethiopia, Kenya, Malawi, Sudan, 
Uganda. Zambia, Austria, Canada and tie UK. 
Individual students were sponsored by CIDA. 
IDRC ahd the Ford Foundation. 

In 1991, four of these students completed 
M.Sc. courses at universities ill Canada and Ihe 
USA id returned to national research institLI
tions in Southern Africa. All conducted the 
field-research component of their degree pro
grarinies at AFRENA sites in !he region. Their 
training was supported b)' CIDA. 

Finally, I(RAF offered 44 student attach
merits in 199 1, ranging from t'mo nionths to four 
years. Students were hased at ICRAF headquar
ters and at field sites in Fastern, Southern and 
West Africa. They came fron universities, tech
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Participants in many of ICRAF's training courses become familiar with the computerized databases 
that provide important information for agroforestry research. 



nical colleges and national agricultural research 
institutes in eight African countries. Six were 
women. Two worked on database-management 
systems within ICRAF's Infornation iid Doc-
urnentation Programme, while tile others were 
involved in agrolorestry field research. 

Funding for individual fellovships, visiting 
scientists and student attachments was provided 
by BMZ, CIDA, II)RC, IFA[). NORAD, 
USAII), the African Development Bank. and 
the Ford and Rockefeller Foundations. 

Visiting scientists 

seven visiting scientists came to ICRAF in 1991 
on one-year fellowships ('[able 59). Thes;- were 
staff members of universities and national re-
search institutes in Bangladesh, Ghana, India, 
Malawi, Nigeria and the UK. Four worked at 
ICRAF headquarters and three were atta,:hed to 
field .ites in Eastcrn and Southern Africa. Two 
conducted research on fruit trees; in agroforestry 
and the others completed studies on tile eco-
nomics of home gardens, insect pests, nutrient 
recycling, soil/water relations, and agrolorestry 
adoption. 

Agroforestry training
for farmers and extensionists 
Farmers near ICRAF' s research sites often 
show a keen interest in learning more about 
agroforestry. Although national institutions 
have the primary responsibility for training 

famiets and exteision agents, ICRAF's field 
researchers may he called upon to conJuct shoit 
Iriining essions and o, give advice. 

In all of ICRAF's research programmes, 
farmers attend meetings. visit experimental sta
tions and participate in field days. Many of these 
farmers are member,, of women's giLoups. Tis 
type of activity is increasing as ICRAF's re
sea;ch expands to include more farmer partici
pation and on-iajmi experiments. 

)uring 199(0 and 199 1. 27) farmers parlici
pated in D&D meetines in western Kenya and 
visited tile experiments at the Mascon 
Agroforestry Resemarh Centre. About 70W4 of' 
the farmers were women. Extensionists at
tended many of the incetings for farmers, anld 
ICRA F staff conducted four one-day training 
wvorkshop., for divisional e:xensionists. The on
farm research team also made presentations at 
12 extension field days and seminars. 

The Nachakos Research .tatior received 
1610 visitors in 199 1,including 395 farmers and 
316 estersion agents. Most of the farmers cane 
to the station with their District Agricultural 
Officers or in groups taking courses it Farmer 
Training Centres. Stafl of the research station 
have been in contact with neighbouring farmers 
since 198 1, and these individuals took part inan 
exercise in 1991 to judge the adoptability of 
hedgerow intercropping in tile area around 
Machakos. 

In southwestern Uganda, ICRAF and collah
orating researchers provided tree seedlings to a 
number of women's groups and helped 10 
groups establish their own nurseries. Project 
staff also initiated a serniiiar series on 

T/bie 59. Participants in ICRAF's visiting scientistprogramme in 1991. 

Hor - .nstitution and Country 

University of Ibadan, Nigeria 
BARI, Bangladesh 
ICAR, India 
UST, Ghana 
University of Malawi 
University of Reading, UK 
Foreslry Research Institute, Malawi 

Research Topic 

Fruit trees 
Home garden econeaziics 
Insect pests 
Agroforestry adoption 
Indigenous fruit trees 
Nutrient recycling 
Soil/water relations 

Programme 
or Region Duration 

One 4 months 
Five 6 months 
Three 12 months 
Five 12 months 
Malawi 12 months 
Eastern Africa 12 months 
Southern Airica 12 months 



Region 

Africa 

Global 


Globd 

Southern Africa 

Eastern Africa 

Southern Africa 
Eastern and Southern 

Africa 
Africa 

Main Topic 

Faidherbia ilbida 
Agroforestry and soil 
fertility 
Multipurpose-tree 
assessment methods 

Agroforestry research 
for development 
Preliminary results 
and research methods 
Research planning 
Socio-economic 

research methods 
Agroforestry teaching 

Venue and Duration Participants 

Niger: 1 week 40 
Kenya: 3 days 17 

Thailand: 1week 15 

Malawi: 2 weeks 15 

Kenya: 3 days 68 

Zimbabwe: 1week 25 
Kenya: 1week 36 

Kenya: 4 days 14 

Table 60. ICRAF conferences and workshops i.7 1991. 

droforesiry fordistrict extensionists and orga,-
i/ed a one-day natiomal agol'torest ry workshop 
mt Kainp:ila for researcher, and cxtension 
agces. 

At Ll.M .alawi, l('RAForgani/ed two 
',orkshops for extension st afT to learn about 
age;-o Itrestry ain In-ftarin research Methods and 
to plan re.scarcli iip1e tieitnat ion. National sci-
entists collaborIting with ICRAF research pro-
jcts in all coLntries al,o participate rCularly in 
tr; iirg Coures, \vorksios and retcarci plart-
nineL, sessieip',. 

In 199 , the IRA/ICRAF project teani in 
('ameromon trained S( Itfrviiefrs ill l1tirsery tech-
vi(IL Ctiavid tree fhi ti rig IOrli'ICrowk iitercrop-
pitri. N n Iirtietsrs tsablis iCd tiptlanN thce 

riM cLe re s.rid are now raising seedlings. The 
pr jlect staff'Jsvo cotlaborated with IITA'sTest-
ig ;ard liaison I:iit to condutlI a series (f 

training sessiorins and dcmonstratiomns ol tree 
managemernt for fa mers participatil g iri hedge-
row-intereroppilig trials. 

Preparation of teaching
materials 

'raining coursC at IC'RAF hcadquarters and in 
the field are supported by the compilation of 
teachinig ntlealIa Ilectutre nteS, CIsC studies 
atd ,Che.Ied readings. Some of tlis ]aterial is 
prepared in both English and French. By the end 
of 1991, icachim matcrials had been prepared 
for tiC Courses,, on agroltore stry research for de
v i opment, on iheld experimental metlhcds and 
data col LCtiotl. on sicio-economtic research 
m.ethods,, and 011 cOm piteriied dita handling. 

Tiis areia o0 work will expand coisiderably 
in 1992. A five-year projec t is being IaunIchLIed 
It intateri alIs withto develop ag.rol',ire stry leachh 
suIipport from DSO (Nethcrlarid s). Well pro
duced ard widely d istributed agrotorestry 
teaching materials will provide amajorresni.irce 
for national traininrg programines and will fac il
itate the decer ttralization otf ICRAF"; own train
ing activities. 
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A Ph.D. fellow conducting field work with ICRAF's research programme in Malawi takes soil 
samples under Faidherbia albida trees growing on farmers' fields. 

Many universities and agricultural training in-
stitutes in Africa have introduced agroforestry 
courses in recent years, but most teachers and 
curriculurn-development specialists have never 
studied agroforestry themselves and they are 
often uncertain about where to find appropriate 
teaching materials. ICRAF's education pro-
gramme focuse.; on support to agro'orestry 
teaching at the diploma, certificate and post-
graduate levels, 

A project was launched in 1988 to develop 
curricula for agroforestry education in African 
universities, particularly at the M.Sc. level. In 
1990. a related project was introduced to sup-
port agroforestry curriculum development in 
technical colleges at the certificate and diploma 
levels. Both projects were funded by SIDA. 

The university-level project has involved 
,;everal workshops and consultative meetings 

with African academics. In 1991, project staff 
visited the University of Science and Technol
ogy at Kumasi, Ghana, the University of 
Zimbabwe, the University of Zambia, and the 
University of Nalawi's Bunda College of Agri
culture. 

These meetings, combined with consulta
tions in 1990, have resulted in the formulation 
ofa model curriculum for an M.Sc. programme 
in agroforestry. In addition, curricula have been 
developed for M.Sc. programmes in agriculture, 
forestry and livestock production with strong 
agroforestry components. 

Between 50 7 and 807 of graduates from 
technical institutions work as government ex
tension officers or as field staff in non-govern
mental organizations, suggesting that support 
for agroforestry education at technical colleges 
has ai important impact on farmers. In 1991, 
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A farmerpractising agroforestryin western 

Kenya discusses soil-fertility problems 


with a field technician. 


ICRAF's technical education project included 
consultative visits to 10 in:titutions in eight 
countries of Easternand Southern Africa These 
technical training colleges all teach aspects of 
agroforestry, but they lack textbooks, teaching 
material and instructions for field exercises, and 
their teaching staff lack specific agroforestry 
training. 

As a step towards filling these gaps. 14 lec-
turers and teachers from universities and tech-
nical colleges in Ethiopia, Kenya, Malawi, 
Tanzania and Zambia took part in ICRAF's 
introductory course on agroforestry research for 
developmct in October 1991. These partici-
pants stayed on for a four-day workshop after 
the course to discuss teaching methods for 

with a focus on field exercises and 
material. The workshop was spon

sored by SIDA, FAO and the Finish Intema
tional Development Agency (FINNIDA). 

The workshop participants reviewed a num
of model curricula and teaching materials 

and cvalua!ed their suitability for their home 
institutions. They recommended changes and 
suggested guidelines for further curr,:ulum de
velopment and material preparation. 

This approach--combining participation in 
a general course on agroforestry with a subse
quent workshop on agroforestry teaching
turned out to be an effective way to train 
teaching staff' The participants particularly ap
precia:ed the opportunity to meet the research 
scientists who also participated in the 
agrolorestry course. 

During 1991, the pcst-graduate diploma 
course in agroforestry at Ghana's University of 
Scienc,_- and Technology expanded into a full 
M.Sc degree programme with the registration 
of live students. This initiative may provide a 
model for post-graduate degree programmes in 
other African universities. ICRAF is providing 
teaching materials and opportunities for field 
work through collaborative research pro
grammes in tie region. 

Based on current work in aoroforetry edu
cation at the university and technical-college 
levels, a prorosal for a larger project to support
agroforestry education was finalized in 1991 
and submitted for donor funding. The goals are 
to establish an African Network for 
Agroforestry Education (ANAFE), based at 
ICRAF headquarters, and to support im
plementation of the model curricula that have 
been developed. 

ANAFE will be open to institutions and staff 
members involved in professional and technical 
agroforestry education in Africa. In addition to 
normal network activities-such as meetings, 
exchange programmes and information shar
ing-the project will include components for 
long- and short-term teacher training and devel
opment of instructional materials. 
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In 1991, ICRAF gained access to two major bibliographic databases on CD-Rom, sbbstantially
increasing the information resources available to staff and collaborating scientists. 

The prinlary objective of ICRAF's Infornmition 
and Documentation Pi )granne is to advance 
agroforetry research and development through 
tie identification, acquisition, processing and 
dissemination of information. The audience is 
wide---including agroforestry researchers, 
trainers, policy makers and development 
agents. ICRAF specialists are also working to 
strenwien the agroforestry informatior-nan-
agement capabilities of national institutions 
through training, advice and computer support. 

Expanding ICRAF's information 
resources 
One major activity in 1991 was the restructuring 
and verification of iCRAF's in-house biblio-

graphic di,.abase-AFBIB. At the same time, 
about 2500 new records were entered into the 
database during the year, bringing the total site 
to 20,000. AFBIB should he ready for dissemi
nation to selected institutions in 1992. 

The range of bibliographic information 
available at ICRAF increased substantially in 
1991 with the acquisition of txso bibliographic 
databases on CD-ROM. These are CAB ,41
strcts, containing abstracts, bibliographic de
tails and indexing f'rornnearly 50 abstracting 
journals published by CA, International 
(CABI) in the UK and KITAhstracts, contain
ing all abstracts published in Ahstrtsm Trop
ical Agriculture and Abstructs on Rural 
Development in the Tropics by the Royal Trop
ical Institute of the Netherlands. Between then, 
these tw o databases contain millions of records 



from the literature on tropical agriculture and 
forestry. 

These two acquisitions enhance ICRAF's 
other outside information resources-the 
databases of the United States )epartment of 
Agriculture (AGRICOLA) and FAO's Interna-
tional Information System for Agricultural Sci-
ences and Technology (AGRIS). ICRAF also 
released its own Multiprpose Tree anl Shrutd 
Databasein 1991 

During thL year, ICRAF's library subscribed 
to I I I journals and acquired more than 800 
books and 2 100 reprints, bringing the total col-
lection to 6800 books and 15,000 reprints. Most 
titles are selected on the recommendation of the 
scientific staff. 

Improving information services 
and products 
In 1991, information staff undertook a major 
review aimed at improving the range and quality 
of ICRAF's information services. One specific 
objective was toexpand services to agroforestry 
research and training institutions inAsia and 
Latin America. 

Using the in-house and extrnal databases 
plus the library resources available at ICRAF. 
information staff provide several different ser-
vices and products. In 1991, they responded to 
nearly 500 requests for literature searches, as 
well as about 80 requests for infornnation from 
dile Multipurpose 7Tree and Shrub database. 

The information and documentation team 
publishes and distributes a Bimonthlv Acces-
sions List to 335 libraries and individuals world-
wide. This periodical was considerably 
enhanced in 1991 with the addition of informa
tive abstracts. Information staff also helped pre
pare and publish an annotated bibliography,
Agr 'orestryfir Development in Kenya, cover-

ing 345 documents from ICRAF's in-house 
database. 

ICRAF copublishes a quarterly abstracting 
journal, Agrojrfest'vAhstracts,with CABI. In 
addition to providing review articles and iden-
tifying suitable documents to cover in the jour-
nal, ICRAF sponsors 500 free subscriptions to 
key research institutes and individuals around 
the world. CABI provides abstracts and biblio-

graphic information from the journal on diskette 
for inclusion in ICRAFs in-house database. 

ICRAF also copublishes the international 
journal.IA 'ru?/''stv.tS'ys,',nts,and provides 120 
subscriptions to selected research institutions in 
developing countries free or en an exchange 
basis. An important component of ICRAF's in
ternal review of informat.on services in 1991 
was a detailed survey of the recipients of 
A ,ofincxsttv "Abstracts,Agr /resrv svs'tens 
and the Biminthlt A"cvssins Lis. 

The information and documentation staff 
serve as a focal point for agroforestry informa
tion within the United Nations Environment 
Programme's (UNEP) environmental informa
tion network--INI-OTERRA. Information staff 
also provide material to FAO's AGRIS database 
and serve as a distribution point for Micro 
CDS/ISIS. the textual database management 
package developed by the United Nations Edu
cational, Scientific and Cultural Organization 
(UNESCO). In 1991. ICRAF issued copies of 
this important ddcumentation toiol to eight insti
tutions in Africa. 

ICRAF's selective dissemination of infor
mlation (SDI)service isbeing expanded to in
elude coverage of external databases. 
Information staff prepared a new information 
form for wide distribution to provide a basis for 
user profiles. When fully operational, aselected 
group of agroforestry researchers will receive 
ICRAF's SDI service-known as Agro/'restrv 
Updates--on a monthly basis. 

The ICRAF library also improved its ser
vices during the year. This has involved extend
ing the open hours, providing user access to the 
CD-ROM databases, and improving the photo
copy service. 

Strengthening nationalinformation-management 
capabilities 

ICRAF provides training, profc:;sional advice 
and other assistance to help strengthen the ca
pacity of national research systems to manage 
and disseminate inforiation on agroforestry. In 
199 1,the major focus was on the French-speak
ing countries participating in the SALWA re
gion. This work was funded by CIDA. 

http:informat.on
http:journal.IA
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In November 1991, the Communications Programme organized an International Centres Day 
to celebrate ICRAF's entry into the CGIAR. The International Plant Genetic Research Institute 

(IPGRI) was one of 11 participating research organizations. 

The Communications FProgramme helps ensure 
that agro'orestry research results, information 
about agrofcrestry development activities and 
general information about ICRAF all reach a 
range of appropriate target audiences. These 
include researchers, development specialists, 
policy makers, trainers, educators and ex-
tensionists, in addition to the broader public 
around the world, 

ro meet these goals, coin illunicat ions activ-
ities include publication, translation, distribu-
tion, aLdiovisual production and services, alid 
public awareness. All coninnilications work is 
conducted in close collaboration with ICRAF's 
research and training programmes. 

Publications in 1991 

ICRAF staff contribute to the international lit-
erature on agroforestry through journal articles, 
scholarly books and conference papers. In 199 1, 
staff memnbers published 20 articles in refereed 

journals, I I articles iii ICRAF's magazine 
Agrowestri Today, five books and two con
puter software packages. 

ICRAF's maJor periodical publications are 
tilequarterly magazine, Agr/o'restv /'oda , 
and the annual report. ICRAF also publishes 
monographs, computer program,:, conference 
proceedings, field guides, sourcebooks and an
notated bibliographies on different aspects of 
agroforestry. 

Produced for a broad audience, Alc,rq/irestr.v 
Toe"v serves both acolninunicaions and a pro
motional [unction. Articles cover tile field of 
agroforestry as a whole, not just activities at 
ICRAF, with substantial contributions from re
searchers and development workers illover the 
world. IIalf of the magazine is devoted to fea
ture articles and the other half to departments. 
including letters from readers, nex, s itens, a 
question-aiid -answer section. book reviews, 
and notice, of conferences and training courses. 

File annual report contains information for 
readers concerned more specifically with 



ICRAF. As more results become available from 
ICRAF's strategic and collaborative research 
programmes, the annual report is becoming a 
f'orunl for substantial reports on agroforestry 
research ill different ecological zones, 

lin addition to its own periodicals, ICRAF 
copublishes ., p,' irestr' Systems, an interna-
tional scholarly journal, with Kluwer Academic 
publishers in the Netherlands. ICRAF scientists 
are frequent contributors to the journal and se-
nior staff play a major role iil tile journal's 
peer-review and policy-making functions. 

Eight major book-length publications ap-
peared in I991. One of these .A Tree./iw All 
Rehasons. is a field Manual for the introduction 
and evaluation ofnmltipurpose trees. This 16X-
page guidebook isdesigned to help agroforestry 
field workers evaluate tree survival and early 
growth, as evidence of site adaptability, and 
assess tree phenology and morphology, as imdi-
Cations of suitabilitv for specific agroforestry 
technologies. The manual includes a checklist 
of principle tree characteristics and products, a 
list of tree assessments with sample formats, 
detailed "how-to' explanat ions of appr(;priate 
experimental designs, and sunmary plans for 
10 types of experiment. 

ICRAF's Multipurpose Tree and Shrub 
Database.also published ii 1991, is a Coinpu-
terized so ftware package containing practical 
infnormation oii 1)93 woody species suitable for 
agrol'orestry in tile tropics and subtropics. A 
companion 336-page sOurcebook. Multipur-
pose Trees and Shruhs: Sources " Seeds and 
hmoculants, identilies seed sources for more 
than 900 woody species, plus inoculhIIts to ta-
cilitate biological nitrogen fixation. 

Another research tool released ill 1991 was 
version 2.1 of l)atachain, a computer program 
designed for recording and processing tie coii-
plex data that typically emanate from 
agroforestry field experiments. Datachain helps 
tile researcher specify an experimental design. 
enter values ue asu red in the field, and select, 
sort, combine and convert these values in prep-
aratiion for statistical analysis. Once preprocess-
ing is compIeted, Datachain writes programs for 
passing tile dfata on to an appropriate statistics 
package. Since tile first version was released in 
1989. more than 150 copies of' this software 
have been distributed to national and interna-

tional organizations conducting agrotorestry re
search. 

Members of the scientific and development 
comrmunities ire increasingly concerned with 
understanding how agroforestry systems work 
in farmcrs' fields. With this interest has 
emerged a clear need to identif'y and evaluate 
methods for on-farm agroforestry research and 
to guide researchers towards successful ap
proaches and techniques. To address this need, 
ICRAF organiied a series of reviews culminat
ing in an international workshop held in Naiiobi 
in 1990. with financial support from the Ford 
Foundation. 

A selection of the papers presented at the 
workshop was published in 1991 is a special 
issue of'Agro/lorebstry Systems, and a brief sum
mary of tlie presenitatiOns and discussions was 
published separately by ICRAF. These publica
tions are part of a long-term research commit
meil, which will include a follow-up workshop 
on socio-economic and on-f arm agroforestry 
research iii 1992. 

Apart from contributing to an increasingly 
imiportant area of' agroforestry research, these 
linked publications represent a careful consid
eration of how best to publish material emanat
ing from coinferences and workshops. An 
i cirnational conference on agroforestry in the 
suhh id zone of Sout hern Africa, held in 
1901, ,s ill result i i a similar pair l'publications 
in 1992--a stringent selection of papers will 
appear as a special issue of the international 
journal Forest Ecology and Management and a 
brief sumnnlary of" the conference proceedings 
will be published separately by ICRAF. 

Inlformation on agroforestry tends to he scat
tered among a variety of published and unpub
lished documents. making it difficult for 
researchers to identity and obtain the material 
they need. The broad and varied scope of 
agroforestry as a field of study makes inl'orma
tion tools slch ias bibliographies partictilarly 
Valuable. As part of' an ongoing series, ICRAF 
published two annotated bibliographies in 
1991 -one on tile econonic analysis of 
agrol'orestry technologies and another on tile 
rich array of agroftorestry research and develop
ment work that has taken place in Kenya. 

In addition to these major publications, 
ICRAF achieves rapid and inexpensive dissemn



ination of research results through three series 
of informal reports. These are made available 
forcomment and discussion and to infori inter-
ested colleagues about work in progress. Many 
are eventually revised and published in more 
permanent form. In 1991, ICRAF scientists 
published 17 of the:;e informal documents-
four Working Papers, I I AFRENA Reports, 
and one Training and Education Report. 

Staff of the Communications Programme 
also compile ICRAF's internal newsletter, 
Telicra/ '[his is distributed weekly to all head-
quarters and outposted staff plus members of the 
Board of Trustees. 

Translation and publication 
in French 
In view of the potential role of' agroforestry in 
much of francophone Africa and the valuable 
contribution of several francophone countries to 
the AFRENA programle. ICRAF is strongly 
commiitted to translating major publications 
into Fre:lch. 1i 199 1,the annual report and all 
issues of Aoflr..sr" TodaY were translated 
and published in French. The French edition of 
the magazine. L'agrofln'ueterie aulvourd'hui, is 

more than a simple translation: it is increasingly 
tailored for a francophone audience with rele
vant news items, letters, announcements, calen
dar notes and book reviews. 

In 199 1, ICRAF also published one Working 
Paper, five AFRENA Reports, and various in-
Strutional materials, posters, brochures and 
course notes in French. In addition, translation 
staff continued work on a computeri/ed En
glish-French glossary alqd thesaurus of 
agrofotiestry-related terms. Translation work is 
complemented by a continuous effort to verify 
and expand ICRAF's distribution list of franco
phone readers. 

Distribution 

Airu/4 irestrv Today is distributed free to readers 
around the world. In early 1992. the mailing list 
for the magazine comprised 8743 confirmed 
addresses, a 41/ increase from the beginning 
of 1991 (Table 61 ). 

I1light of this rapid expansion, communica
lions staff are particularly careful to ensure that 
growing printing and distribution costs are well 
justified. Following averification exercise corn
pleted in 1990, all recipients who failed to con-

Table 61. Distribution of Agroforestry Today readers by geographic region, as of March 1992. 

East Africa 

Central Africa 

Southern Africa 

West Africa 

North Aftica 

Total Africa 

Middle East 
South Asia 
Southeast and East Asia 
Oceania 

Total Middle East, Asia 
and Oceania 

1965 
360 
646 

1128
 
65 


4164
 

102 

1022
 
597 

299
 

2020 


South America 357 
Central America 198 
Caribbean 150 

Total South America, 705 
Central America and Caribbean 

North America 831 

Europe 1023 

Overall Total 8743 

Total as of 31 December 1990 6200 
Net Increase in 14.5 months 2543 

Percentage 41% 
Increase In 14.5 months 



fimi their continued interesi in Agrofiwestrv 
Todav were deleted from the mailing list. New 
readers who ask for the magazine are sent a 
single copy with a reader survey form. Only 
when the completed forni is returned are their 
names added to the list for future issues. 

All other ICRAF publications are announced 
in AI.ro/Ore.strv lodav and copies are sent out 
on request. Prices are set on a cost-recovery 
basis but are waived for r;nny readers in dtvel-
oping countries. In 1991, ICRAF distributed 
7914 hooks on request, as well as large numbers 
of reprints. Working Papers, AFRENA Reports 
and other publications, 

In addition to distribution on request, all 
publications are sent to outposted staff, mere-
hers and former members of the Board of Trust-
,es. representatives of donor organizations, and 
specialized libraries, 

Audiovisual and graphic 
production and services 

ICRAF's computerized database of colour 
slides increased from around 5000 to 7744 in 
199 1,reflecting a major effort over the course 
of the yea;r. The collection of black-and-white 
photographs increased front around 5(X)0 to 
7992. More than 150 slides and black-and-white 
photographs were distributed on request, pri-
inarily for use inoutside publications, and 102 
copies of ICRAF's slide sets were sold or given 
away during the year. 

ICRAF's photographs, posters, publications 
and video presentation, The Promise of 
Agr/n0/restry. were featured inseveral exhibi-
lions, agricultural shows, meetings and con-
ferences. Not ihe least was an extensive, 
pennanent photographic exhibit on agroforestry 
and agroforestry research prepared in 1991 for 
I'RAF's headquarters building. Smaller, re-
lated exhibits were prepared for the AFRENA 
offices around Africa. 

Colnmunications staff also provided techni-
cal support for all ICRAF conferences. They 
supplied artwork, desktop-publishing and 
paste-up services for all ICRAF publications. 
and prepared overheads, slides and posters for 
conference presentations by ICRAF staff and 
nalional collaborators. Finally, communica-

tions staff helped ICRAF scientists make pho
tographic records of agroforestry systems and 
experimental work. 

Public awareness 

Many ICRAF staff members are involved in 
promotional activities, to increase public aware
ness of agroforestry and of ICRAF. These in
clude interviews with journalists, preparation of 
press releases, and appearances on local radio 
and television. ICRAF is also an active partici
pant in the global public-awareness campaign 
sponsored by theCGIAR. TheConmunications 
Programme's two major public-awareness ac
tivities in 1991 were the production of a series 
of posters on agroforestry and the organization 
of an lnlernational Centres l)ay itcelebrate 
ICRAF's entry into the CGIAR. 

ICRAF first produced a series of five large 
posters in 1987 to celebrate its tenth anniver
sary. Although these were produced in English 
only and focused on agroforestry activities in 
Kenya, they proved extremely popular with a 
wider audience. 

In 1991, ICRAF produced a new series of 
five posters in English, French and Spanish, 
depicting the benefits of agrolorestry from the 
farmer's viewpoint and illustrating agrolorestry 
activities across a range of continents and cli
matic zones. At the -ame time, the old posters 
were reprinted, so that ICRAF now has a good 
collection of large (84 x 59 cm). colourful dis
play material for distribution to agroforestry 
research and development organizations around 
the world. 

On 19 November 199 1,hundreds of govern
nient officials, acadenics, and staffofnon-gov
ernmental organizations and donor agencies 
came to ICRAF headquarters for International 
Centres Day. Ten other agriculture, livestock, 
environment and forestry research institutes 
working in Kenya joined ICRAF to mount dis
plays, give demonstrations, make talks and 
meet the guests. These were six centres within 
the CGIAR. two United Nations agciies and 
two Kenyan national research institutes--the 
International Laboratory for Research on Ani
tral Diseases (ILRAD), ICRISAT, the Interna
tional Maize and Wheat Improvement Centre 



(CIMMYT). the International Potato Centre 
(CIP), ILCA, IPGRI, UNEP's Glbbal Re-
sources Information )atabase (GRID), 
UNESCO's Tropical Soil Biology and Fertility 
Programme (TSBF), KEFRI and KARl. 

The all-day programme featured displays 
and demonstrations and I seinar on topics of' 
particufar interest to Kenyans. Participating in-
stitutions displayed everything from protozoan 
parasites to furniture made of Kenya wood to 
cormlpu terized environmental monitoring sys-
tears. There was also a special cxhibit ol" bro-
chures and display material from all tie CGIAR 
centres no' represented in Nairobi. The sheaves 
of grain, inultipurpose-tree seedlings and has-
kets of rice, beans, potatoes and cassava clearly 
denionstrated the breadth of research in prog_-
ress when all the international centres join their 
e fforts. The participating institutions have plans. 
Io make International Centres )ay a regular 
event, to be hosted by different centres in [Ie 
group.

In 1991, stafl'of ICRAF's Coiinninicatiois 
Progranme helped produce A'ro/6.strv' a 
mistainah, .s'.tn. a 23-minute television toc-
uoreritary made by the Kenya Broadcasting 
Corporation and featuring ICRAF's research 
work. Comriiuiications staff also prepared an 
ICRfInlpormation Kit with text and photo-
graphic slides and overheads for use by all 
ICRAF staff members when making presenla-
tions. 

Communications staff provide background 
informatio,, arrange field trips and schedule 
interviews fr visiting writers and broadcasters 

that result in publicity on agroforestry for audi
ences overseas. In 1991, ICRAF received a 
radio broadcaster fron the British Broadcasting 
Corporation (BBC), a film crew from the Aus
tralian television series Bevond 2000, and a 
science writer from the German newspaper, Die 
Welt. 

In addition, staff members prepare press re
leases and work with local journalists and tele
vision crews in all tl, countries where strategic 
and collaborative research is in progress. As 
ICRAF does not employ a clipping service, it is 

to0ifficuIt number of articles ongauge tle 
ICRAF appearing in the world press. However, 
in 1991 at least 35 articles on ICRAF appeared 
in national newspapers in India, Kenya, 
Malawi. Mali, Uganda, and Zinibabwe, and five 
articles appeared in international newsletters 
and magazines. ICR AF staft also made several 
appearances on local television. 

Training and institution building 

As resources allow, comlunications staff pro
vide training and support in the f'orm of editing, 
translating, audiovisual services and graphic de
sigi to other sections of ICRAF and to collabo
rating institutions. In 1991, a imember of 
ICRAF's coniirnurnicatiris staffleda session on 
scientific writing for a regional training course 
coMiurcted by AFNETA. Traininz sessions on 
aspects of scientific writing and photography 
were also conducted for ICRAF headquarters 
and Outposted staff'. 
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ICRAF publications are distributed to a wide audience in developed and developing countries. 

A k.eanhpong, E., Gahungu, A. and Ilitim-
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't takes a lot ofpeople to conduct agroforestry research: scientists and field workers with ICRAF's 
collaborative project at the Chalimbana Agricultural Field Station in Zambia. 

Position/Discipline Date Joined Duty
Name (Nationality) (Left) Station 

Office of the Director General 
Dr BjiSrn Lundgren Director General (Sweden) 1.9.81 (31.8.91)' Nairobi 
Mr I-dnund Barrow Senior Scientist/Agrol'orestry (Ireland) 9.1.90 Nairobi 
Dr Peter -uxlev Principal Research Advisor (UK) 4.1.79 Nairobi 
Dr Elizabeth Migongo- Research Officer/ 12.11.90 Nairobi 

Bake Range Management (Kenya) 
Mr George Mbiriri Protocol Officcr (Kenya) 3.6.91 Nairobi 
Dr Pedro Sanchez Director General (USA) 1.10.91 Nairobi 
Mr R. Bruce Scott !)cputy Director General (Canada) 1.1.88 Nairobi 
Mrs Joyce Kasyoki Secretary (Kenya) 13.2.89 Nairobi 
Miss Anne Kinvanjui Bilingual Secretary (Kenya) 10.9.90 Nairobi 
Mr Albert Kirima Messenger (Kenya) 1.7.87 Nairobi 
Miss Terry Knudsen Principal Secretary (Kenya) I. 11.83 Nairobi 
Mrs Florence Mboya Principal Secretary (Kenya) 1.9.78 Nairobi 
Mrs Lucy Munge Cleanerfrea Lady (Kenya) 1.6.88 Nairobi 
Mrs Carmen Rohr Principal Secretary (Nicaragua) 1.11.91 Nairobi 

Finance and Administration 
Mr )erek Sickelmore Director of Finance 1.1.86 Nairobi 

and Administration (UK) 



Position/Discipline Date Joined Duty 
Name (Nationality) 

Mr Augustine Agh.ulor Head of Finance (Nigeria) 
Mr Ramneek Bhabra 
Mr Jairos Granados 
Mrs Virginia Gu(rrero 
Mr George Maina 
Mrs Neena Sood 

Miss Alyce Achungo 
Mr Julius Akhatsika 
Mrs Frashia Chege 
Mrs Margaret DeSouza 
Mr Iawi Gakornbe 
Mr Ernest Gatoru 
Mr John Gitau 
Mr Bernard [lware 
Mr Isatac Inanga 
Mr Barnabas Inyaa 
Mr Theophilus Ivati 
Mrs Margaret Kabaya 
Mr James Kagiri 
Mrs Dorothy Kainaan 
Mr Thaddeus Kamundi 
Mr Joseph Kanyoiyo 
Mr Peter Kang'etie 
Mr Pe'or Kanyasya 

Mr James Kariuki 
Mrs Bithia Kedng'e 
Mr Kariuki King'aru 

Mr Michael Kuria 
Mr Hudson Luvinzu 
Mr Arthur Makindu 
Mr John Mbugua 
Mr William Mburu 
Mr David Michino 
Miss Jane Moraa 
Mr Josphat Muli 
Mr Daniel Mungai 
Mr David Musili 
Miss Margaret Mutua 

Mrs Wanjiru Nduati 
Mr Francis Ndungu 
Mrs Teresia Ng'ang'a 
Miss Faith Ngari 
Mrs Grace Ngugi 

Head of Operations (Kenya) 

Inforniation Systems Manager (Colombia) 

IHead of Human Resources (Venezuela) 

Financial Accountant (Kenya) 

Assoc:ate Travel and Conference 


Officer (Iran)
 
Senior Sccretary (Kenya) 

Cleaner (Kenya) 

Tea Lady/Cleaner (Kenya) 

Personnel Assistant (Kenya) 

Cleaner (Kenya) 
Assistant Accountant-Projects (Kenya) 
Mail/Filing Clerk (Kenya) 
Photocopy Operator (Kenya) 
Driver (Kenya) 
Administrative Of"icor-Operations (Kenya) 
Mechanic (Kenya) 
T,-a Lady/Cleaner (Kenya) 
Photocopy Operator (Kenya) 
Receptionistflelex Operator (Kenya) 
Computer Operator (Kenya) 
Senior Driver (Kenya) 
[)river (Kenya) 
Assistant Accountant-General 

Ledgers (Kenya) 
Driver (Kenya) 
Principal Secretary (Kenya) 
Administrative Assistant-
Transport (Kenya) 

Storekeeper (Kenya) 
Cleaner (Kenya) 
Cashier (Kenya) 
Messenger (Kenya) 
Disbursement Clerk (Kenya) 
Accounts Clerk-Receivables (Kenya) 
Filing Clerk (Kenya) 
Carpen;.er (Kenya) 

Cashier(Kenya) 

Cleaner (Kenya) 

Information Systems Assistant-

Accounts (Kenya) 

Secretary (Kenya) 

Senior Messenger (Kenya) 

Secretary (Kenya) 

Tea Lady/Cleaner (Kenya) 

ReceptionistfTelex Operator (Kenya) 


(Left) Station 

1.8.89 Nairobi 
17.9.90 Nairobi 
1.12.90 Nairobi 
1.4.89 Nairobi 
1.10.89 Nairobi 
1.11.89 Nairobi 

9.8.90 Nairobi 
1.11.85 Nairobi 
1.7.87 Nairobi 
1.10.87 Nairobi 
1.7.87 Nairobi 
1.9.88 Nairobi 
1.3.84 Nairobi 
15.7.87 Nairobi 
1.8.91 Nairobi 
7.6.91 Nairobi 
1.7.81 Nairobi 
1.6.90 Nairobi 
1.10.85 Nairobi 
1.8.87 Nairobi 
1.8.88 Nairobi 
1.1.91 Nairobi 
1.6.87 (18.11.91) Nairobi 
15.9.89 Nairobi 

1.7.87 Nairobi 
1.3.86 Nairobi 
1.9.87 Nairobi 

1.9.83 Nairobi 
1.8.88 Nairobi 
1.1.88 (28.2.91) Nairobi 
1.1 1.85 (30.11.91) Nairobi 
20.2.90 Nairobi 
1.8.88 Nairobi 
1.7.87 Nairobi 
1.10.87 Nairobi 
2.9.91 (19.11.91) Nairobi 
1.10.87 Nairobi 
1.10.85 Nairobi 

1.10.91 (31.12.91) Nairobi 
1.2.85 Nairobi 
1.8.86 Nairobi 
1.6.83 Nairobi 
1.8.87 Nairobi 
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Name 
Position/Discipline 

(Nationality) 
Date Joined 

(Left) 
Duty 

Station 

Miss Gladwell Njenga Senior Secretary (Kenya) 1.1.91 Nairobi 
Mrs Irene Njiraini Assistant Accountant-Projects (Kenya) 1.3.90 Nairobi 
Mr David Nyaga Messenger (Kenya) 1.12.87 Nairobi 
Mr Banabas Senior Driver (Kenya) 1.5.88 Nairobi 

Nyachienga 
Mr Anthony Okello Electrician (Kenya) 1.11.87 Nairobi 
Mrs Margaret Oluoch Assistant Accountant-Payroll (Kenya) 19.9.83 Nairobi 
Miss Catherine Omega Cleaner (Kenya) 19.3.90 Nairobi 
Mr Samuel Oniondi Junior Carpenter (Kenya) 1.10.90 Nairobi 
Mr John Opande Driver (Kenya) 1.10.87 (15.6.91) Nairobi 
Ms Rose TIo Senior Secretary (Kenya) 24.8.87 Nairobi 
Mrs Lucy Wamhua Procurement Clerk (Kenya) 1.4.83 Nairobi 
Nis Lucy Wanjau Receptionist (Kenya) 1.6.87 Nairobi 
Mr Humprey Wanjohi Cleaner (Kenya) 1.11.88 Nairobi 

Research Division 
Dr Peter Cooper Divisional Director/Agronomy (UK) 1.11.90 Nairobi 
Mr Elijah Akunda Research Officer/Crop Physiology (Kenya) 1.1.86 Nairobi 
Dr Ekow Akyeampong Scientist/Agronomy (Ghana) 1.1.87 Burundi 
Dr Marcelino Avila Principal Scientist/ 13.7.87 Nairobi 

Dr Bahiru Duguma 
Agricultural Economics (Belize) 

Scientist/Forestry (Ethiopia) 1.2.87 Cameroon 
Mr Bashir Jama Research Assistant (Kenya) 1.9.86 Nairobi 
Dr Dale Bandy Coordinator-Latin America and Asia (USA) 1.11.91 Nairobi 

Dr Michel Baumer Senior Scientist/Range Management 1.9.83 (31.12.91) Nairobi 
(France) 

Dr Douglas Boland Senior Scientist/Silviculture (Australia) 1.1.91 Nairobi 
Dr Eduard Bonkoungou Regional Coordinator/Ecology 1.7.90 Burkina 

(Burkina Faso) Faso 
Ms El isabeth Research Associate/Agronomy 6.11.89 (31.10.91) Cameroon 

von Capeller (Switzerland) 
Mr Peter von Carlowitz Senior Research Scientist/Forestry 26.6.82 (30.6.91) Nairobi 

(GTZ) (Germany) 
Mr Richard Coe Senior Scientisf/Biometry/Statistics (UK) 15.10.90 Nairobi 
Dr Mamadou Djimdd Scientist/Animal Science (Mali) 1.5.85 Nairobi 
Dr Belson Dzowela Senior Scientis/Agroforestry (Malawi) 1.2.91 
Ms Marie-Paul Scientist/Forestry (France) 5.5.91 Kaku) uni 

Enilorac 
Mr Francis Esegu Consultant (Uganda) 1.2.91 Maseno 
Dr Steve Franzel Senior Scientist/Agricultural 1.5.91 Nairobi 

Economics (USA) 
Mr Arne Heineman Research Associate/Forestry (Netherlands) 17.11.87 Maseno 
Mr Dirk Hoekstra Regional Coordinator/Agricultural 1.3.82 Nairobi 

Economics (Netherlands) 
Dr Cherrnor Kamara Senior Scientist/Soil Science (Sierra Leone) 1.9.88 Zambia 



Position/Discipline Date Joined Duty 
Name (Nationality) (Left) Station 

Dr Moses Karachi Scientist/Agronomy (Kenya) 1.8.88 Tanzania 
Mr Paul Kiepe Research Associate/Soil Science 12.10.87 Nairobi 

(Netherlands) 
Dr Freddie Kwesiga Senior Scientist/Forestry (Uganda) 1.4.85 Zambia 
Dr David Ladipo Scientist/Agroforestry (Nigeria) 1.11.90 Nigeria 
Dr Jumanne Maghembe Senior Scientist/Forestry (Tanzania) 1.6.87 Malawi 
Mr. Jeremiah Maroko Associate Research Officer/Soil Science 1.1.91 Nairobi 

(Kenya) 
Dr Susan MinaC Scientist/Socio-Economics (Kenya) 1.8.85 Malawi 
Mr Peter Muraya Research Officer/Computer Applications 1.5.85 Nairobi 

(Kenya) 
Dr David Ngugi Regional Coordinator/Agronony (Kenya) 1.11.85 Malawi 
Mr Amadou Niang Scientist/Forestry (Senegal) 15.1.89 Rwanda 
Mr Peter Oduol Associate Research Officer/Forestry 1.10.85 (30.6.91) Nairobi 

(Kenya) 
Ms Eva Ohlsson Research Associate/Agronomy (Sweden) 1.1.90 Maseno 
Dr Michael O'Neil Senior Scientist/Agroforestry (USA) 17.10.91 Embu 
Dr Chin Ong Senior Scientist/Crop Physiology/ 1.5.91 Nairobi 

Microcl imatology (Malaysia) 
Dr Robert Otsyina Scientist/Agroforestry (Ghana) 1.6.91 Tanzania 
Dr Frederick Owino Senior Scientistffree Breeding (Kenya) 10.8.87 Nairobi 
Mr Barrack Owuor Associate Research Officer/Tree Breeding 1.1.89 Maseno 

(Kenya) 
Mrs Geeta Patel Associate Administrative Officer (Kenya) 26.1.88 Nairobi 

Dr Donald Peden 3onic:, Scientist/Range Management 21.4.89 Uganda 
Canada) 

Mr Andrew Pinney Graduate Fcllow (UK) 9.5.87 Nairobi 
Mr liendrik Prins Research Associate/Forestry (Netherlands) 1.1.88 Malawi 
Dr Mek.i Rao Principal Scientist/Experimnental 1.6.88 Nairobi 

Agronomy (India) 
Dr Keith Shepherd Scientist/Agronomy (Rockefeller) (UK) 14.12.89 Nairobi 
Ms Erika Styger Research Associate/Entomology 15.1.90 Rwanda 

(Switzerland) 
Mr Rob Swinkels Research Associate/Agricultural 12.5.89 Maseno 

Economics (Netherlands) 
Mr Henricus Thijssen Associate Expert/Agriculture (Netherlands) 5.6.88 Nairobi 
Dr Emmanuel Seni(,r Scientist/Forest Ecology (France) 9.10.87 Nairobi 

Torquebiau 
Mr Dennis Wambugu Associate Research Officer/Agronomy 1.12.82 Nairobi 

(Kenya) 
Dr John Weber Scienilst/Forestry (USA) 2.9.91 Niger 
Mr Gregory Wolf Scientist/Forestry (GTZ) (Germany) 4.11.86 (30.6.91) Nairobi 
Dr Anthony Young Principal Scientist/Soil Science (UK) 4.1.83 Nairobi 
Mrs Halima Abdalla Principal Secretary (Kenya) 1.7.88 Narobi 
Mrs Zarina Dossa Senior Secretary (Kenya) 7.5.90 Nairobi 
Miss Hannah Gitere Tea Lady/Cleaner (Kenya) 1.8.87 Nairobi 



Position/Discipline Date Joined Duty 
Name (Nationality) (Left) Station 

Miss Peniah Hassan Bilingual Secretary (Kenya) 1.5.90 Nairobi 
Ms Margaret Kiarie Secretary (Kenya) 1.6.90 Nairobi 
Mrs Josina Kimotho Secretary (Kenya) 1.9.86 Nairobi 
Mr Obadiah Kyunguti Field Assistant (Kenya) 15.10.91 Muguga 
Mrs Thecla Lohay Administrative Assistant (Kenya) 1.6.84 Nairobi 
Mr Abel Mageto Messenger (Kenya) 15.7.87 Nairobi 
Miss Stella Muasya Secretary (Kenya) 26.8.82 Nairobi 
Ms Claire Momoh Senior Bilingual Secretary (Kenya) 1.3.88 Nairobi 
Mrs Jennifer Muriuki Secretary (Kenya) I. 1.89 Nairobi 
,Miss Laura Senior Bilingual Secretary (Kenya) 1.2.88 Nairobi 

Mwandawiro 
Mrs 'Fudith Njagi Secretary (Kenya) 1.1.89 Nairobi 
Mr /alles Obande Field Attendant (Kenya) 10.2.89 Maseno 
Mr, Sarah Okoth Secretary (Kenya) 1.8.87 Nairobi 
M s Jane Waweru Senior Sccretary (Kenya) 1.3.80 Nairobi 
Mr Paul Waweru Senior Driver (Kenya) 1.1.79 Nairobi 

Field Station-Machakos 
Mr Peler Kurira Assistant Research Olficcr/Farni Manager 1.8.81 Machakos 

(Kenya) 
Mr Moses Mathuva Associate Research Officer/Agronomy 1.6.89 Machakos 

(Kenya) 
Mr Paul Ambani Senior Field Assistant (Kenya) 1.9.88 Machakos 
Mr Robin Chacha 
Mr Kennedy Chondo 

Labourer (Kenya) 
Labourer (Kenya) 

1.6.91 
1.1.88 

Muguga 
Machakos 

Mr Boniface Kamba Labourer (Kenya) I. 1.88 Machakos 
Mr G'corge Kiilu Labourer (Kenya) 1.1.83 Machakos 
Mr George Kilonto Gardener (Kenya) 1.9.88 Machakos 
Mr Sammy Kiriau Field Attendant (Kenya) 1.8.91 Machakos 
Mr Mulhoka Kioko Labourer Kenya) 1.1.88 Machakos 
Mr Japheth Kyengo Fiekl Attendant (Kenya) 1.5.89 Machakos 
Mr William Kyule Labourer (Kenya) 8.9.81 Machakos 
Mr Elijah Letaulo Labourer (Kenya) 1.1.88 Machakos 
Mr Nulthoka Mailu Field Attendant (Kenya) 1.7.90 Machakos 
Mr John Malonzah Labourer (Kenya) 1.7.88 Machakos 
Mr Peter Mbiti Field Assistant (Kenya) 1.9.86 Machakos 
Mr Samuel Muga 
Mr J sfiua Mulinge 
Mr Zakayo Musembi 

Labourer (Kenya) 
Laboratory Al endant (Kenya) 
Labourer (Ken)a) 

1.8.91 
1.8.91 
1.7.88 

Muguga 
M uguga 
Machakos 

Mr Elijah Mutinda Labourer (Ken ' a) 8.1.88 Machakos 
Mr Patrick MIutua LaboUrt'r (Kenya) 20.1.88 Machakos 
Mr Leonard Mutunga Labourer (Kenya) I. 1.88 Machakos 
Mr Giibert Mwasambu Field Assistant (Kenya) 1.12.82 Machakos 
Mr Maweu Ndambuki Labourer (Kenya) 1.1.88 Machakos 
Mr Muli Ndiku Labaurer (Kenya) 1.1.91 Machakos 
Mr Philip Nzioka Labourer (Kenya) 1.7.88 Machakos 



Position/Discipline Date Joined Duty 
Name (Nationality) (Left) Station 

Mr Thomas Ondieki Labourer (Kenya) I 1.88 Machakos 
Mr Gregory Waema Labourer (Kenya) 1.1.90 Machakos 

Training and Information Division 
Dr Ester Zu Iberti Divisional Director/Education (Argentina) 26.4.82 Nairobi 
Dr E.O. Asare Senior Visiting Fellow/Agronomy 19.2.89 (27.2.91) Nairobi 

(SIDA) (Ghana) 
Mr Jan Beniest Scientist/ort iculture (Belgium) 16.1.89 Nairobi 
Mr Bot'ete Bondole Associate Information Officer (Zaire) 7.3.88 Nairobi 
Mr David Brett Editor/Writer (ALtralia) 4.8.90 Nairobi 
Mr Michael Hlailu Coordinator/Information (Ethiopia) 1.3.91 Nairobi 
Mr Bjorn lansson Research Associate/Curriculum 1.3.90 Nairobi 

Development (Sweden) 
Ms Kellen Kebaara Assistant Editorial Officer (Kenya) 3.12.84 Nairobi 
Mr Jimmy Kiio Training and Inforniation Officer (Kenya) 3.6.91 Nairobi 
Ms Annie Leymarie French Translator/Reviser (France) 1.9.S8 (31.12.91) Nairobi 
Mrs Milcah Mbindvo Associate Administrative Officer (Kenya) 19.9.88 Nairobi 
Mr Stephen Mburu Associate Information Officer/ I.1.89 Nairobi 

Computer Programmer (Kenya) 
Mrs tHilda Munyua Information Officer (Kenya) 1.5.86 Nairobi 
Mr Anthony Njenga Associa'c Audiovisual Officer (Kenya) 1.2.88 Nairobi 
Ms Damary Odanga Assistant Graphic Arts Officer (Kenya) 5.10.88 Nairobi 
Mr Stephen Okeno Library Coordinator (Kenya) 25.1.82 Nairobi 
Ms Lucille Teemba Information Officer (Kenya) 1.3.79 Nairobi 
Mr James Wahonle Research Officer/Animal Science (Kenya) 1.8.84 Nairobi 
Ms Sidney B. Westley Cootdinator/Communications (LISA) 1.8.88 Nairobi 
Mrs Alice Aduol Senior Secretary (Kenya) 1.9.86 Nairobi 
Mr Bainitus Alenga Graphic Technician (Kenya) 18.8.90 Nairobi 
Mrs Lucy Chege Secretary (Kenya) 1.1.85 Nairobi 
Mrs Eunice Gimode Principal Bilingual Secretary (Kenya) 9.11.87 Nairobi 
Miss Rebecca Kairu Secretary (Kenya) 17.6.91 Nairobi 
Ms Marion Kanyugo Senior Secretary (Kenya) 18.10.89 Nairobi 
Mrs Colleen Bilinguai Secr.tary 1.7.90 Nairobi 

Kirmwenweh 
Mrs Marie Kimenye Secretary (Kenya) 1.8.86 Nairobi 
Mr Samuel Maina Messenger (Kenya) 1.11.85 Nairobi 
Mrs Janet Muga Secretary (Kenya) 1.1.88 Nairobi 
Miss Ezzy Muhenge Secretary (Kenya) 1.9.86 Nairobi 
Mr Alfred Mureithi Library Assistant (Kenya) 1.1.89 Nairobi 
Ms Mercy Mwangi Senior Bilingual Secretary (Kenya) 1.11.88 Nairobi 
Mrs Josephine Ngugi Junior Docunentalist (Kenya) 1.4.91 Nairobi 
Miss Lucy Ngugi Secretary (Kenya) 3.6.91 Nairobi 
Miss Dolly Ogonda Bilingual Secretary (Kenya) 10.9.90 (9.6.91) Nairobi 
Miss Marie Song'e Bilingual Secretary (Kenya) 13.5.91 Nairobi 
Mrs Penina Wandhala Tea Lady/Cleaner (Kenya) 1.11.85 Nairobi 



CORE FUND-REVENUE AND EXPENDITURE ACCOUNT
 
FOR THE YEAR ENDED 31 DECEMBER 

Revenue
 
Unrestricted core grants

Restricted project grants

Sundry income 


Total revenue 

Expenditure
Research 

Training and information 

Board and management 

Finance and administration 

Depreciation of capital assets 


Total expenditure 

Surplus (deficit) of revenue over expenditure 
for the year before the following items: 

Provision for renewal of fixed assets 
Provision for budget deficit 
Transfer from funds invested in fixed assets 

Surplus (deficit) for the year 

Statement of accumulated core funds 
Balance as at 1 January 

Surplus (deficit) for the year 


Balance as at 31 December 

1991 

1991 1990 
(US$'o00) (US$'000) 

4771 4050
 
5982 4982
 
243 251
 

10996 	 9283
 

5690 5267
 
2360 1485
 
1078 703
 
1481 1077
 
340 1207
 

10949 	 9739
 

47 	 (456) 

(120) 	 
250 (250) 
- 1207 

177 	 501
 

(165) (666)
 
177 501
 

12 	 (165) 

Note: The complete 1991 audited financial statements will be supplied upon request. 
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BALANCE SHEET AT 31 DECEMBER 


Fixed assets 

Current assets 
Stocks 
Donor debtors 
Other debtors and prepaid expenses 
Bank balances and cash 

Current liabilities 
Restricted projects fund 
Donations received in advance 
Creditors and accrued charges 

Net current assets (liabilities) 

Net assets 

Funded by:
Funds invested in fixed assets 
Capital fund 
Core funds 
Long-term loan 

1991 

1991 
(US$'000) 

3663 

96 
938 
594 
761 

2389 


494 
217 

1543 

2254 


135 

3798 

3663 
32 
12 
91 

3798 


1990 
(US$'000) 

70 
949 
707 

1026 

2752
 

773 
784 

1223 

2780
 

(28) 

2971 

2999 
-

(165) 
137 

2971
 



STATEMENT OF CHANGES INFINANCIAL POSITION 
FOR THE YEAR ENDED 31 DECEMBER 1991 

1991 1990
 
(US$'000) (US$'000)
 

Source of funds 
Surplus (deficit) for the year 177 
 501
 

Adjustment for items not involving movement of funds: 
Depreciation of fixed assets 
Provision for renewal of fixed assets 

Funds generated from operations 

Funds from other sources 
Increase infunds invested infixed assets 
Increase indonations received inadvance 
Decrease indebtors and prepaid expenses 
Increase increditors 
Decraase indonor debtors 
Proceeds from sale of fixed assets 

Application of funds 
Additions to fixed assets 
Decrease inlong-term loan 
Increase instock and goods in transit 
Increase indonor debtors 
Increase indebtors and prepaid expenses
Decrease inrestricted projects fund 
Decrease indonations received inadvance 
Decrease infixed assets 

Changes innet liquid funds
(Decrease)/Increase incash 

and bank balances
 

340 1207
 
120 

637 1708
 

664 423
 
- 784 
113
 
320 472
 

11 
50 

1795 3387
 

1142 423
 
46 43
 
26 28
 

- 506
 
- 68
 
279 493
 
567
 
- 1207
 

2060 2768
 

(265) 619
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CORE SUPPORT GRANTS FOR 1990 AND 1991
 

Canada (CIDA) 
Japan 
Netherlands 
Sweden (SIDA) 
Finland (FINNIDA) 
Switzerland 
Norway 
Australia 
African Development Bank 
Sweden 
World Bank (IBRD) 
Germany 
Belgium 
Fod Foundation 
France 


Total 

1991 1990 
(US$'000) (US$'000) 

867 825 
493 415
 
409 399 
397 
393 294 
354 290 
305 309 
296 183 
250 250 
234 244 
230 460 
173 
150 162 
150 150 
61 69 

4771 4050 

RESTRICTED PROJECT GRANTS FOR 1990 AND 1991 
1991 1990 

(US$'000) (US$'000) 

Canada (CIDA) 1932 946 
United States of America (USAID) 1114 1123 
German Ministry for Economic Cooperation (BMZ) 443 279 
Rockefeller Foundation 385 34 
International Fund for Agricultural 353 500 

Development (IFAD)
Norwegian Agency for International Development 299 170 

(NORAD)
International Development Research Centre (IDRC) 254 270 
Direct Support to Training Institutes in Developing 212 185 
Countries (DSO)-Netherlands

Denmark 120 -
Overseas Developrrent Association (ODA)-UK 116 
Switzerland 112 125 
Sweden (SIDA) 102 635 
Swedish Agency for Research Cooperation 67 245 
with Developing Countries (SAREC)

Ford Foundation 43 98 
France - 75 
Australia (AIDAB) - 42 
Other 430 255
 

Total 5982 4982 



ANALYSIS OF RESTRICTED PROJECT FUNDS AT 31 DECEMBER 1991 (US dollars) 

Balance 
Income 

Received 
Income 
Accrued 

Total 
Available Personnel 

Supplies
and 

Fixed 
Assets Total 

at 1.1.1991 1991 1991 1991 Costs Services Travel Purchases Expenditure Balance 

Ford Foundation 
Graduate Training 
India-Bangladesh 

14202 
50985 

-
-

-
-

14202 
50 985 

74 
26 538 

-
10 387 

-
14060 

-
-

74 
50985 

14129 
0 

Research Trainee 
On-Farm Research 

24581 
14608 

-
-

-
-

24581 
14608 

7864 
-

459 
14608 

-
-

-
-

8 323 
14608 

16258 
0 

Workshop
On-Farm Research 18389 - - 18389 18389 - - - 18389 0 

Publication & Distribution 
Senior Fellowship - 42730 - 42730 1 724 6 401 1 008 3370 12503 30227 

CIDA 
Southern 
SALWA 

Africa AFRENA -
-

1 351 476 
519 500 

60 654 
-

1412 130 
519 500 

903 116 
124 818 

234 373 
152 766 

127 452 
54733 

147 189 
140 866 

1412 130 
473 183 

3 
46317 

GTZ 
MPT Germplasm 104 119 320 734 - 424 853 200 295 124 981 52 954 45 349 423 579 1 274 
Fellowships - 122 546 - 122 546 79074 29 449 - - 108 523 14023 

SIDA 
Senior Fellowship 22 080 - - 22 080 18 237 1 840 2 003 - 22 080 0 
Agrc*orestry for 45169 - - 45169 - 12788 - - 12788 32381 

Development in Kenya
Associate Expert (1) 26505 - 3817 30322 10500 15496 4326 - 30322 0 
Teacher Training Workshop - 41 577 1 132 42709 41 844 865 - - 42709 0 
Associate Expert (2) 
Publications Distribution 
Eastern and Central Africa 

25933 
20 237 

-

-
-

50 128 

3 098 
-

2 301 

29 031 
20 237 
52429 

10 500 
--

38550 

11 878 
20 237 
4 732 

4 803 
-

3 147 

1850 
-

6000 

29 031 
20 237 
52429 

0 
0 
0 

AFRENA-Embu 
SAREC 

ICRAF/Zambia 183271 - 66669 249940 120777 84531 17820 26812 249940 0 
Agroforestry Research 

USAID 
Eastern and Central Africa - 1025 358 - 1025 358 599 198 282 523 54029 27289 963 039 62319 
AFRENA 

ICRAF/OSU/IITA 
MPT Evaluation 

22626 88330 - 110956 57839 14397 11 220 (1 701) 81 755 29201 



ANALYSIS OF RESTRICTED PROJECT FUNDS AT 31 DECEMBER 1991, CONTINUED (US dollars) 
Income Income Total Supplies FixedBalance Received Accrued Available Personnel ana Assets Totalat 1.1.1991 1991 1991 1991 Costs Services Travel Purchases Expenditure Balance 

IDRC
IRA/ICRAF-Cameroon - 64 898 11. 600 76498 34 510 30 711 11 277Humid Lowlands-Ghana 7521 - 11 341 - 76498 018862 9702 187 8973 - 18862 0Data Handling & Management - 57 452 - 57 452 29 682 21 650 757 5 363 57 452 0Training Course
Socio-economic Project 1091,19 - 109019 25683 17 287- 6093 50373 99435 9584Netherlands-DSO
ICRAF/DSO Training Course - 211 385 828 212 213 189 862 18 666 3685 - 212 213 0

IFAD
SALWA 39414 352850 - 392264 242458 63506 32886 53414 392264 0

Rockefeller Foundation
On-Farm Research - 315900 6188 322088 216151 81 301 14937 9500 322088 0Policy Adnptionilmpact - 40000 - 40000 9717  -Ph.D. Fellowship - 2500 - 2500 

- 9717 30283 
- 2 500 - - 2500 0Nutrient Cycling - 20750 - 20750 12702 7038  - 19740 1 010

SwitzerlandAssociate Expert-Cameroon 20 030 66504 - 86534 50 053 14 604  - 64 657 21 877Associate Expert-Rwanda 17 998 45 150 -- 63 148 42 690 12 490 -  55 180 7 968
NORAD

Agroforestry in Arid Areas 52376 144 928  197 304 98004 22 993 4999  125 996 71 309Southern Africa AFRENA- -. 150907 3648 154555 56089 24984 11 163 62319 154555 0Shinyanga 
DANIDA

MPT Germplasm Centre - 119990 - 119990 312 1 728 138 12101 14279 105711
ODA

Nutrient Cycling - - 87137 87137 38910 33099  15128 87137 0On-farm Research  - 29 016 29016 24 183 3 598 1 235 - 29016 0
OTHERS


Research for Development - 203 887 - 203 887 172 506 26 017 4 378 986 203 887 0Training Course
International Centres Day - 3 529 - 3 529 - 3 529 -  3 529 0Grevillea robusta Workshop 6 542  - 6 542 - 6 542 - - 6 542 0 
TOTAL 716 585 5 472 028 287 429 6 476 041 3 512 550 1 415 140 448 076 606 208 5 982 172 493869 



AFBIB Agroforestry Bibliography (ICRAF's bibliographic database)
AFNETA Alley Faiming Network for Tropical Africa (Ibadan, Nigeria)

AFRENA Agroforesli.' Research Networks for Africa (coordinated from ICRAF)
AGRICOLA Database o'f the National Agricultural Library (Beltsville, Maryland, USA)

AGRIS International Information System for the Agricultural Sciences and Technology (Rome, Italy)
AGRITEX Agricultural Technical and Extension Services (Harare, Zimbabwe)


AIDAB Australian International Development Assistance Bureau (Canberra, Australia)

ANAFE African Nutwork tcr Agroforestry Education (coordinated from ICRAF)


BARC Bangladesh Agricultural Research Council (Dacca, Bangladesh)
BARI Bang adesh Agricultural Res.arch Institute (Joydebpur, Bangladesh)

BBC British Broadcasting Company (London, UK)

BMZ Bundesministerium fur Wirtschaftliche ZusammenarbeitGerman Ministry for Economic
 

Cooperation (Bonn. Germany)

C centigrade


CABI CAB International (Wallingford. UK)
CASAWAC Committee for Agroforestry, Soil and Water Conservation (Harare, Zimbabwe)

CATIE Centro Agronomico Tropical de Investigacion y Ensehanza (Turrialba, Costa Rica)

CD-ROM compact disk-read-only memory
CDS/ISIS Computerized Documentation System, Integrated Set of Information SystemsCGIAR Consultative Group on International Agricultural Research (Washington, DC, USA)

CiAT International Centre ot Tropical Agriculture (Cali, Colombia)
CIDA Canadian International Development Agency (Hull, Quebec, Canada)

CIMMYT International Maize and Wheat Improvement Centre (Mexico DF, Mexico)

CIP International Potato Centre (Lima, Peru)


CIFOR Centre for International Forestry Research
 
cm centimetre


CSIRO Commonwealth Scientific and Industrial Research Organization (Canberra, Australia)
CTFT Centre technique forestier tropical (Nogent-sur-Marne, France) 

cv cultivar 
D&D Diagnosis and design

DANIDA Danish International Development Agency (Copenhagen, Denmark)
DRPF Direction des recherches sur les productions forestieres (Dakar-Hann, Senegal)DSO Direct Support to Training Institutes in Developing Countries (The Hague, Netherlands)

FAO Food and Agriculture Organization of the United Nations (Rome, Italy)
FINNIDA Finnish International Development Agency (Helsinki, Finland) 

g gram
GRID Global Resources Information Database (UNEP) (Nairobi. Kenya)
GTZ Gesellschaft fur Technische Zusammenarbeit'German Agency for Technical Cooperation

(Eschborn, Germany) 
ha hectare 

HASHI Hifadhi Ardhi Shinyanga (Shinyanga, Tanzania)
IBRD International Bank or Reconstruction and Development (World Bank)

(Washiriqton, DC, USA)
ICAR Indian Council of Agricultural Research (New Delhi, India)

ICARDA Internalolal Centre for Agricultural Research in the Dry Areas (Aleppo, Syria)

ICRAF International Centre for Research in Agroforestry (Nairobi, Kenya)


ICRISAT International Crops Research Institute for the Semi-Arid Tropics (Hyderabad, India)

IDRC International Development Research Centre (Ottawa, Canada)

IFAD International Fund for Agricultural Development (Rome, Italy)

IFDC International Fertilizer Development Centre (Muscle Shoals, Alabama 
 USA)
IFPRI International Food Policy Research Institute (Washington. DC, USA)
IICA Inter-American Institute for Cooperation in Agriculture (San Jose, Costa Rica)
IIMI International Irrigation Management Institute (Colombo, Sri Lanka)IITA International Institute of Tropical Agriculture (Ibadan, Nigeria)

ILCA international Livestock Centre for Africa (Addis Ababa, Ethiopia)
ILRAD International Laboratory for Research on Animal Diseases (Nairobi, Kenya)INFOTERRA International Referral System for Sources of Environmental Informaton (UNEP)

(Nairobi, Kenya)
INIBAP International Network for the Improvement of Banana and Plantain
 

(Montferrier-sur-Lez, France)

INRAN Institut national de recherches agronomiques du Niger (Niamey, Niger)

INSAH Institut du Sahel (Bamako. Mali)

IPGRI International Plant Genetic Resources Institute (Rome, Italy)
 



IRA Institut de la recherche agronomique (Yaounde, Cameroon) 
IRAZ Institut de recherche agronomique et zootechnique (Gitega, Burundi) 
IRRI International Rice Research Instiiute (Los BaFos, Philippines) 
IRZ ii isttut de recherches zootechniques (Yao,rde, Cameroon) 

ISABU Institut des sciences agronomiques du Burundi (Bujumbura, Burundi) 
ISAR Institut des sciences agronomiques du Rwanda (Butare, Rwanda) 

ISNAR InternAtional Service for National Agricultural Research (The Hague, Netherlands) 
ISRA Institat sendgalais de recherches agricoles (Dakar, Senegal) 

ITE Institute ot Terrestrial Ecology (Cambridge, UK) 
IUFRO International Union of Forestry Research Organizations (Vienna, Austria 

KARl Kenya Agricultural Research Institute (Nairobi, Kenya) 
KEFRI Kenya Forestry Research Institute (Muguga, Kenya) 

kg kilogram
km kilometre 
KIT Royal Tropical Institute (Amsterdam, Netherlands) 

LER land-equivalent ratio 
m metre 

MIDP Machakos Integrated Development Project (Machakos, Kenya) 
mg milligram 
mm millimetrc 

M.Sc. Master of Science 
n number 
N nitrogen

NDFRC National Dryland Farming Research Centre (Katumani, Kenya) 
NORAD Norwegian Agency for International Development (Oslo, Norway) 

OAU Organization of African Unity (Addis Ababa, Ethiopia)
ODA Overseas Development Administration (London. UK) 

ODI Overseas Development Institute (London, UK) 
ORSTOM Office de la recherche scientifique et technique d'outre-mer (Paris, France) 

OSU Oregon State University (Corvallis, Oregon, USA) 
P phosphorus 

Ph.D. Doctor of Philosophy 
RESADOC Reseau sahelien de documentation (Bamako, Mali) 

SACCAR Southern African Centre for Cooperation in Agricultural Research and Training 
(Gaborone, Botswana) 

SADCC Southern Africa Development Coordination Conference (Gabarone, Botswana) 
SAFGRAD Consultative Advisory Committee on Semi-Arid Food Grains Research and Development 

(Ouagadougou, Burkina Faso) 
SALWA Semi-Arid Lowlands of West Africa (AFRENA programme) 
SAREC Swedish Agency for Research Cooperation with Developing Countries 

(Stockholm, Sweden) 
SDI Selective dissemination of information 

SED standard error of differences 
SHISCAP Shinyanga Soil Conservation and Afforestation Programme (Shinyanga, Tanzania) 

SIDA Swedish International Development Authority (Stockhu,m, Sweden) 
sp species (singular) 

spp species (plural) 
sq square 

t tonne (metric) 
TARO Tanzania Agricultural Research Organization (Dar-es-Salaani, Tanzania)

TAC Technical Advisory Committee, CGIAR (Rome, Italy) 
TSBF Tropicai Soil Biology and Fertility Programme (UNESCO) Nairobi, Kenya 

UK United Kingdom 
UNEP United Nations Environment Programme (Nairobi, Kenya) 

UNESCO United Natiens Educational, Scientific and Cultural Organization (Paris, France) 
USA United States of America 

USAID United States Agency for International Development (Washington, DC, USA) 
UST Universit of Sci-nce and Technology (Kumasi. Ghana) 

var variety 
WARDA West African Rice Development Association (Eouake, C6te d'lvoire) 

wt weight 



Members 
Chairperson 
Chairperson 

Vice Chairperson 

Director General 
Director General 

Secretary 

Meetings during 1991 
Board of Trustees 

Dr G. Holmes (UK) (appointed 15 March 1991)
 
Professor H.A. Stcppler (Canada) (retired 15 March 1991)
 

Dr R.Mupawose (Zimbabwe)
 

Professor G.T. Caslillo (Tile Phillipines)
 
Dr R.Cummings (USA) (retired 15 March 1991)
 
Professor G. Ebbersten (Sweden) (appointed 9 March 1991)

Mr 0. von Grotthuss (Germany) (appointed 10 October 199 1)
 
Dr J.McWilliam (Australia)
 
Mr S.N. Muturi (Kenya)
 
Mr B.Santos (Dominican Republic) (appointed 9 March 1991)
 
Dr M. Singh (India)
 
Professor F.J. Schmitlifisen (Gennany) (retired 15 March 1991)

Dr D.B. Thorud (USA) (appointed !0 October 1991)
 
Dr M. Tourd (Senegal)
 
Dr E.W. Tyrchniewicz (Canada) (appointed 10 October 1991)
 

Dr B. Lundgren (Sweden) ex-officio (resigned 31 August 1991)

Dr P.A. Sanchez (USA) ex-officio (appointed I October 1991)
 

Mr D.M. Sickelmore (UK) ex-officio
 

19th meeting: 9, 14 and 16 March
 
20th meeting: 10-12 October
 

Executive and Finance Committee 

Programme Committee 

Audit Committee 

Nominations Committee 

14th meeting: I I January 
15th meeting: 14 March 
16th meeting: 10 October 

22th meeting: 9- 10 and 13 March 
23th meeting: 8-9 October 

2nd meeting: 13 March 

Ist meeting: 13 March 
2nd meeting: 10 October 



Headquarters 

ICRAF House 
United Nations Avenue 
P.O. Box 30677 

Nairobi, Kenya 

Telephone: (254-2) 521450
 
Telex: 22048 ICRAF 

FAX: (254-2) 521001 

Cable: ICRAF 

E-mail: CGI 236 


Research Station 

Machakos Research Station 
P.O. Box 953 

Machakos, Kenya 

Telephone: (254-0145) 30229 


Collaborative Research Sites 

SALWA/ICRAF Agroforestry Research 
Project 

c/o OAU/SAFGRAD 
B.P. 1783 

Ouagadougou 01. Burkina Faso 

Telephone: (226-30) 6071. 


(226-31 1598 

Telex: 5381 BF 

FAX: (226-31) 1586
 

ISABU/ICRAF Agroforestry Research 
Project 

B.P. 173 

Gitega, Burundi 

Telephone: (257-40) 2314 

Telex: 3000 BDI 


JRA/ICRAF Agroforestry Research Project 
B.P. Box 2123 

Yaound, Cameroon 

Telephone: (237) 237440 

Telex: 1140 KN Yaound6 


KEFRI/KA RI/ICRAF Maseno AgroforestryResearch Centre 

P.O. Box 25199
 
Kisumu (Otonglo), Kenya
 
Telephone: (254-035) 51245
 
E-mail: CGI 353
 

Agroforestry Research Project 
c/o KARl Regional Research Centre 
P.O. Box 27
 
Embu, Kenya
 
Telephone: (254-)161) 20116/20873
 
FAX: (254-4)161) 30059
 
E-mail: CGI 352
 

SADCC/ICRAF Agroforestry Research 
Project 

Makoka Agricultural Research Station 
P.O. Box 134
 
Zonba, Malawi
 
Telephone: (265) 534277
 
Telex: 44017 (ICRAF Malawi)
 
FAX: 523058 Zomba
 

Malawi ICRAF Agroforestry Research 
Project 

P.O. Box 31188
 
Lilongwe 3, Malawi
 
Telephone: (265) 767222
 
Telex: 44888 Bureau
 
FAX: 731014
 

Agroforestry Research Project 
c/o ICRISAT Sahelian Centre 
B.P. 12404
 
Niamey, Niger
 
Telephone: (227) 722529
 
Telex: 5406 NI
 
E-mail: CGU 004
 

ICRAF/OSU/IITA Multipurpose-Tree 
Project 

c/o I ITA
 
Oyo Road
 
P.M.B. 5320
 
lbadan, Nigeria
 
Telephone: (234-22) 400300
 
Telex: 31417 (TROPIB NG) 



Rwanda ICRAF Agroforestry Research 
Project 

c/o ISAR 

D6parternent forestier 

B.P. 617 
Ruhande, Butare, Rwanda 

Telephone: (250) 30912 

Telex: 22604 PUB BTE RW 


Agroforestry Research Project 
c/o DRP/ISRA 
B.P. 2312 
Dakar Ilan, Senegal 

Telephone: (221) 323219 

Telex: 61117 ISRA SG 

FAX: (221) 329617 


SAI)CC/ICRAF Agroforestry Research 

Project 


c/o TARO, Tumbi
 
P.O. Box 306 
Tabora, Tanzania 

Telephone: (062) 2431
 
Telex: 47071 

FAX: (062) 2471 


Tanzania/ICRAF Agroforestry Research 
Project 

c/o SHISCAP 
P.O. Box 797 

Shinyanga, Tanzania 

Telephone: (0671) 2630 

Telex: 48102 OXMAC TZ
 
FAX: (0671) 2530 


Uganda ICRAF Agroforestry Research 
Project 

P.O. Box 311 
Kabale. Uganda

Telephone: 22360 Kabale 

Telex: 68(132 KBUB Pub Tix 


SAI)CC/ICRAF Agroforestry Research 
Project 

Chalimbana Agricultural Research Station 
P.B. CH 8 

Lusaka. Zambia
 
Telephone: (26(0) 251854/253008 

Telex: 43950 AGRIM ZA 

FAX: (260-1) 293080 


Zambia ICRAF Agroforestry Research 
Project 

c/o Provincial Agriculture Office 
Provident House 
P.O. Box 510046 
Chipata, Zambia
 
Telephone: (260-62) 21404
 
Telex: ZA 63020 Chipata
 
FAX: (260-62) 21414 

SADCC/ICRAF Agroforestry Research 
Project 

c/o Department of Research
 
and Specialist Services
 
P.O. Box 8108
 
Causeway. Harare. Zimbabwe
 
Telephone: (263-4) 704531
 
Telex: 22455 AGRIC ZW
 
FAX: (263-4) 728317 ZW
 

Bankers 

Citibank N.A. 
International Private Banking Division 
399 Park Avenue
 
New York, NY 10043, USA
 

Commercial Bank of Africa Ltd. 
Wabera Street 
P.O. Box 30437
 
Nairobi, Kenya
 

Barclays Bank PLC 
Belgravia Business Centre 
P.O. Box 228
 
23 Grosvenor Gardens
 
London SWIW OBT, UK
 

Banque Nationale de Paris 
Agence France-Etranger 
2. Place de l'Opdra
 
75002 Paris, France
 

Auditors 

Coopers and Lybrand 
Certified Public Accountants 
P.O. Box 30158
 
Nairobi, Kenya
 



The Consultative Group on International Agri-
cultural Research (CGIAR), established in 
1971, is ajn informal association of some 5(0 
Countries. internatilonal ian regiona l organiza-
lions, and priv-ate oInm ations working together 
to support anetwork of 17 agricultural research 
centres around the world. By the enl of 1992. 
tle CGIAR included 40 (onor organizations, 
with projected annual pledges of US$300 mil-
lion. 

The original philosophy t0hat supported the 
establishment ,and growth of tie CGIAR is that 
sus tained, coordinated research can lead to new 
agricultunral produneClion tecnologies that will 
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provile more food for people in developing 
countries. In recent years. growing concern 
about environmental issues has led the CGIAR 
iIto a careful study of whether the system as a 
,-lole shoul( ailso lake new iniiatiives ii natural 
resource mlnagelent .ld environmnental pro
tection. 

After an intensive dialogLIe with researchers 
all over the world, the (lonors decided to extend 
the CGIAR's mandate to agroforestry, forestry 
and irrigation management. As a result of these 
deliberations, ICRAF became amember of the 
CGIAR in May 1991. 
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The CGIAR supports the work of 17 internationalagriculturalresearch centres aroundthe world. 
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