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Director-General's Introduction
 

There is an unwritten, but generally accepted, 
convention that annual reports are presented as 
if they were written right at the end of the year 
they cover. Following this convention, anything 
that happens between the end of the yearand the 
time when you actually write the report is 
treated as a likely event in the future. 

Since this is my last introduction to an 
ICRAF annual report, I shall take the liberty of 
breaking this rule-I shall not disguise the fact 
that I am writing this introduction in late July 
1991. a few weeks before I leave my position as 
ICRAF's Director-General after 10 years in the 
job. 

Let me start by highlighting some of the 
major events of 1990. Perhaps the most import-
ant of these was the preparation and approval of 
a 10-year strategy. Beginning in early 1990, 
staff members. management, the Board of Trus-
tees and representatives from collaborating in-

ICRAF's Director-General, 
Dr Biorn 0. Lut:dgren,
discusses the role of 
multipurpose trees in 
agroforestry system~s 
at the field station in 

M tkos, Kenya.. 

stitutions and donor organizations were all in
volved in an intense participatory process lead
ing to the formulation of a long-term strategy 
for ICRAF. 

This was set out in the document ICRAF: 
Strategy to the Year 2000. The strategy has 
provided the basis for developing a programme 
of work for the 1990s, which, in turn, has led to 
a substantial restructuring exercise. The 
strategy also provided the basis for the dis
cussions that led-in 1991-to ICRAF's entry 
into the Consultative Group on International 
Agricultural Research (CGIAR). 

ICRAF's goal is to help land users achieve 
higher productivity, sustainability and diversity 
of output through agroforestry. To fulfil thi; 
goal, ICRAF will pursue a three-pronged 
strategy that will include: 
e Strengthening national capacities to conduct 

agroforestry research 
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" 	 Collaborating with national and other institu-
tions in applied research to develop agrofore-
stry technologies for well-identified 
ecological zones and land-use systems 

* 	 Conducting strategic research on selected 
topics of importance at a global or regional 
level. 
ICRAF's new structure was introduced on I 

July 1990. The former Research Development 
Division merged with the research programmes 
of the former Collaborative Programmes Divi-
sion tocreate a new Research Division underthe 
leadership of Dr Peter Cooper. At the same time, 
the former Information and Communications 
Division merged with the training and education 
programmes of the Collaborative Programmes 
Division to create a new Training and Informa- 
tion Division under the leadership of Dr Ester 
Zulberti. Mr Bruce Scott, previously Director of 
the Collaborative Programmes Division. was 
appointed Senior Director with responsibility 
for overall programme coordination. Each divi-
sion, including Finance and Administration, 
was divided into programmes or units, and co-
ordinators for these were appointed or recruit-
ment started. 

In the second halfol' 1990, attention focused 
on intenive programme planning within the 
new framework. This included, for the first 
time, a three-week programme review and plan-
ning meeting in late September, which involved 
all ICRAF professional staff. The meeting was 
highly productive, with intense interaction 
among staff members, and there are plans to 
repeat it in 1991. 

The 10 long-staiding donors to ICRAF's 
core budget maintained or increased their con-
tributions in 1990, and three new donors-Aus-
tralia, Belgium and Japan-added their support 
during the year. Unrestricted core contributions 
rose by 37k--from US$2.96 million in 1989 to 
US$4.05 million in 1990. Expenditures, draw-
ing on core funds and restricted project grants, 
rose by 14%-from US$7.49 million to 
US$8.53 million. The significant increase in 
core funds, accompanied by a more modest 
increase in expenditure, gave ICRAF a wel-
come opportunity to w~ite off most of a residual 
deficit that was incurred in 1988. 

Clearly, considerable time and resources in 
1990 were spent on finalizing the strategy, re-
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structuring the programmes and planning for the 
decade ahead. Given the magnitude of this cf
fort, the productivity of ICRAF staff over the 
year-in research, trainino and other areas
was remarkable. The length of this annual re
port--120 pages compared to 100 pages for 
1989-rellects a significantly increased level of 
research outputs, particularly from the Agro
forestry Re.;earch Networks fcr Africa pro
grammes-the AFRENAs. 

Let me highlight a few of the more note
worthy results from 1990. We have always 
claimed that some agroforestry technologies, 
using suitable multipurpose trees under appro
priate manpoement, have the potential to allevi
ate problems of soil erosion and declining soil 
fertility in tropical land-use systems. There is 
now a growing body of evidence from collabor
ative programmes within the AFRENA frame
work, from experiments at ICRAF's field 
station at Machakos, Kenya, and from the work 
of other organizations to substantiate this claim. 

For example, experiments at two sites in 
Zambia indicated that a one-year improved fal
low of the nitrogen-fixing shrub Seshaniases
ban can produce more than 20 t/ha (dry wt) of 
fuelwood and double the productivity of sub
sequent maize crops. In Cameroon, when one
year improved fallows were introduced using 
four multipurpose-tree spec;es, maize yields 
were 15 to 100% higher than yields after natural 
fallow. 

ICRAF has been testing and demonstrating 
the soil-conservation potential of agroforestry 
technologies at the Machakos field station since 
1984. By 1990, hedgerow interc.-opping aligned 
on contours had led to the formation of micro
terraces, stabilized by tree roots and stems. Dur
ing a storm in April, 50 mm of rain fell in one 
hour on a hillside sloping at 14%. Soil erosion 
on the agroforestry plots ranged from 0.2 to 5.0 
t/ha, while erosion on control plots was 34 t/ha 
or higher. 

Partially as a result of encouraging ex
perimental results, ICRAF expanded on-farm 
activities in 1990, beginning with an interna
tional workshop in Febrary to discuss tools and 
methods for on-farm research. Field studies are 
now in progress ai sites in Cameroon, Kenya. 
Malawi, Rwanda and Uganda. Participants in 
the workshop gave an indication of just how 
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multidisciplinary agrolorestry is: there were 69 
specialists representing 17 different areas of 
specialization. 


Also in 1990. planning began for an import-
ant strategic research programme. The focus 
will be on multipurpose trees and how the) 
increase the efficiency of nutrient cycling in 
soils and help maintain soil fertility, 

Other highlights of the year included work 
on multipurpose-tree improvement, centred at 
the Maseno Agroi'orcstry Research Centre in 
western Kenya. Five species have been selected 
of special potential lor East and Central Africa. 
and researchers travelled around Kenya to col-
Icct seed from hundreds of superior trees of 
these species. This germplasm will provide the 
basis for future tree-improvement work. 

ICRAF sponsored an international workshop 
in August to formulate a comprehensive re-
search agenda on Grevilh'a rohusta,one of the 
most promising multipurpose trees for the high-
lands of East Atrica. Finally, work on multipur-
pose-tree improvement expanded in 1990 to the 
humid lowlands of West Africa, with collabor- 
ative rcsearch at two iield sites in southern 
Nigeria. 

There has been steady progress-and excit-
ing results-from the on-going AFRENA pro-
grammes in the highlands of East and Central 
Africa. the upland plateau of Southern Afric,!rn, 
and the humid zone of Cameroon. Another im-
portant achievement in 1990 was the successful 
launching of' the AFRENA programme for the 
Semi-Arid Lowlands of West Af'rica 
(SALWA). 

This programme links national agriculture, 
forestry and livestock research institutes in Bur-
kina Faso, Mali. Niger and Senegal with re-
gional and international reseaich centres in a 
concerted effort to develop agroforestry techno-
logics for the Sudano-Sahelian zone. Collabor-
ative agreements were reached ineach country 
and diagnostic surveys and research-planning 
exercises were concluded. A regional coordina-
tor took up leadership of the project, with head-
qarters in Ouagadougou, Burkina Faso. 

Achievements in the Training and linforma-
tion Division were no less impressive during the 
year. ICRAF's annual introductory course on 
agrof'orestry research for development attracted 
a record number of applicants-332 applicants 
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for40 places. The library maintained its position 
as a leading agroforesry information centre, 
increasing its total holding of books and articles 
from 16.000 in 1989 to nearly 20,000 at the end 
of 1990. 

A dramatic sign of the growing interest in 
ICRAF's work isthe fact that publications sales 
more than doubled from 1989 to 1990. About 
150 readers write in every month toordercopies 
of ICRAF publications, and an equal number of 
new readers ask to receive ICRAF's quarterly 
magazine, Agqro. restr;v Todhay, which is dis
tributed free. 

The major concern of ICRAF's management 
and Board of Trustees during 1990 was the issue 
of whether ICRAF would be invited to join the 
CGIAR and on what conditions. After lengthy 
and animated discussions, a 'conditional' invi
tation was issued after International Centres 
Week in October. This was followed, in May 
1991, by a final invitation, which was sub
sequer!,Iy accepted. 

A new era is beginning, and it isappropriate 
that ICRAF will have a new Director-General. 
At this point. I would like to take the opportunity 
to summarize, very briefly, some of*the devel
ooments that have taktli place over the 10 years 
during which I have been associated with 
ICRAF. 

The most obviouts development has been 
ICRAF's dramatic growth. This can easily be 
quantified. In 1981, when I took up the position 
of' Director-General, ICRAF had a total of' 17 
staff members, with 6 internationally recruited 
prof'essionals, mnd an operating budget of about 
US$800.000. In mid-1991, ICRAF has about 
300 staff' members, including 45 internationally 
recruited prof'essionals and 4 1 other profes
sionals. Operations are based in 14 different 
countries, and the total operating budget is close 
to US$15 million. 

Three factors, in my judgement. have made 
this growth possible. For one thing, diverse 
groups-scientists. de,.,elopnent agencies, gov
ernment policy-makers and the media-have 
become increasingly aware of agroforestry's 
exciting potential to address key land-use prob
lems inmany areas of' the tropics. Although 
ICRAF has been far from alone in creating this 
awareness, it is fair to say that we have been 
regarded as the international focal point lor 
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a*roforestry research and developnment. This 
has undolibledly contributed 1o our success In 
raising lunds. 

Secondly. ICRAF's scientiftic colleagues an'I 
supporlers have been enthusiastic about our ap-
proach to agrol'orestry research. One ilportant 
aspect has been the care l oug.gical development 
of ICRAF's programnmes over tle years. 

II the initial phase, the emphasis was onl 
de\ eloping concepts and methods fOr agrolore-
stry research and on compiling a strong inlor-
lltion base. This earl\, work provided the basis 

for applied field research. beginning intilemid-
198(s. through tile inAFRENA proianmies 

major ecological zones of Atrica. Now, in the 

19t)0s. %\ewill see expanded strategic research 


aInd nsliftitiOn- buiing el'forts on this
n based 

acCuinIulated experience. 


It may have been difficult at lines to see the 

long-teinn plan underneath ICRAF's nyriad on-

coing activilies. Yet looking at the previous

decade as a k hole, .he logical thread rtnlnine 

througl tile of ICRAF's pro-
developnment 

grailimes is clear. And this approach has paid 

off in tile that I('RAF's donIOrS remained
sense 

loyal during the less-exciting early \,ears and 

were prepared to put ever increasing funds at 

our disposal as our work progressed. 


Another aspect of ICRAF's approach that 

has Ibeen strongly appreciated is tIle
emlphasis 

on research for development rather hllan
as an 
end in itself'. One of ICRAF's most important 

contributions has en to,bridge the boundaries 

be ween conventional academic (iscipl ines and 

to diiect research efforts towards oh.jective 

problem solving.


A ihird aspect of ICRAF's approach is an 
insistence on Iull ill-partnership wilh liatiolla 
slittuions. ICRAF's work isnot based in separ-
alte. isolaled facilities, but inCxisting national or 
regional research stations and laboratorics. 
I lere. innUIidiscipIlinary teams of'natioMal scien-
tists and ICRAF staff members work together 
closely at evrv stage of research planning and 
impleImenitation. 
11has been singu.larly rewarding for me !o 

iiote.just how effectivel, and cenuinlely ICkAF 
has inaaged to establish working relations witlIh 
scientists and institutions il 4 countries of 
Africa. The next challenge for ICRAI : will be to 
establish equally effective relationships in 
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South America and Asia, appropriate Ir condi
tions in those regions. 

So. in my view, ICRAF's exciting growth 
over tilepast decade has been due to a generally 
increased awareness ot agroforestry's potential 
and to widespread ,.nthusiasn about ICRAIF's 
approach to research tor development. The 
third, and by far tilemost important, reason for 
this success has been the people associated with 
ICRAF-the stafl'members. the Board of Trus
tees, donors. collaborating scientists and(]others. 

Of course I may be biased, but I think 
ICRAF's expanding multidisciplinary tean of 
scientists and other specialists is probably 
unique. Over the years. this team has produced 
some remarkably innovative work in agrofore
stry research, tra ining and information. A sense 
of ulnitv of purpose and mutIual respect across 
disciplinary. national and cultural boundaries 
have created a positive, enthusiastic atmosphere 
that impresses visitors. 

Similarly, ly experience with the Board of 
Trustees. both individually and as a group, has 
been extremely positive and stimulating. The 
Board took a big risk in 1981 when they ap
pointed such a yotung uandinexperienced person 
as Director-General. Among the Board mer
hers who took that risk were 'old boys' such as 
Robert Chandler, M.S. Swaininattan and the 
late John Bene. The support I have received 
fron tileBoard, and particularly from Howard 
Steppler and the late Walter Bosshard. has been 
crucial for ICRAF's progress and consistency in 
programme direction through tileyears.

Let me finish by expressing my sincere 
thanks to all those vio have contributed to 
ICRAF's success over the past 10 years and who 
iave made my work al unsurpassed profes
sional, initellectia! and personal experience. 
Tile clallenges and opportunities ahead ltor 
ICRAF are enornlious. I wish ICRAF's new 
Director-General. Dr Pedro Sanchez, the staff 
and the Board of Trustees all the best in the 
coming years. 

( / 
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Bjdrn 0. Lundgren 
Director-General 
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Agroforestry Technologies 
" 	 Improved tree fallows 
" 	I aungya afforestation 
" 	Trees on cropland 
" 	 Plantation crop combinations 
• 	 Multistorey home gardens 
" 	 Hedgerow intercropping (alley 


cropping) 

* Boundary planting 
" Trees on contours for erosion control 
" Winabreaks and shelterbelts 
* Tree biomass transfer (mulching) 
" Trees scattered on rangeland or pastures 
" Tree plantations with pastures 
* 	 Living fences 
* 	 Fodder banks 
* 	 Woodlots with multipurpose
 

management
 
" Reclamation forestry leading to 


multiple use
 
" 	 Entomoforestry (e.g. silk, honey 


production) 

* 	 Aquaforestry (treeF with fisheries) 

Source: A. Young (I99).Agroforestryfor 
soil conservaton.Wallingford (UK): CAB 
International (CABI) and ICRAF, p. 12. 

C)inpiliatioi and updatingl"of atgroforestry 
databases, including a technology register 
and a systeni1s ilnletory 
D of modcls assist in ltie1)evelopmcnt to 
evaluation and application )I'experimental 

* 	 Conitinuing review and improvements of 
nllhods for planning "groforestry research 

" Asscssllent of' the role of' agrolorestry in 
land-use pannini and watershed manage-
ment. 

Agroforestry systems inventory 

A global (atabase of agrolorestry systems was 
created as part (if ICRAF's agroforestry systems 
inventory proct, cond.lucted over a live-year 
period between 1982 and 1987. The overall 
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objective was to compile inforimatliol on the 
extent of cxisting agrol'orestry practices and 
their role within !land-use systenlS. I3y 1990, the 
database contained inlformnation on !30 in
digcen ous agrolor''stry systems in Latin 
America. Africa and Asia. 

ICRAF bas entered a collaborative agrec
ment \%itlh the School of'Agricultural aIid Forest 
Sciences of the University of Wales it Bangor 
(UK) to develop. extel and maintain the agro
forestry svssCllls dtabase. This will entail 
Cvaluatinlg 111d vrifyin tihe existing (lata and 
Cesigning a nlew dtatabazse structure. The data
base will then be expanded to achieve a more 
systematic sample of agrol'ore lry practices and 
to quantify their performance and extent. This 
will permit comparative analysis across cuo
lical and socio-cnnolic gradicnts. 

Agroforestry and sustainability 

A study was completed in 1990 on agroforestry, 
the environment and sustainahility. focusing on 
the current state of knowledge '.nd priority areas 
for future research. Sustainalbilit) is defined as 
production plus conservation, that is,continued 
production at or above present levels coupled 
with conservation of the natural resources on 
which this production depends. This work in
chided an assessment of the potential of agro
forestry for combining diversified production
with conservation of'soil. water, f rest aind pas
lure resources. 

Soil changes under agroforestry 

In 1990, ICRAF released Version 2 of SCUAF: 
soil chacnge. tunder ag'rq/ore'str', an interactive 
inicrocompuLter model that estimates thle eflfects 
oIl soilsof specified agroforeitry systenis wilhin 
given environments. The environnmental condi
tions included in SCUAF are climate, soil in its 
initial state, and slope. The model estimates 
changes in the rale of erosion and carbon (rep
resenting soil organic matter) and nitrogen cy
cli, .. , together with the effects ol'changes in soil 
properties on plant growlh and harvest. 

An agroforestry system is entered as a se
quencc of periods. each with a stated proportion 
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of trees and crups. An improved trec-lallow 
system. for example. might be input as three 
years with 1001/ crops followed by two years 
with 10I( trees, while a hedgerow-intercrop-
ping system might be one period with 15(1/ trees 
and 851 crops. "Cutyears' are specified in 
which tile felled or coppiced, usuallytrees are 
with additional harvest, 

Other inputs are the initial rates of' tree and 
crop growth: external inputs such as manure and 
fertiliter: harvest, stating which parts of tile 
trees and crops (fruit. leafy matter, wood) are 
removed: soil processes: and soil-plant feed-
hack factors. Where data are missing, they are 
supplied by environment-specific default 
values built into the model. 

Apart from a record of the data. SCUAF 
provides eight 0ulputs---one for the rate of er0-
sion. tw\o for soil carbon, three for the nitrogen 
cycle, and two for plant growth and harvest. 
Each output shows predicted changes ovc, any 
chosen period. such as 20 years. Each is pro-
d(tced as a table that can he converted into a 
graph by an interface with Lotus 1-2-3. 

SCUAF can hC used to: 
o 	 Investigate whether a proposed agroforesiry 

systeml is likely to be sustainable in terms of 
soil conservation 

a 	 Assist in designing agr'fforesiry field experi
meints 

e Indicate what measurements ae needed in 
experiments to model soil changes 

* 	 Assess likely effects on soils of treattile 

ments not included in a field trial 

* 	 Compare agrol'orestry with alternative non
agrol'orestry systems 

* 	 Support exploratory, conceptual studies, for 
example to predict tie possible impact of 
agrof'orestry on the global carbon cycle 

a 	Contribute to agroforestry education and 
training programmes. 
The model runs on an IBM-compatible MS

DOS-based microcomputer. ICRAF is distri
buting copies of tilecomputer program on 
diskette, with a handbook, to users around the 
world. Version 3 will be expanded to incorpor
ae phosphorus cycling and improved graphic 
facilities. 

A farmer in Kenya's South Nyanza District grazes his goats and cattle on the roadside. 
The boundaries of neighbouring fields are demarcated by Grevillea robusta and crops 
are protected from the aninals by an inert fence reinforced with Parkinsonia aculeata. 

rI
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Agroforestry and animal 	 pastoll areas ol iastern Africa bit considershusbandry issues of rehevalac'" to other Iloloral land-Lis 
sy ste.ins. Sulpport is protvided by Ihe Norwve.,ia

A i't.ies'k onl a1 ofioresrv and anii al liis- Aenlv for International l)evelopment
lilndr, lprepared ' Int (. will le published in (NORAD). Specific topi,'s include: 
I99. ~brinilici t 	 a L1valualnuc, ;il'cetne1ornialiol from S (llOfthef el'le'clveiss 1ofpMt iclia
\ide il iiie tsOLII'ce, Oil 1heC LiIT.Ie iid lIln- telltiin lreseah inlotr\ anld ill a paslolal
iial role of' iarlo'oriCxiV Il ifllia:+ll-ri)oduclion s\ystcnm. ThiS caSe -+tuItl lriii Turkana. 
syxt l his. tld\ co\ers biophvsical issles. Kenya, describes how toIllonitor ;.i exteli
sIcll as (le rellionship hemt,cen soils, trces nlid sive. participatlry exlensllon progranirme in 
aillfaIs. is \ell as ecolillL ic and policy col- order to learn Flroi ll lm and plelllptoei
sid'ations. lials o an e.,istirn,.c natMtrI- rCsoL rce man ace-

The meie+ blcgiiis with descriptions til'ia'to- melill syslen, leadini to the identi ficationl oi" 
h restr\ tech nlo I ic, such as improved lll- imanagement and research lirorities fromii 
i\,%". iiudbailsk. Ilrec.s inI pastures aind tre within.
 
plailitions,-- 1h,t nia pla\ t role iii livestock- 0 "l'iLIre riihts 1( Ires amiic the Il'Urkala
 
IpIOhictitLi Ss nnlS. This is I'lh\%
ed hV a diS- paislorallists. rlee teulre is ain illipinrtanl issLiecLIs'ill ol tle iolliple roles of ties and shrLubs ill awroforsllr lhat hls rece iveil liltle allei
in prok idine lhidder. shade. wind,sheller I'1'oLin lion ill pastoral areas where trees are vital Ioanld pit,..clioli of 1ra/inc resiilrces. loitll d the infecrit Lf land-ustems. The TLr, 
and doniestlic allilill, alle cLmsiLdCere. defined kanta S\stelll of usilmuf' riitsio frees is 
broadlyiLto include beves. sill,\oris and nmanv described ili Order 1I draw OLt thle relevant 

llier spc ci c ' . le ssoln.s fI'r reseaicIh and deve lopmntlit.
(';i' Slutlies areC dCsci'ibed ronliiiall over tile * Airimooestrv ill the interlface between p)Isto

ssoirld. In ii tiCular. the discutssioln cllcelillales rliHs and agrlicullureI. ICRAF is ciurrently
Oil Ihe Alia/oi. tie humlid /onc tl West Arica. enibarkin.c tL it collaborative resea rchIipro
aidtha idIhi and scli-arid /Liiies bIrolderiii Ihle c ralllnic in [tlie seiii-arid Iliwlads of West
 
Sahirl.plusealilCs I'om siAustraLlia anld 
 Afric thait iiay have iinptirlailt con se-
Fu1r1ope. l,nielces for paslorl isls a1d al ri cLIIttll'iiss

The iLle of bro. ,* is as ssed. iliclLliin 7 lit thl rgICiOl. 'lel curre lt and pLteltial rolel 
pimfuctlis it\. ptlaibilit, . I'Cd \'alie 	 lind de- oLIagr '.oresry ili regiolis shared by iaslo
scriptitlns of s\ecral \aluwhle bri\se 	species. iraliSls and aeilurLi'alistS is beiii reviewed 
Finalkl. iiiiia ient issues are reviessed and to identif' inipLirant reseacih and policy
recLo nnieisltllsar iepre-'i, ed for im proved issues. ani ill partlicuLI ar to enueiL Ihat lie 

pa6I.'iitil o'I( 1 Li,e'ul species. ideiiiication o1 intfroiductiol Lf glrLoforestrv dfoies not I'Llii her
rcill'ih iriorities,. and ,leclion (l approL-priae Iliarginal iie paslolalisf5. 
ec'tii iiid s c'iil policies. * 	 Local knowledge. Ii iraIl-resotuice ianue

mintnl ii ifdprlic ipatorv extelislili in pastoral 
areas. A reviow is beiiig prepared l'or practi-Agroforestry and pastoralism lioi.ers ili the field, niaking Lse ofcase mia
terial to sliow how researci . develoipmeit

In i)tll9 'R..\[Iiniiiated i scries oL'reviesws il and policy decisions cani build on the existinc 
airoflrtciv in aidil sldii i-arid lands. Tis klowledge base ihroutgh ihe direct itivolve
\5Lrk fouLi.ses primaily ili e.\ peri ence in (lie In LII pastoralists living in arid Iands. 
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Prototype trial with Ieucaena leucocephala planted In hedgerows along the contours at ICRAFs
 
ield station in MachaAos. Kenya. The mnterplanted crop is manize.
 

( .\1",' l'.JI c ' luI oll I \10"tI illIL' ll il i'I ,it.u al L lllu illill .illJL.I'Ni ',IhI)iI
"

III.'r-
, 

I;II l. 
+

,h.ll~l d irc,.l" -\stc'llls ls,+., .Soils, l kloth k lim s't+l(h )(0t,.IH ;l_'~ lllt~ 0ll[h1, aI llililitilll.IIlllL 


lC1i , ' l \ ,j I iu n i2 i ll .lI l i+.lC It lut i 'rk) l ;li;kul it l,.'l Illil\,. i'l.d0 A 11c l U l I 

C 111 illC\.''I .uI -IChu\ ' i t I ( ,ic ,i al i it.IHI iIIIIL'. l + N LL,1I itl. oIc I ltci hucIthl O'c 

_III_1 1illl llilns
On-station experim entation ,itlio)nal tl'01t1,1lsillIMI 1Ilc'6lh , 

r . l.h , ftl \ l _,_lZll'lill i r 
NtldiL",. Ilhis, 1ll 

,,tillinltr m : I WM). 111C ,,l'll, tVCuik Cd 
Ii11 1)t(1. C['I i dl ,wi~k ItL1.isl1 )1 l'()- 1l,00 \isih ",,.w ll 


" 

'-',Ilil'.W N+ l",..' , A( s'.~ [InL.1 \Cic~ll,N. hl '1,l~ h\',;i"N I)l iil ill W ' li,.']d rc , l110 1..' llill. ' IC-

N.i, n i i it lt +, Kc'n . 'Ih , K c mn r ,,u;n[chl 'iil,,() 111lllkiI+'(1.il1o,'- ., hL.T't duc\cl()
;lllllctl 

C1 11C'l . ll I)ItM\IdLc't(4 , ' X l.IhW Jlc'd ])ill'- itIhCII,. 'Ill li1 L ill 0 1111l'ltllC'llli llhL ik (IMlllIIIIS-t C Iil 

-likil \ ill li lutlc' I(IL 11 IICMl AIcl sl, t fl0l0lC',, I ,ll l~l h lii,ttlli';II J;II(IN ;I I (1 0 Ill ;iJ \. III l~l 

Ili. t ll h.' ', l I)C C I (11A l Sic,uh- Is, t11rCu ,il Illi tcO WU AAc 11n1Criii111IN i,,NI(ilhu~ ;Ii,"'Cllnill 'L~IM 

111lli1i 1illkd ,c'lill-ailid%,tilh rillilllll prclllioll i ll rW" tlll', i ,,ti. ,illiit;1i z.1\- 1i011iIL'ictrialls. h JS, 

I~_ ]13E
 



___ Z ICRAF Annual Report 1990 W 

Experiments 

* 	 Evaluation of prototype 
hedgerow-intercropping systems 

* 	 Comparison of hedgerow intercropping
and green-leaf manuring 

* 	 Tree/crop ,iterface with Grevillea robustaand maize 
* 	 Hedqg.-alley-hedge-alley (HAHA)

experimental design 
" Gliricidia sepium provenance evaluation 

Irial 
* 	 Tree/crop competition tor above- and 

below-ground resources 
" Agroforestry potential of pigeonpea

(Cajanus cajan) 
" 	 Comparison of annual versus perennial

legumes for soil improvement 
" 	 Soil-conservation studies 

Demonstration: 

* 	 Multipurpose tree and stirub collection 
(70 species) 

0 Intercropping with multipurpose trees 
* 	 Windbreak demonstration 
a Living fences 
a Soil-conservation practices with trees 
0 Short- and long-term effects oi trees 
0 Y-shaped (1200) layout with Cassia 

siamea and Ricinus communis (living
and inert fences) 

* 	 Single-tree/environment interactinn 
* 	 Rotational hedgerow intercropping 
* 	 Parallel-row systematic design with 

Grevillea robusta 
* Nelder fan systematic design 
0 Systematic design for determining 

optimum alley width for hedgerow
intercropping

0 	 Farm woodlots and fodder banks 

Table 1.Experiments and demonstrations in progress in 1990 at ICRAF's Machakos field station. 

graninies. and I'or the design o1 iiproved agro-
forestrry technoloies, 

Strategic research is still ita preliminary 
stage. I'ocusing primarily oin studies of tree/crop 
interalt:ions using simple nMIasurements. Dem-
onstrari ons and trials in progress at Machakos 
(Iduringi99o1 ae iisted il,Table I. The most 
iniporall of thee will he discussed here and 
also illthe seclion Ol m1ultipurpose-tree in-
provemen t. 

Rainfiall in I(991-al 1(31 inni-was 35 4 
higher than the long-term average. Total rainlill 
included 620 nm during the first growine sea-
son, fromnMarch to May, and 3(0) ll1lnduring 
the second season. lront October to December. 
Plantsillthe Iield station did not experience any
dhought stress during li Ieirst season, bult sole 
showed signs oflitrogen deliciency. This ny 
have been] diue to nitroigen lea:hiing from the soil 
duritng heavy rains.llrgular rainfall distribu-
tion during Ihe seconid growing season resulted 
in some evidence of moisture stress towards the 
end of the 'ear. 

= 14 1 

Assessment of interactions 
at the tree/crop interface 
By definition, all agroforestry systems involve 
ilteractions between trees ald crops or pasture 
plant,. A better underslandin of these inlterac
to llshould make it possible to designiIag'ol'ore
stry .,,stenisthat iaxi nli,zpositive effects and 
ininiinlie necative ones. Thus. a major research 
effort ilICRAF. initiated in 1984. has concen
trlted on detailed investigations ol'the tree/crop 
interface. conLIucICd al he Mac hakos fie ld sa
lion. Most experiments were completed ill1989. 
but at final ia'ill. OilfocLsing interactions be
tween iaize and (;r rIh-ON.'vilh, C0ontinlued 
into 1991. 

Early observations fron varioLis tree/crop 
interaction stiduies led to tlie ideinti fication of 
three crop zones in tree/crop-interface plots
the zone adjacent to the interflace where crops 
are alfected by the trees. the middle zone where 
crops are relatively free from outside effects. 
and the edge where crops are affected by the 
environment. Trhis work sLIggestC(e thal after



Component Interactions in Agroforestry Systems II 

Hedgerows of Leucaena leucocephala and Napie, grass (Pennisetum purpureum) interplanted with 
maize on a sloping field at the Agroforestry Resea-ch Centre in Maseno, western Kenya. The 
Centre is a collaborative project of the Kenya Forestry Research Institute (KEFRI), the Kenya 

Agricultural Research Institute (KARl) and ICRAF. 
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11o1 shade could have 1positive el'l'ccI oil crop 
growth during the hot. dry season, indicating the 
imptortance ol the orientation ol'lrees and crops. 

Triple-row hedges ofGievifee romastuwere 
established in I986 on small plots (11.75 x 
16.0) in, It four orientlations. Maize is pla nted 
next to the hedges and in control plots every 
season. Sonle areas of hederow are left without 
ad iacent crops lo assess he+.ge growth in tie 
absence of competition fron crops. The hedges 
are pruned at tile beginning of each cropping 
season, 

I-ldge measurements include heighl before 
the annual pruning. stem-collar diameter and 
the amount of bioniass rciioved as prunings. 
Cr(op Inai sitrtlinen ts incIu de plant lieilt and 
yields (fstover. cobs and grail, 

The experiment \ill be completed iii 1991. 
hut some early observations are of interest: 

.Maize y'ields tront the middle of intercropped 

plots are sinlilar to controls. suggesling that 
even in these small plots-only 11.75 in 
wide-lhe crop in the middle is influenced 
neither ny tree/crop-interface nor by edge 
elftlcts. 

2. 	Depending oii orientation, the crop on the 
sheltered side of a hedge has benefited in 
soiie, bittl not all, seasons. 

3. PrUnings from hedges Under intercropping 
are about 20 r/ lower than from hedges witl-
out adjacent crops. 

4. 	For some purposes, it is useful to compare 
crop data f'rom individual plants or rows, but 
aggregated data from the three zones-
tree/crop interface, middle aiid edge-pro-
vide a general practical assessnient of the 
effects of an agrol'orestry technology. 

Resource-utilization study 
The Productivity of plants depends on §'1,ir 
ability to use availtble growth resources-light, 
wVaelr and nutrients. To judge the potential pro-
ductivity of an agrolorestry system, it is useful 
to know the potential of the component species. 
Au experiment was completed in 1990 at the 
Macliakos field station to assess the potential 
productivity of three agroforestry species that 
were considered well adapted to the site: Gre-
Villa rhusta, a multipurpose tree: Panicum 
ma.vimlum, i fodder grass: and maize, the dotai-
nant agricultral crop in the area. 
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IPure stands or eachi species were estahlislled 
inl October 1987. and plots were harvested at the 
end of each growing season. finishino inJu\' 
1990. At the end o .33 months. or si\ growing 
seasons, total above-ground bio:,ass harvested 
was 45.(07 t/ha for lhe trees. 63.96 t/lia for tlie 
grass, and 22.98 t/ha for the mimz. 

These V;lues nust be treated with Sonle cani
tion since they doItnot include the bioniass of 
leaves and twigs shed naturally by the trees. III 
addition, probable differences in root bionlass 
prod+.uction are not included. Furthermiore, tihe 
grass and maize were fertilized every season 
while the trees were only fertilizted once, at the 
time of establishmen,. However. this assess-
IIcllt oftotal biomass producttioii illustrates the 
advantages of trees and grasses that exploit 
growth resources over longer periods than an
nual crops. It also suggests the importance of 
incorporating perennial grasses into agrolore
stry systems where appropriate. 

Soil-conservation aspects
 
of agroforestry technologies
 
Agroforestry's most important service function 
is soil conservation. including both control of 
erosion and maintenance of fertility. The soil
cinservatioin potential of agroforestry leclino
logies has been demonstrated il]d tesied at tihe 
Macliakos field station since 1984. It 1990, 
eight interlinked trials and deimonstrations were 
in progress on land sloping at 141. 

The trials focused on the direct use of trees 
in iedgerows to control runoff and erosion. 
while the demonstrations showed the sup
plementary tus of trees as additions to conven
tional conservation stractures. Trials and 
(emoinstrations in progress iii 1990 included. 
among others: 
* 	 A prototype trial of contour-aligned hedge

row intercropping with single hiedgerows of 
Leucaena leu'oceV7ala spaced 4 in apart. 
Treatments were: hedgerows with prunings 
removed: hedgerows with prilnings retained 
as soil cover: and control will no hedgerows. 

* 	 A trial comparing barrier and cover effects 
of single, contour-aligned Cassia sianea 
hedgerows spaced 4 in apart. Treatments 
were: hiedgerows witli prunings removed: 
hedgerows with prunings retained as sail 
cover: no hedgerows but soil covered by 
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I.and Available 
Soil-conservation Terrace Slope in Slope in for Crops
Technology Formation 1983 (%) 1989 (%) (% area) 

Fanya juu terraces constructed 9.5 3.6 67 
Bench terraces constructed 10.6 5.5 78 
Trees in grass strips natural 13.8 6.8 81 
Contour hedgerow intercropping natural 14.6 6.7 84 

Table 2. Terrace slopes and proportion of land available for crops with 4 soil-conservation 
technologies 6 years after establishment. 

prunings from an external source; and con-
trol with no hedgerows or prunings. 

" 	 A trial comparing single and double hedge-
rows of Cassia siamea at different spacings. 
Treatments were: single hedgerows 4 m 
apart: single hedgerows 8 m apart; double 
hedgerows Xin apart: control with no hedge- 
rows; and trees spaced regularly throughout 
the plot without crops. 

" 	 A trial comparing the effects of single and 
multiple-row hedgerows on the movement of 
soil and water. Treatments were: Cassia sia-
mea hedgerows composed of one, two, three 
or four lines of trees. 

" 	 A methods trial comparing the accuracy of 
erosion measurements from three plot sizes 
and two sizes of sediment-collection 
troughs. 

" 	 Demonstrations of the soil-conservation ef-
fects of trees on grass strips, trees on bench 
terraces and fruit trees with bank-over-ditch 
structures (called/fanyjuu in Kenya). 
Most plots were cropped twice a year with 

cowpea and maize alternating. Observations in-
cluded: biomass of hedgerow prunings, biomass 
and grain yields of crops, tree height, plant and 
soil cover, soil water, runoff, soil loss, nutrient 
loss, soil fertility and natural terrace formation. 
This work has led to the following useful obser-
vations: 
I. When young trees are established on grass 

strips or banks, they must be protected from 
grass competition to ensure survival and 
early growth. 

2. Fruit trees planted in the ditches offanyajim 
structures included orange, grapefruit, 
guava, avocado, mango, banana, mulberry 

and papaya. All have performed well, inak
ing good use of the land taken up by the 
soil-conservation structures. Planting in dit
ches avoids competition from the grass on 
the banks and improves tree growth due to 
increased ,nil-water availability. 

3. Contour hedgerows have led to the formation 
of micro-terraces, with risers stabilized by 
the hedgerow roots and stems. 

4. 	After seven years, yields of two crops a 
year-lightly fertilized maize and unfer
tilized cowpea-have been maintained on 
agroforestry plots. 

5.Contour hedgerow intercropping has created 
terraces as effectively as any of the other 
technologies tested and has taken up the 
smallest proportion of land (Table 2). Ter
race formation using trees on grass strips 
appears to be as effective as the construction 
of bench terraces and takes up a similhr pro
portion of land. Fanva ju structures have 
produced level terraces, but they take up the 
most land. 
The major observation in 1990 resulted from 

a storm in April in which 50 mm of rain fell in 
one hour on soil that was already saturated. 
Erosion on the control plots was 34 t/ha or 
higher, while erosion on the agroforestry plots 
ranged from 0.2 to 5.0 t/ha. Following the storm, 
cowpea growth and grain yield were higher on 
agroforestry plots than on control plots. 

In summary, all indications are that a well
managed system of contour-aligned hedgerows 
is as effective in controlling runoff and soil 
erosion as conventional approaches, at least 
under the climate, soil and slope conditions 
found at this site. 
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Comparison of annual and tree
legumes for soil-fertility improvement
Fi slcr,, the World ti'tllrouc.otu iditioallv 
Oi'M :ini1:i leeumimois crops. Stich as beans 
ind cowpea. iii 1,1 tiilder illlClrlolpillgrOltati1o l 
\ itlh cereils. These legunlies iIroduce edible 

grafin an(d help iinlli'po rt ililtv.soilI 13elore 
inlrodiciiie aiof'or,,rv, into traditional s\,.,- biomiass yields increased from (.85 t/ha in 1988 
k'iem,. it is iliporainlt to ask \\,helthr trees are 
ilor0\ uinable Ior,oi!-erilit\ inmprweien t o 
i hic basi, than tileC.1iiinm V IroIn12-ItIlri11 


iinual leguirles. 

A\n \periincnt \\,S 
 'establisl;ed in I( 99 :1 

llRA s N\lihlos held ,iation to coiipare the 
sotil-f'rtilit\ effecls of i shorl-scilsonll leIuinle 
(cos\ p, i.ailtill-Se.,,on legiiie (pi-eonllpealand 
'IICtinillLi, i-cec ( ;liil/i,, lwiuml). Theseiw 
are beiiie cross iun arinu, arailelinnl. islg 
iaiiie as aiIl imnprovements illtest Crop to detcC 

soil fl'rtilits.'The first resullsshtould beavailable 

ill191. 


Mulch, root and barrier effects 

of hedgerow intercropping 

I ltdgeross intrcroppline a collntribute to crop 
rlodLic ion Ihroughi aibove-ground bioliass ap-

plied ias1mnulch. thro0ugh nitrogCn l'ixation and
Olter root act ivit\ or throulh Coiitrol of, soil 
CrOsiOn 11\liCdtlCs iclilg iasbIrriers. An experi-
nient be,an ill1987 at the Milachikos field sta
tiln to ieaStLiC the efcCs ofl"1l mulch separately'
Ifrm the other ef fects of hederows. 

binm (1(11 /1,( 1 , .,pha/ aid (as.ia .sianeu 
\\e iplanted wkiti inlniiaz in hedgero\v-inter-
ciopping arringei ien tncLit regularl, lind all 
IPrnii1ii s retuL rued to lile interp lant ed iriize 
crops. The tm o tree species were also plan' d 
sepiirately in blocks aind aga.11iiiculrenila.u'ly, and 

Table 3. Annual production of leafy biomasf; (t/ha dry wt) from Leucaena leucocephala and Cassia
siamea under hedgerow intercropping w th maize and planted in blocks at Machakos, Kenya. 

Leafy Biomass Production (t/ha dry wt)
1988 (1pruning)

Leucaena Cossia 

Hedgerow intercropping 1.04 1.16 
Block planting 0.55 0.62 
Average 0.80 0D39 
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all prtning, apliCd 1o miize gro'wn SCpi'ateli
in pure Ntdnds. 'hi'llproploi'on o1 land under 
trees and crops w;S th, samC under the hedtge
row-intr.roppini, and tileblock-planting, ss
ferns. 

The trees were first pruned illNovembni 
1988 and aiterwards li'onr timnes ,lyear. Average 

to alout 4 t/ha in 1990 (Table 3). The two 
spcCies prod uced similar anotnlts of biolnass in 
tlie first two years. bIIut produc'tivityinI99( tile 
o1" ', caCMa sUrpassed that l"'cassia )y 4814. 
TrsTUnder hegerow intercropping general \, 
rioilced morC hiolass tun trees planted in 

blocks. 
Maize yields were onlaverae 2(0 to 381,1(

higher tinder lied er(iw inl.tecroppiing than with 
iulch froni trees planted separately (Table 4). 

Maize N,ields were similar iiiassociitioni with 
either leucaena or cassia. The higher maize 
yields Under hedgerow iilterc-ropping could be 
dule to hilher bioiass incorporal e(. in tile alleys 
or to positive tree/crip interl'ace effl'ects. Ilow
ever. iiiaize yields Under hedgerow intercrop
ping were ishih of inai;e()ill\, Iias y'ields 
plalted over entire plots il lmre stands. indicat
ing that., at this stae of tihe stlud), e improved
fertilitl in allo SWits only, eOLugh to COIllIpill
sate for the airea laken ipby hedgerows. 

Tree/crop competition for above
and below-ground resources 
The design of agrolorestry tcchnologies re
qui res quantlified ihilorliation on resOUrce shar
ing and compelition effects between trees and 
crops-in iforlatiini that is ilot \et widely avail
iable. An experiment was establhisld at tie Ma
chakos field station illNovember 1989 to assess 

1989 (4prunings)
Leuraena Cassia 

3.78 3.37 
3.55 3.07 
3.67 3.22 

1990 (4 prunings)
Leucaena Cassla 

5.31 3.78 
4.37 2.76 
4.84 3.27 
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Maize Grain Yields (t/ha dry wt) 
1989 (March-July) 1989/90 (Oct-Feb) 1990 (March-July) 

Leucaena Cassia Leucaena Cassia Leucaena Cassia 

Hedgerow intercropping 2.47 2.80 3.08 3.72 2.46 2.60
 
Block planting 2.04 1.95 2.51 2.75 1.83 1.86
 
Average 2.26 2.38 2.80 3.24 2.15 2.23
 

Control 2.04 2.86 1.84
 

Table 4. Maize grain yields (t/ha dry wt) under hedgerow intercropping with two tree species 
and in pure stands with mulch added from separate blocks at Machakos, Kenya. 

ab;ove- and belo.-.iroun( competition between 
rol.ws ol Lt'llf 'o'eplilaand adjacentl11aena he 
mai/e crops. On sonie plots, tle Ilucacrna is 
ii iaiiag-c(I as hcdgcrowvs regtar ttin. Whilewtll".LW cg 
oil lher plot, lile trees re allowel to row tc. 
IhCir full height. 

Galvaniiied iron sheets were buricd to a 
depth of I in between trcc and crop rows ',cn 
sotire plots to CliminIate most bhlowk-ground 
compelition. On others. the trees were planted 
illtrenches 40 cii below tilerould surface on 
lie premiseIatthIis might also iniimize roote 
competition witI crops. On sonie plots. Irces 
ald crops ''Will oreceive inlCaSLrCd (uiatilies 
water-base1,d on poiten tia] evapotran spiratioi 
and wter (.l'icils-to eliminate coimpetition 
fk inoiStUre. 

Th'le trees 4rcw well in 1990 except inl one 
stnken-plaling plot where they suffered fIron 
telmporary waterlogginiig. There was rio cvi-
(lencet li.: the metal barriers affected tree 
ornwth. The first "eell.maize crops also grew 
anl all in(icatiolis are that this experimcnt wvill 
providc usful i fornsiation illthe comino sea-
sons. 

Open-pit sunken planting 
Wiattr stress (uring the dry scasom can cause 
hi lil lortalitil' rates an(t poor growth wili 
VOL1iii trees are l antc(l to tie out, addlillg X 
ie iise. Iab iur iq ui reiini2ts an uldclav in est ab-
lishin g in agroforestrv technology. Two 
exlieriiimenits were CO(lnCte(l 1Atthle machakos 
fieIM stat iol to com-pare slaila:(l planting teci-
lilUes with stikn plantiiig iliopen pits. 60 cii 
leep. leaving the seedling r(it collar about 45 
cin below .grouni( level. Results were compared 

in terms of treC survival, growth. the lining o1" 
flowcring and iling. and hioi ass allocation 
witllil lile plall. The hypothesis was thIat opell 
pits, togtetr with tpsIOpe in ii-calch inciis, 
wVol.l(.liswater reservo is.,increasing Wi.watcract 
retention and d'ecreasing cvapotranspiration. A 
I'urthr hylplothesis s thallItrees plante(l ilsuli
ken pits would dcvelop roots ili deeper soil 
Strata. Wc.cii6 i petition with ad(.jacent Fiekl 
crops. 

Work began in 1984 with Ac'icia mll l'/'I. 
Early results showed a positiveeffectlfor sunki 
plallin.g in terms of lieight growth and dry-mial
letyiel. InApril 19X7. tile wasexperiment 
repeated ol a lar.ger scale withIi Letw'cna le 
'ocephala.AgaiiiresItS show(el I)Ctcr 1rotvll 

and sillificantly hieher sLnrvival rates ,With sun
kein plantiiig. Twet1y monlths alter ilanti.g. 
7414 of the seedlings in pits had stirvive(,. coin
pared,with only 451i of those platled(lt ground 
level. The avcrage lieight increase otr seellins 
in pits was 2(15.5 cii. conpared x ith 137.4 ciii 
Ikr .cellinris at 4rounl level (Uirttre 1).The 
positive cllects of sunken planting, began to 
tapcr oIf about i 16 monthIis alther establi,,hinnt. 

The IcLtcaena ecd(linrigs ill pits shov, C(fewer 
indications of water stIrss during the (r'ysea
soil: orilyv 25 . showed sig-ns of wilt iini or lop 
(lie back. comiparedl with 55(1( of seedlings 
p11alCted at1gl'Oi(l level. Possibly due t itheir 
lie tte r col (lition at ilie elld of tlie (Irv seasoll. tile 
scedlirigs illpits respoll(I( illlnlcialtcly to 
small levels of precipiiation at the bheilinilu; of 
tlie rains. 

The sec(liiigs iii pits also starled fllowerin 
and pro(tiCi )ods six to eighl .licr1mouth11s eal 
thiall at lroull(,I leve. for thisIhose Perhaps 
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reason, differences in total bioniass 20 months 
after pknting were not significant. The average 
shoot/root ratio for the seedlings in pits was 
0.96, compared with 0.63 for those planted at 
ground level, 

The second Ilypothesis-that seedlings
planted in sunken pits would develop roots in 
deeper soil strala-was not substantiated. Many 
roots arched back towards the tipper soil layers. 
where they would potentially compete with 
roots of adjacent crops. 

Natural repellants against browsing 
Two experiments conducted at the Machakos 
field station tested the effectiveness of' natural 
repellents. widely available to farmers, in pro
tecting Let'uena lem'ocep ult seedlings from 
damage by browsing goals. The first experi-
men. completed in1988.showed that terminal 
shoots protected with clipped sheep's wool or 
kapok (Ceiha iwntanm'a) seed fibre suffered 
nmarkedly less browsing danage than untreated 
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shoots or shoots treated with other materials. In 
the second experiment, conducted in 1990, 
these two repellents were attached to terminal 
shoots and 10 days later the seedlings were 
exposed to browsing by five adult goats for a 
period of six days. 

Again, the sheep's wool and kapok fibre 
reduced and delayed damage from browsing 
(Figure 2). Their declining effectiveness over 
the experimental period was largely due to 
strong winds that blew them off the seedlings. 
In this experiment, the repellents were attached 
to the seedling; using an inexpensive, conimer
cially available glue: clearly. their effectiveness 
could be enhanced by using a better adhesive. 

Hedgerow-intercropping prototype trial 
The potential of' hedgerow intercropping for 
sustained production has been demonstrated in 
the humid and sub-humid tropics, but its poten
tial in the seni-arid tropics is not well estab
lished. In this enviroiient. the tree component 

Figure 1.Cumulative height increments of Leucaena leucocephala seedlings planted 
at ground level and in sunken pits at Machakos, Kenya. 
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Figure 2. Damage to the terminal buds of Leucaena leucocephala seedlings covered with sheep's 
wool or kapok seed fibre and exposed to intensive browsing by adult goats at Machakos, Kenya. 

may compete with annual crops for soil mois-
cure, causing substantial reductions in crop 
yields. However, contour-aligned hedgerows 
on sloping land may reduce soil erosion and 
indirectly contribute to the improvement of soil 
fertility. 

The establishment and maintenance of 
hedgerows is labour intensive and it is important 
to assess whether hedgerow intercropping is 
viable in economic terms. A system that pro-
duces hedgerow prunings for livestock fodder 
may be more attractive to farmers than a system 
in which prunings are returned to the soil. 

Four systems arc being tested at the Ma-
chakos field station on plots of 300 to 500 sq 
ni-large enough to allow the evaluation of 
labour requirements and economic impact. Two 
are hedgerow-intercropping systems with Leu-
caena leucocephala and two are based on an- 
nual crops only, with and without moderate 
levels of fertilizer. In one of the hedgerow-in-
tercropping systems, the prunings are used as 

mulch for soil-fertility improvement, and in the 
other they are fed to oxen and the manure is 
returned to the soil. This trial was initiated in 
November 1989. The first results will be avail
able in 1991. 

On-farm research 

ICRAF's on-farm research programme is an 
essential component of the agroforestry tech
nology development process. The objectives 
are: 
* 	 To study existing land-use problems and op

portunities, use of multipurpose trees, and 
farmers' agroforestry systems in order to im
prove on-station and on-farm research plan
ning and analysis 

* 	 To design and test agroforestry technologies 
that can be expected to contribute to the 
improved productivity and sustainability of 
farming systems 
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* 	 IO C"VIal tlete liCacCept abili , 1(1ptential research at otlier sites is rcp)oii ed uinider'i1ad (oi1-lr.11 i 

stocit-Col-l't li imll),tI ol'agrol'orestry tech-
 the respective AFR iNA p~rogramenns. 

" 	To develo) on-l'arm research miCtllods for Review of methods for on-farm

wider LIse throi(ilh I(RAF' ctlhaborati\,e research
 
programNels: 
 these ntI-st be cost effective A 	 revix' 1 methOltds I'r on-tr-Ii' rsearch.aM scientifically r i(i in iust entSi irc t+dieriakcen in 1989. culiinated ill an 	internatihe active pan-ticilmtion ol' irinlers. tiona w irksh() on "Meti (1, for ParticipatoryThe prurainl me Cpliasizes the interaction On-rarin Agrol'orestry Research'. held atIlrscientists vith hall+iels aii d extensiolists, a ICRA F helara tCrs inllruary I9(). The oh-IoclS Lil prt)d tio(iLii S'stellis, 11ei djrsc lf-Ii jective iew''i recent


mar' approach to research. collaboratiol 

was to c\v Ilrogress alld to 

xitl provide some preliininary guidelines fornational Ia id lternatilla rescarch cen tres and workers ill lie l'ieId. Tile 69 par licl-iIs reprcdex'elopilelt agencies. Iild C()iil)1tmellitality selied 28 agroflrcstrv research aiid+ deelo)pwili research oii sialtioi. 
1Ii 

ment pro jects iin 16 couiit ies, plits several
1990. IWRAF comdicted oniil-inmresearch internatioiial ceitres aii(l three dohnor rean izaill Iie ,Sinall-li-m ie icas1I of'a stern and sLulhern tiois-the Rockcleller FPoniidat}iol, tile FordAfrica-Kakyttiini an d asen(i in 	 Kenya. Li- Folindati oii and tlie ]it crlnatLt'InaIl D)ecloprmcli

ILonigxve il MaLmaxi. Kabale iii Uglanda. and Research Cciitre (IDRC) olCaila.
R\crere iii Rxanda. In 1991. n-am research Thirty- loLl r palers described nle\x'!lv de-Will he CXteiCd t0 Eiiibr in Keiiya, Chilmla in veloped research methods or Iii-larn researchZambia. and (}iiega inl FLirud(i. Work at Ka- activities iii specific agro forestry field projects.
kuv\un1i. initiatted il 1985. is relorted here, while iThey raise( several imlortant issues. 

ICRAFs collaborative research in western Kenya includes on-farm fodder-bank trials with Leucaenaleucocephala and Napier grass (Pennisetum purpureum) in a hedgerow-intercropping arrangement. 
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Collaborative on-farm research team meets withi a group of farmers 
in K~sUm7u District, western Kenya. 
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More formal experimentation may be appro-
priate in the latter stages of technology develop-
ment to investigate factors influencing
adoption. However in sone cases. informnation 
on technology adoption and modification by
farmers may be obtained more efiiciently 
through cautious extension followed by careful 
monitoring. Experiments to investigate bio-
physical variables are often best conducted on 
stations and on 'satellit,.' research sites under 
the control of scientists, 

In situations where biophysical variables 
need to be studied on farnis, the wide variability
in site, seasonal and management factors can 
pose serious problems. ICRAF initiated a study
in 1990 to investigate the pattern, scale and 
seasonality of variability associated with differ-
ent crop and tree components on small farms. 
The study focuses on 12 farms near Machakos, 
Kenya. 

Yields from selected fields will be measured 
over six growing seasons using agrid of quad-
rants. The study will produce information on the 
relative magnitude and dynamics of variation 
within and between farms and between seasons, 
leading to guidelines for experimental design
and analysis such as the optimum size and shape
of experimental plots, 

Another widespread problem relates to the 
collection and analysis of data on soils. ICRAF 
is compiling information on soil classification 
and soil analysis in Eastern and Southern Africa 
for use bN agroforesters conducting on-farm 
research. 

Socio-economic research 
Enthusiasm about agroforestry as an approach 
to viable and sustainable land use must be ac-
companied by detailed analyses of the real 
benefits, costs and risks involved in the adoption
of' specific agroforestry technologies. As a first 
step, ICRAF has conducted three literature re-
views on the economics of agroforestry. The 
most recent, conducted in 1990, will lead to the 
publication of an annotated bibliography on the 
economic analysis of agroforestry technologies. 

The review covered 230 documents col-
lected from institutions and individuals around 
the world (Table 5). About 80% of the studies 
reported were based at least partly on empirical 
data, for instance from farm surveys, case 
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studies or research-plot measurenents. The 
original documents covered in the bibliography 
are all available in the ICRAF library. 

A special project on soci-economic re
search in agroforestry was initiated in 199(0 with 
funding from IDRC. The specific objectives 
are: 
* 	 To conduct socio-economic research on the 

performance and adoption potential of agro
forestry technologies for targeted land-use 
systems 

* 	 To train and support national scientists in 
planning and conducting socio-economic re
search within the AFRENA programmes 

* 	 To develop cost-effective methodologies for 
socio-economic research for wider use by 
national scientists. 
Within the AFRENA programmes, the em

phasis will be on short- and long-term cost
benefit assessment, household and community 
priority setting and decision making, and risk 
and uncertainty analysis as they affect the adop
tion and potential impact of specific agrofore
stry technologies. To share information and 
help coordinate socio-economic research and 
training activities in Eastern and Southern Af
rica, ICRAF contributed to an informal meeting
of economists working with international 
centres in the region in June 1990. 

Agroforestry extension methods
 
and materials
 
Like agroforestry research, agroforestry exten
sion is a new and rapidly expanding field with 
numerous, uncoordinated activities throughout
the world. ICRAF has initiated a worldwide 
literature review on agroforestry extension, 
aimed at bringing together a complete collec
tion of documents and publishing an annotated 
bibliography in 1992. 

In addition to the literature review, this in
itiative includes field visits to agroforestry ex
tension projects in Eastern and Central Africa. 
Work began in 1990 with visits to three projects 
in Kenya. 

Preliminary observations suggest that oppor
tunities exist for strengthening communication 
between researchers, extension workers and 
farmers. A common strategy is to experiment 
with agroforestry technologies on station and to 
demonstrate them to farmers at the same time, 
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sometiles with incomplete information on 
their biophysical and economic performance. 
The risk of promoting untested technologies 
prematurely could be minimized by strengthen-
lig communication and collaborative links, 

On-farm research project at Kakuyuni 
In 1983. scientists from the Kenya Forestry 
Research Institute (KEFRI), the National Dry-
land Farming Systems Research Station. the 
Machakos Integrated Development Project 
(MI)P). and ICRAF conducted a diagnosis and 
design (I)&D) survey in the area around Ma-
chakos. Kenya. Based on this study. KEFRI 
initialed the Dryland Agroforestry Research 
Pro ject in collaboration with the other two na-
tional organizations, with ICRAF acting in an 
advisory capacity and funds provided by IDRC. 

The ioalis to develop improved land-man-
aenient systcins using ;agroforestry for mixed-
farming areas in Kenya's seni-arid zone. The 
project has an on-station component near Ma-
chakos town that focuses on hedgerow inter-
cropping and the effects of mulching on soil 
fertility and crop yields. 

The on-farm component is based in the Ka-
kuytn! catchment area, at an altitude of 1200111. 

Annual rainfall averages 600 mml. divided 
roughly equally between two rainy seasons. 
Farm sizes vary from 3 to 17 ha, with a high 
proportion on sloping land. Farm boundaries 
were adjudicated in 1986 andiare often (eilar
cated by boundary plantings. The most coninlol 
crops are maize, beans, pigeonpea and cowpea. 
Farmers use oxen for ploughing and also keep 
other cattle, goats. poultry and rabbits. 

Most fairms are divided into three sections: 
croplands. grazing lands and home compounds. 
Farmers address soil-fertility problems by rotat
ing crops and applying manure: there is little 
evidence of fallowing and1no use of chemical 
fertilizer:;. 

The major problems reported during the 
D&D exercise were soil erosion, poor soil fer
tility and fodder shortages, especially at the end 
of the dry season. Major constraints to increased 
production were low and erratic rainfall and 
scarce farm labour. 

The survey team identified sevenl promi
sing agrolorestry technologies for the area. 
These included hedgerow intercropping, reha
bilitation of grazing lands, fodder banks, living 
fences. trees in home compounds and fruit tree 
production. 

Table 5. Distribution (%)by region, agroforestry technology and type of economic analysis 
of 230 documents covered in ICRAF's literature review on the economics of agroforestry. 

Percent Agroforestry Percent Type of Percent 
Region of Total Technology of Total Analysis of Total 

Asia 31 
Africa 27 
Latin America 12 
USA/Canada 5 
Europe 1 
Australia/ 8 

New Zealand 
Global 16 

Home gardens 4 
Trees with annual crop 25 
Trees with perennial crops 9 
Traes with pastures 19 
Woodlots 23 
Fodder banks 3 
Hedgerow intercropping 14 
Trees on contours 4 
Boundary planting 5 
Living fences 3 
Windbreaks 6 
Taungya afforestation 14 
Improved fallow 5 
Not specified' 20 

Farm budgeting 20 
Cost-benefit analysis 54 
Optimization model 13 
Agroforestry sector analysis 18 
Regression analysis 1 
Economic concepts/ 30 

methodology 
Computer programs 4 

Note: Studies may cover more than one technology and type of analysis. 
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l-ledgerow-iiitcrcropping trials were estab-
lished ol three local flarms ill1985 and extelded 
to six additional larms ill1988. The hedgerows 
are inanaged primarily by project stalf. while 
tile crops. It has been diffi-f'arlners in anae tile 
Cult to draiw preciSe conciusions IioilIiihese 
il,. due to variations in Site coilditions anid in 
tilefarners' manageinent practices. Ilowever, 
y I991). some observations vere possible: 
ST'o hedgerow%species. C'ussia .viamea and 

Gliricidia.,Tpi,.proved to be well adapted 
to tile eli roliiienl and suitable for hled ge-
row intercroppilng tuder on -farm coniditions. 
LUdlla'nallch'COC ehlhal suffered high losses 
due to browsing, 

* 	 Choice of crops and decisions oil crop man-
aenient were left to tilef'armers. Although 
plantiig densities varied widely, crop then-
silies Under hedgerow iniercropping, with 
hedges spaced at 4-ni intervals, were not 
necessarily lover thall illpure ands. 

" 	 -ledgerow\s were coppiced twice a year at tile 
beginning of the two rainny seasons and were 
somletimen coppiced twice more during the 
gro wine seart soiiS. Bimla SS produtction 
tend"'d to be small, with wide variations. 

* 	 Sonie participatiig farmers expressed con-

Cern1 about tile
labour required to manage tile 
syslel. 

Given tilelow bionlass yields from hedge-


rows. it is not yet certain whether hedgerow 

intercropping cai contribute sufficiently to soil 

fertility iii tilesemi-arid environment of' Ka-

kuyuni to justily lnd aiid l:lour costs. The 

farmers' assessment of hedgerow intercropping 

wVas iiot positive enough t0 s!iitilate wider 

adoption. One of the nine participating farmers 
has abandoned the trial, one has taken over 
management of tilehedgerows. aiid one has 
decided to plant additional hedgerows inde-
pendently. Only oiie ioii -participating farnner 
has adopted tiletechnology. 

During tile
D&I)exercise, flarmners expressed 
a strong interest in fodder improvement, par-
ticularly for their draught oxen. Experiments 
coiulicted in 1984 and 1985 focused on ways to 
increase fodder production through better man-
agernent of indigenous trees. Useful species a-
ready growing on local farms included Acacia 
fortilis, Balaitesaeg.\)tiaca and Coiniphora 
aqfiicana. Micro catchments were built around 
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trees to improve Wiater avai lahility, ynuac1 trees 
were protected agiainst browsing animals, and 
trees were pruned to promote 'laster growth. 
AItIhough results were enc(uraging, no farmers 
appear to have adopted these practices. 

At tile project team imtrod ucedsame time, tile 
a full rehabilitation package oil severely eroded 
grazing land provided by two larmers. The main 
components included protection by fencing, 
ditch COlst ruction flor rosioi coiint0rol. an1d initro
duction of fodder grasses and tree., including 
Faihlhriab a/hihl. Prcsopisj.Jli/l' and Len
c wna lICO c'phalci. Alt hougli results were not 
monitored illIiantitative telm11S. i llnprovelnletlS 
are clearly visible and these plots serve as a 
denionstration to surrounlding !'armers. 

I October 1988. leticaeiia fodder banks 
were established on four of tileparticipating
farms. rwo of these are managed purely for 
fodder production, while tileother two combine 
leutcaena inlercropped with maize and beans. 
Initially, poor tree survival aiid low productivily 
were related to poor-quality seedlings and poor 
planting techniques. As these problems were 
resolved. fodder production improved. By 
1991), three of tie participating farmers were 
managing their own fodder banks and two had 
extended tilearea devoted to tree fodder. Many 
larmers are interested in establishing fodder 
grasses and some are trying to establish fodder 
trees wilh support from tileproject. An import
ant factor is the growing market for milk. with 
another project iii the area focusing on small
scale milk production. 

Boundiry plantings are common illKa
kuyuni, but mOSt fences to co'trol livestock are
 
composed of dead thonly branches ol'Balaitfes
 
aegypfiaca and various acacia species. The pro
ject team tested living fences on the grazing
land rehiabilitaion plots and at the central 
nursery usinrg Acaia Mlc'il'ra. Parkinsonia 
cleala, Collwani qafic'lla, Cat'salpillia 

spinosa and Zi-iplhus iallririana. 
Problems for farmers wishing to introduce 

living fences included tilelabour required to 
establish, maintain and protect young trees and 
the long delay before living fences develop into 
an effective barrier. In 1990. two collaborating 
farmers planted living fences of Ahc'ria cal''a, 
Acacia mnefl'ra and Prosofis f, i/hn'aaround 
their lionie compounds on their own initiative. 
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I)uringt Ihe D&D exercise, farmers expressed 
pirticular interest in fruit trees-incltdin.g ci-

tpaaa, mango and gua,.a-a reflection of 
1ood niarketing potential in the area. Initially. 
pro.ect actlivities were lirited to tie provision 
of, seedlings. A survey condLucte( ill19X6 re-
vealed poor sourvival rates, ran1ging'fron 7./ for 
gl,av;ito 5,(( for rougiih ICmon 

Ihe most popular site for P1lanting fruil 
species and olher trees is the homr1e COnipOulr(. 
I lo\ever. a survey conducted in I9X9 indicated 
thi tree survival rates were as low as 37(/ in 
borle coMiFinds and 3(( inicroplands. 

In April I989, tilepro.,eil team showed 

'armers a1beier \way to plant :rees. This in-

v\ I lvedPruning the rotIs of' seedlings and(lhe 
sterns ifnecessary, digging larger planting holes 
(50 \ 5t x 50 cim) to encoturage rapid root 
developienli and planting promnptly at the be-
girlning oftlie ra iny sea son to take advaiitague of 
all available moisture. Researchers worked with 
1(0famners \1ho plinted a total of 60 trees. 

At the end(f eight months, 90(/ seed-

II's,. 


of tile 
lings had survived and growth rates had ira-

Better tree-planting 
techniques can improve the 

costs, benefits and risk of 
agroforestry. ICRAF staff 

worked with farmers in 
Kakuyuni, Kenya. to 

introduce new techniques 
that dramatically improved 

seedling survival rates. 

proved signi icintlv. A much LrtUer nUmllber o1 
farners adopted these practices in 1i990. and 
tIley' planted atwide rainge of species. Again 
surviv alrales were high. thanave raeinc n1101-e 
8W4.
 

A survey in Jtine 199(0 of 15 firms--the 9 
partiicipating in tileproject phis a control grotlp 
ol'6-sho wed a.Itotl of.9()2 trees of 3X difflerenlt 
species. More than 54(4 of trees orowing in 
hoIle COMlpOL)(IS arid more than 61 7,of those 
growing in croplands had been planted since 
November 1989. 

The most populir species were ('assia ia-
Inca, (;rrvilha robsla.Melia azedarach. er-
Minalia tni/lV arid. a.ilorig the frlits, rough 
leiion. piipay'a aind banana. 

Experience at Kakuyurii has shown. thai bet
lettree-planting lechliques can draniatically 
improve the cost/benefit ratio arid risk f'lctors 
tiat farirners consider wherl adoptiri an agm'go
foreStr'y tech nolo0gx. Ill part iclfar., farmers nlist 
see econonlic benef'its in addition to tilelong
terii-and perhaps iure iniangiblc--heriel'it oi 
improved surstainabibi ity. 
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It is not unusual for a smallholding in Kenya's Embu District to include Leucaena leucocephala,
Grevillea robusta (lopped to provide fuelwood), banana, cassava and Napier grass

(Pennisetum purpureum)-all densely interplanted. 
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Multipurpose-tree Improvement 
for Agroforestry Systems 
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Sesbania sesban interplanted with maize on a farmer's field in western Kenya. This is one of six 
multipurpose-tree species selected for initial studies under ICRAF's breeding research programme. 

ICRAFs research iroritlle on the improve-
me 1 OillmuhilurlptIsc treCS ur aglr)l'tcstrv s\,,s-
tern, is desilued as a dccntlral izcd 
collabtortlive activit\ v,ithin the framewvork of 
the A21eIt tiwetr. Rcsea rcI Net,,,orks ft i"A lrica 
(.:FRFNAs). Much of this., w'ork is cocltedLCtC< 
at the Naseno Aerof0rc,lrv Research Centre itl 
,,stern Ke'i,,a inl collabiration v ith !IEFRI 
ad tihe Ken\,it A;\ericu, ltuial RescCath IWititutC 
(KARl). Work at Nltseno ill99( iltcludCd 
slecies-rclerlclce slrve\s. selection and 
lrCedinc re Ser tcIo'ive hioih-lpioritt species. 
btcedine hiolo.y atid latioiulettie propagL 

an r. h on r-oot s r'iIbits.studies,, eec telCe 

Re,,rch o tIlilipurplose rsc it the Ma-
ChakO, Ii,.d statiol incuIided tiii k l(;li iiii 
.A'pilun proveaiinces anl1d Clu/aulli.s ca/an 
lprogen\.\ A stud', Was also CompleICtCd in 1990 
to hulliPdevclpmore preci.,e ielltods for ats-
essing trc heIcli )lgy. 

Programme az.ctivities il 199( at ICRAF 
head.I liartr rs ilCIluC(I tile Ilher deVt ICpmeCn1 
of a computCrI:Cd inVCntorial ditlatasC of1 
mu,llil)lirose tS ,C,an1d shrubls aMd lpreparatiOll 
ol'the scCon. Cd ititoll )s,ItCeai'itllltil)Ilt'r nd 

shrub sced .ircctor'. stalflso crilratmecom
tribtitei. to ICRAF-s trainineu activitics. 

Finally. alpro.ject was initilted in I 9( to 
evallute trCC specie,, folr the lowv-nutriCnl, acid 
soils of' West Africa's huIm1id loland,. This 
work is based at the hutermtioml Institute of 
Trolic.l Agriculture HIITA) in Nigerit. 

Species selection and breeding 
research
 

RCsults ron1 diag2nosis md desiun (1)&I)) exer-
Cises, mul U'ltipuros-tree surll'Cve\'s, and slpecies 
and pO1 Vtn-nce trials in Faltern aid Ceitttail 

129= 



[ ] ICRAF Annual Report 1990 W 

Number Percentage
Species Mentioning Mentioning 

Markhamia lutea 69 78 
Grevillearobusta 61 69 
Sesbania sesban 41 47 
Leucaena 32 36 
leucocephala 

Cassia siamea 12 14 
Ca/liandracalothyrsus 
Albizia zygia 

22 
17 

25 
19 

Melia azedarach 8 9 
Terminalia brownii 3 3 
Chlorophoraexcelsa 4 5 
Maesopsis eminii 4 5 
Casuarina 

cunninghamiana 
4 5 

Cassia spectabilis 2 2 
Veronia amygdalina 2 2 

Table 6. Multipurpose-tree species mentioned 

by 88 farmers in 5 districts of western 


Kenya in response to the question:

'Ifyou could plan' only 5 tree species


inyour cropland. other than for fencing
 
or for fruit, which would they be?'. 


Iilliniiu tspecits based oli a strd,ads for spe
cilic traits. 

Inearl)' I990. progamme stfTf carried out aI 

coiprehenhsie search for pius trees iii Keiiva. 
tlsinw different ilieliods of selectioii dependin.g 
onl patterlns, oflrce disribultion in the field. Seed 
was collecied from the Ifollo, \.lu trees idenlti
fled ats stiperior phenotypes: 38 St'. baiasex
hn. 15 bush\ and 4 tall types o1" ('alliudr
Culti.vi-si. 2 bushV !nId 1( tall types of" Lr.
(*(It,/ "t p/lul1. 6 tall types of L'utcalCU 
diver.%illiu, 57 Grevl//,leirobt. front western 
Kenya. 93 (revillhu Frohmtufro1 Mere and 
Emn l)itstricts ineastern Kenya. and 4 Mark

lin h'wa. 
h ri c tt s. 

TLe ceneic tra!'s o1 all these plus trees will 
he assessed hy open-polfinaled progeny trials 
in multiple locations. Results will provide a 
basis for selectine trees for adv\anced-genter
ation breeding. Seed orchards and tree bintks 
are also heing established at difltrellt locations 
in Ken\'a. 

Breeding biology
and propagation studies 

Alfrica led to tile seleciin of six species for 
initial Ibreedlinrr'eavcl.I These are ,.Sexhunia 
.. /hin, Grvi/h'ii ro/i.ah. ('Cllimdrn a/lo-
f.\'/..i, .l11iA/iu/ii ilet. I.1'ellen t' e-ae hut 
itl and l.(itlu di .%i/i/i.. 

Species-pre ference SLlrV\'es Conlducted 
it anoll,'liners in western Kenia in I989 aid 
199) _eerillk stupporlttd this selection. For 
exanple. Iabhle 6 su6 iZi,,eiCsuhts froni a 
iutillipurpoe-1-ee specie,.-pifreeriLce survey 
carried out in Marca l990) in South Nyanza.li 
Siava. KaLneua. Busiai and Bungonma Dis-
Itricts. 

The niexl lep s\as to ident ilv base breceding 
p lha ll Ie Species. VariatiOtlS Ill tree1 1 ,, 'CICI 

rt Il' 1,fors (ideotI pes) :and growt li Crltorni-
aliice \cl rec(lrded In i field surveys, and an 
ideal ideot\pc I'pi,, tree') its, ident ified for 
CiIchl of the six species. takin into accoulnt the 
requirelielts OlFagrolres lr\ tech nologics, le-
s'ile 1r, prodlcts fromn dilerent secie.,S.and 
coiupalib 'it\' s itli appropriate crops. Grading 
rules v.crc de\loped for plus trees of each 

Proeramnme staff are recording data on tree 
development sequences in order to coRv.,truct 
flowering and fruiting calendars as gI deli ties 
for pollel, and seed collection. This \york has 
already led to interesting observalions on polli
nation and fertilization iechan isins inl Grevil
lea 'lusta. 

Although this species ispreponderantly self
pollinatiig, artificial cross-pollination was 
readily perforned. which suggests that popula
tions ol'(reilluruhusta nmay not he as inbred 
as w\;s pre'lotlsly helieve!. Simifar work is 
leading to tile identification of improved pol
len-landling and controlled-pollination tech
niques for two other species--('alliuidia 

eSh',tia//IvI.\I and unia .vveha1l. 
Research also started at Maseno in late I99 

to develop vegetative propagation techniques 
using siniple. low-cost equipmient. A non-inis
ting propagator sN'sytem. designed by the Il
stiluLte of Terrestrial Ecologv (ITE), is beiii 
used ill th1e fblIowin, studies: 
, Sciection of appropriate roolig iedia for 

cuttings of diffTerent species 
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* 	 Ef'ects of'scion size (1nuber of'nodes) on 
tilesuccess oi'cleflt erl'ine 

* 	 Effects of ortet (parlie+nlt tree) age and the 
locition of scions within te tree canopy oil 
the success of'roolinu and eraftine. 

Elaluation of Gliricidiasepium 
provenances 


(;liiIiU A'liom is a leg u!llinlOLuS iree dis-
trihuled ntaltllv' in the western ttfleis-
phere--fromni SOtllhern Mexico throglh Central 
America to n1ort1hern1 SOtllh America. it is now 
aIIso .illtivated in E'ist ind SOlthe1n Africa. 
SoulhCast Asia and Australi:i. 

Th s species iswell .Idiptld to iwide rane 
of soil and clilitic conditions. It is easy to 
propagate. coppices Well. and p'odIces abutin-

int leafy hioni ass. All these ad vantaces make 
Gliricidia.w inm ipotential alternative to Leu-

(UC1VIU /C'c') (ahI in miany agiroforestr sys-
temIs. 

[ouLrteeli provena1,1ices olthis Species are 
being tested Iat thle Machakos ficld saltion. 
These were provided by the Oxlord Iorcstr' 
Institute (LIK ). lhcy re'presentli collect ions Ifroll 
extreme ecoloical conditions that miihl he 
pronlising for the dfrier areas of' Fast Africa. 

Seedlings were planted in April I99 inpure 
stallnds to assess thCir suitability for Voodlots. 
MtllSillreilllMeincluldCe heieht, ntLIber andnispinnlleiler of' branches, aind sii1diin ter at 30 

cm iove grould. Leaf-retenlition, flowering 
and podding chaiiracterislics ai'C icolrded, as 
well as susceptibilitv to aphidiattack. All trees 
will be Culhatck at theend ol'l iotwo yerll'SaSsess 
coppicing abihi\,. 

Evaluation of pigeonpea 
genotypes for agroforestry 

Pigeonpea (C' ja11u ca4D/au) is widely grown ill 
semi-arid areas of India, East Af'rica and the 
Ciribbean. This legumrie provides I'armnners with 

A farmer on India's Deccan Plateau harvests pigeonpea branches for fuelwood and livestock fodder. 

M-
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food. I'iel wood. fodder and building Iiaterial. 
Although inrinsically a perennial. it is olten 
gro\1 its adlannual because ol its susceptibility 
Ipests aid diseases. 

A trial was initiated ai the Machakos field 
station in November 1989 to evaliate 10 pi-
geoiipea genotypes for hioiiiass production. 
co pp iciig abilty g rai yields. soil-fertility ifin-
proveient and eflects on adjacent crops. 
Gerniplasn was plovided by the National Dry-
land Farming Research Centre (NDFRC) in 
Katumani. Kenya. and by the Interiiational 
Crops Research Institti. for the Semi-arid 
Tropics (ICRISAT) in Hyderabad. India. 

Two planting arrangements were compared 
with control plots of inaize planted in pure 
stands: i itercropping. with one row of pigeon-
pea followed by two rows of* maize. and strip 
cropping, with four rows of pigeonpea fol-
lowed by ight rows of niai "e. Both agrolore-
stry sstemts had one-third fewer maize plants 
than the plots with maize only. During the first 
year. two crops were produced fron the iaize-
only plots and from the plots under strip crop-
pilg. but only' one crop was produced under 
interCrOppilg due to moisture competition from 
the pigcolpea. Fven so, annual maize yields 
under intercropping with different pigeonpea 
gcnotyvpes raiiged front 56 to 8(4 of the yields 
obtained 1roni niaize-on lv plots. Maize yields 
under strip cropping ranged fron 85 to low"; 
or yields Iroiii niai/e in pure Stands. 

s,,e\pected. there appeared to be a trade-off 
bet\eui mai/e and pigeonpea production. with 
intercropping fIavourable to pigeonipea amid strip 
cropping I'avourable to nllaize. Some of the pi-
geonpea gelnotvpcs that grew faslest were asso-
cialed with the lowest maite yields. 

The enotvpes froni Kenya were among the 
highest viclding pigcoupeas trolier both crop-
ping systeis. Four genotypes appeared pill-
ticularly promising after the first year. but 
definitive recommendations will have to await 
results from a longer period. 

Improved method for studying
tree phenology 
Seasonal patterns of growth and flowering 
'phenology') vary widely aiong di!fferent 
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multipurpose-tree species. These patterns re
spond to environmental conditions and man
agenient practices. To assess a tree's suilability 
for i partlicu Iai site and agrof'orestry tech nol
ogy. it is essential to have inif orilat ion on 
growth patterns and respoinses to Ianallgemlfent. 

Most studies Oil tree responses to seasonal 
changes and management practices are based 
oil general observations of whole trees. In order 
to produce more precise information, ICRAF 
initiated a study inl 1985 to count and measure 
important phenological events on individual 
branches of a few species, selected for their 
widely varying growth and flowering charac
teristics. 

Phenological behaviour was recorded at the 
Machakos field station from August 1985 to 
June 1988 for Faidlherhia albidca, Acacia stul
manii, Girevilh'a ihl)usta, LecIa'na Ic'coce
pha/a (K8), Psidiun guajava and Parkinsonia 
aculeata. Records were kept for three well
spaced trees of each species-these were all 
three \,ears old at the beginning of the experi
meint. The data were subsequently analysed and 
results were published in 1990. 

Eight primary branches were observed on 
each tree. Six times during the first year of the 
experiment. the terminal 10 cii of a di fferent 
branch was removed. The remaining two bran
dies were riot disturbed. Scientists measured 
and recorded the growth of all these main bran
cies. the development ol:ny lateral branching. 
and flowering and fruiting. 

As expected.' the different species varied 
widely in the tining and overall rate of branch 
growth. fIahIlrhiaalhula grew slowly, with 
only two periods of active growth. Parkinsonia 
acul'ataand Pshiun rinaJavahad se. .ral ac
live growth periods. Grevilhea rmhusfa grew 
vigorously over extended periods, but not every 
season. with growth tending to follow heavy
rain. Leao'aena h'twocelhala showed brief. er
ratic periods of rapid growth. unrelated to cli
fiiatic conditions. 

Lateral branching was much greater in Let
(ac'naIh -l'uCephall.,Parkinsonia aculeta aid 
Psidiun glia/ava than inthe other three species. 
An important characteristic of agood hedge
row-intercropping species. clearly exhibited by 
Leucaena h'Uc0 ephatla, is rapid and vigorous 
growth of lateral shoots inl response to cutting. 

1 
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A branch of Psidium quajavi In flowet This trut tree speci s was included in ICRAFs resfeIrch 
pro/ect to develop improved methods or studying tree phenolog} 
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Research on root sym bionts I1ilIt'tllrl/Olil NHJlIIln. 
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in root samples. and identified rllizobial strains 
from samples of root nodules. 

Rhizobial Strains were isolated from 137 
samples of*S'.hxania .. han root nodules. Re-
suits showed that tihis species can be infected 
hy both Rloiubium and lh'ad'rli:lhju,,m bacte-
i. Thiri isolates have been authenticated so 
far as pure Ci ItureS. Their effectiveness in in-
ducinI root nodulation %%illhe tested. as xxell as 
iheir level of' specifi city across i ralge of the 

Se.hunia provenanccs. Inconnection with this 
work. root samples of Se'ba,.i. (;'ooi/!eu and 
Mul'khznih spp. will be analvc I formycorrhi-
/al 	characterization. 

Chemical analysis of 79 soil samples fron 
western Kenva revealed pit levels that ranged 
fron 4.8 to 6.9 and organic carbon ranging
from 0.6 to 3.29' . Both pi and organic carbon 
tended to be higher in tihe topsoil than in the 
subsoil. Tile fairly high pH values indicated that 
problems of aluninium toxicity. widespread
elsewhere in the tropics. may not be important 
ill these soils, 

Multipurpose tree and shrub 

database 

i 1983, ICR.-%F began compiling a global in-

ventory of' Multipurpose trees and shrubs 
(MPTS .This work 1ais resulted in the develop-
mein of'a comlpuleri/,ed database with informna-
lion on a variety of tropical and subtropical 
agrol'orestry species. Potential users include re-
searchers, field staff, universities and organiz-
ations responsible for the implementation of 
agrol'orestry projects. The project has been fin
anced by tihe Ministry of Econonlic Cooper
ation (IlMZ) of thc Federal Republic of' 
Germany through tile German Agency for 
Technical Cooperalion (cCrz).

At tile end of 1990, tile database contained 
2400 descriptions of' 1093 species. About half' 
ol'llis irtformlation x is obtained f'ron question-
naires compleled by researchers and workers in 
tie field who have di'ect experience and access 
to local knovledge on different tree species.
Other informaltion has been gathered from the 
scieiitific literature, 

The niajor Components of tie standardized 
descriptors used in the database are: 
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0 	 Taxononic nomenclature and geographic 
occurrence 

e 	 Biophysical characterization of the site in 
which the species was described, illding 
cliiate and soil 

9 I'henology and morphology 
e Appli,:d reproduction and tree lanipllation 

and management 
e Tree cltlivation problens and other envi

ronmental and tree characteristics 
a Tree products and services. 

'ile database can elnerate different types of' 
print-ouls. These inclde lists of' species binio
mials: species profiles with Summary informa
lion in a structured f'orinal: species sulmIary 
sheets with profile information plus comments 
and links between tree descriptions and the sites 
where they were obtained: species data sheets 
that include the original sources of infornation: 
and reference lists. 

One important use of this database isto help
field workers choose species for agroforestry 
projects and experiments. Selection isbased oil 
computerized matching of' the biophysical re
quirenlents and desired uses of multipurpose 
trees with site chara, eristics and project objec
fives. More than 540 requests for this type of* 
irinforation have already been answered. 

Tile Multipurpose tree and shrub database. 
including diskettes and user's Manual, will be 
released for wider dis;ribution in 1991. It can 
be operated on an IBM XT/AT or compatible 
comlpuLter with a hard disk, diskette drive. 640 
kilobytes of random access memory. and a
 
nmininum of' 10 m,.gabytes of' available disk
 
space.
 

Multipurpose tree and shrub 
seed direc'ory 

One project in 1990 concentrated on compiling 
tile second edition of ICRAF's multipurpose 
tree and shrub seed directory. The directory will 
include about 110 seed suppliers with seed 
reportedly available for nearly 900 species. In 
addition. 28 suppliers will be listed who of'f'er 
microsymbionts, either in pure culture or ill 
ready-to-apply inoculants. The directory will 
also include information on seed storage fa
cilities and seed documentation and delivery 
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procedures, plus species-specific data on num-
her of seeds per kg. germination rates and rec-
omm ended pretreatment methods. The 
directory \villhe published in 1991. 

Multipurpose-tree improvement

in West Africa 


In October 1990, ICRAF. IITA and Oregon 
State University (USA) started a collaborative 
project on improvement of multipurpose trees 
for agroforestry development in the humid low-
lands of West Africa. Work is based at IITA 
hieadquarters in Ibadan. Nigeria, but will also 
include evaluation trials at Onne in southern 
Nigeria, and in Cameroon. The project is sup-
ported by the United States Agency for Inter-
national Development (USAID). 

Work Ifcuses on the evaluation of a broad 
range of indigenousand exoti, tree species with 
a potential role in agroforestry systems. The 
project began with a review of the literature on 
food- and fruit-producing trees of Nigeria. This 
was followed by field visits to collect seed. By 
the end of 1990, seed had been obtained from 
about 40 species for evaluation at various sites. 
This project will place special emphasis on 
indigenous trees with the potential to produce 
fruit. food or fodder and on the adaptation of 
trees and shrubs to the acid soils of the region. 

Workshop on Grevillea robusta 

ICRAF's research programme on multipur-
pose-tree improvement included an interna-
tional workshop, held in August 1990, in 
collaboration with the Australian Centre for 
International Agricultural Research (ACIAR) 
anl CSIRO-Australia. The topic was The Use 

of Grevillearobusia in Agroforestry and Fore
stry Systems'. 

This was the first internalional workshop 
devoted solely to this species. It brought 
together 30 specialists from eight countries to 
report on current progress in research. utiliza
tion and management. The participants dis
cussed Grevilhea rohusta'snatural distribution 
an(d ecology: seed collect ion and storage, vege
tative propagation, nursery practices: growth 
performance and utilization inl different co
logical zones: extension strategies: and the Ie
sign of genetic improvement programmes. 
Working groups on seed management and nurs
cry techniques, silviculture, and genetic im
provement drew up lists of research priorities 
and identified i;sues that would benefit from 
efforts in extension and international collabor
ation. 

ICRAF and CSIRO will publish the work
shop proceedings in 1991. This will he a valu
able companion to the annotated bibliography 
on Grevilh'a rohusta, which was published in 
1989. 

Training and institution building 

Individual training activities in 1990 included 
a field research project conducted by a Kenyan 
postgraduate student as part of a Ph.D. pro
gramme at the University of Edinburgh (UK). 
This work focused on a collection of 74 Seshu

nia.seshan and 7Seshania goetzii provenances 
provided by the bnternational Livestock Centre 
Ior Africa (ILCA)-genetic material that of'fers 
a unique opportunity to cross-breed tree 
provenances from widely diverse areas. In ad
dition. a national scientist from Malawi and an 
M.Sc. student from Moi University (Kenya) 
carried out field work under the project. 
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Field surveys show that most farmers are eager to increase production of fruit crops, such
 
as banana. mango and papaya growing with leucaena and maize on this small plot in Kenya.


Marketing infrastructure and pricing policies are important factors in the development
 
of agroforestry technologies to generate cash incomes.
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to 	 lesiel felcchnolo.ics that are suitabl 1l spe
cil'icauro-ecolouical /OnCs aind to introdoce 
Ihese 0ntIr'lint andilier Idild-Lisc s\sttnis. 
Ilh icvcr. aeroth.Csien 1ndli introduction o'f 
Itortr\ tcchnolmiics will dcpend as ituch oil 
Z c.imc lit polii, as on rcscarch lts. Crtl-
cial areas arc tilCoordinatitm o naton alrm igo-
orcstr S\ stlls and the pro\'ision of adctliiatc 

s1port Ior rcscarch antil developmcnt actiities, 

Strengthening the institutional 
base 

In man\y coutries. there is110 li!on6al illStitu-
im \with a maldte Ikw agro forestr andtlI'cw 

national scientisIs havetpraeiint orecpcrience in 
the inlcrdisciplinary approach required Ior ag-
rlilirc,,trv Se vert'al na Igovern-lcamc hi. nat i 
ents are no%\ testing dilferent iodels lfor 

0r2nli/itl. und nianaging,airglores!ry research. 
10RAF 'Aill focLs oil analsyini. snthesi/ini 
lit sharinIg expeCrience? frm dilfercnt c,,untricS. 

ICRAF isalso li elping to address these pro-
lems throuch iliter- ills! ittit onal Coordination 
.ithhin and across, coLntric,, joining ill the is-, 

pleicn1eat ioii of a...lirolortry iesearch andi pro-
vidini! scientific Support tol aioii institutions. 
In Africa. the AFRIiNA prIogranmlme provides 
the fiani,.ork 'or most of this collahorative 
activ itv. The uoal is,for each pirticilpting 
collllr to dtevcop its ow\\n scientific capacity 
aind research experience. to l'orueits ownl inlter-
ils!iutional itechali sills and linkages. and to 
allocate lIpplOriate lvCl if rtOirccS inorder 
to carry (lilt itsovn agroforestry research and 
dcvelopenlii plogralil nles. 

ICRAF's elfonls to establih a Stron il, liiu-
titnal base Ior airol'oreslry research and devel-
opntt at tile areiaiioial level beginning to 

show results. Scverzl recent dle'veloillellis illus-
trait this: 
I.All coLIntries participating in the AFRENA
 

4
prouiraiiiles have established V' ;ional 
Sicerilie Colinlititcs for aeroforcstry. These 
incicI nlyvalld are illS! rtiiiCltal illCt1zb-
hishi n)g priiti sand slipin.g national agr-
ftrestrv stratelcs. 

2. Agrofkirestry units or departments have been 
estahlished by national governlents ill Ma-
lawi. Gliana. Niger. Seiecal. Tanzania and 

Ghana Expands

Agroforestry Activity
 

ACCRA, GHANA-The Government of 
Ghana's commitment to agroforestry was 
reflected this year in the expansion of the 
institutional framework for increased agro
forestry research, education and extension 
activities. This included: 

9 	 Creation of an Agroforestry Unit in the 
Ministry of Agriculture to implement a 
National Agroforcstry Programme 

* 	 Establishment of a National Agroforestry 
Committee to advise on policy issues and 
to coordinate agroforestry activities of 
both government and non-governmental 
organizations 

e 	 Introduction of undergraduate and post
graduate agroforestry courses at the 
University of Science and Technology 
(UST) in Kumasi 

e 	 Implementation, with ICRAF, of the 
Ghana Agroforestry Systems Research 
and Education Project, aimed at extend
ing agroforestry to small-scale farmers 
and strengthening agroforestry education 
and training. 
...The first Ghana National Agroforestry 

Workshop ...took place in September, with 
more than 60 participants drawn from 
across the country. The workshop provided 
a forum for discussion among policy 
makers, planners, extension staff, re
searchers, educationists and staff of non
governmental organizations. Participants 
reviewed current activities and identified 
future directions and priorities for the coor
dinated implementation of agroforestry 
programmes in Ghana. 

-Aqgrfrestry Today 
October-December 1990 

Rwanda. In Camicrooiin. aigrol'torestry ilas 
beconi acoinpoient i farmihg svstellnsfl'the 

research programle. 

3. Agrolforestry is increasinly included as ai 
conponent of natitmial development plans 
and science and tcchnology policies, for 
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Zimbabwe Takes a Place in 
the Southern Africa AFRENA 

HARARE, ZIMBABWE-Following 
meetings in June this year, Zimbabwe has 
become a fully active participant in the 
Southern Africa programme of the Agro-
forestry Research Networks for Africa 
(AFRENA). Zimbabwe's participation in 
the network will include agroforestry re-
search, training and education activities, 
coordinated through the Southern Africa 
Development Coordination Conference 
(SADCC) and ICRAF. Funding isprovided 
by 	 the Canadian international Develop-
ment Agency (CIDA). 

The Southern Africa AFRENA pro
gramme was initiated in 1986.... Participa-
tion inZimbabwe was confined initially to 
training courses, workshops, and research 
planning and formulation. Following a 
macro D&D exercise in 1987, a team of 
Zimbabwean scientists and ICRAF staff 
joined in 1989 to survey ongoing agrofore-
stry programmes in the country. This sur-
vey led to the design of an agroforestry 
research project for Zimbabwe, plus expan-
sion ofeducation and training activities. 

Direction is provided by the Committee 
for Agroforestry, Soil and Water Conserva-
tion (CASAWAC), under the Zimbabwe 
Science Council, with representation from 
all relevant government departments. Field 
experiments will be established during the 
November/December planting season at 
two sites-the Makoholi Agricultural Re-
search Station and the Domboshawa AG-
RITEX Demonstration Station.... 

CASAWAC is planning anational sem-
inar on agroforestry for March 1991. This 
will provide a forum for reporting on re-
search projects in Zimbabwe, both com-
pleted and in progress, and for clarifying
future research directions and opportunities 
for cooperation. 

-Agrofi'esirv Today
July-September 1990 
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example in Tanzania. Kenya. Zambia. 
Rwanda and Fihiopia. 

4.In 199(0. national scninars for scientists and 
al'ol'orestryIpraclitiolers weIe held in Ma
lawi. Rwanda. Nigcria and Ghana. 

5. AFRENA projects havC fealtured in field days
and national agriculural shows in several 
countries. 

6. ICRAF increasingly receives requests from 
;:v'naI tiwirnmets for assistance in de
veloping agrofOrestiy plans and strategies 
and implementitig agroforestrv research pro
er;allines. For example , in 1990 the Govern
ment of Ethiopia asked ICRA F Ibrassistance 
in developing a national agroforestry re
search strategy. 

Studies on policy

and institutioial issues
 

In 1990. ICRAF formulated a joint research 
proposal with the Initernalional Service for Na
lional Agricultural Research (ISNAR). The oh
jective is to review vaiouis strateCies for 
institutionalizing national agroforestry research 
programnmes including. anlong others. the 
AFR ENA model. 

ICRAF has also developed a collaborative 
research projcct with tile Land Tenure Centre of 
the University of Wisconsin (USA). This pro
ject will undertake three case studies in Eastern 
and Southern Africa focusing ol land and tree 
tenure issues as they relate to agrof'orestr. An
other project currently in progress ftcuses oil 
the use of different extension channels for pro
lmoting agroforestry levelop lnlt. 

Other research topics will he addressed as 
needs and opportunities arise. These may in-
Clude: 
e Effect ofthe availability and price of mineral 

fertilizers and other inputs on tle adoption of 
agroforestry and on its economic and envi
ronmental impact 

e 	 Role of credit in the adoption ofagroforestry 
* 	 Effect of commodity prices on production 

from agroforestry systeis
9 Development of private- or pullic-sector

services to control pests and diseases in ag
roforestry species. 



Agroforestry Research Networks 
for Africa 

Tit? multipurpose tree Maesopsis eminii interplanted with maize at the AFRENA research 
site at Kabanyolo. Uganda 
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the zone. to identily. agroforestrv teclnologies phasis o illcomunication and coordination 
with potential relevance fOr the zone as a whole, among AFR FNA research projects. parlicularly
and to establish research requirements I'or tech- those in the sanii ecological zone. Activities are 
inology doelov ment. Participants are nati onal coordinated at the regional level 11t1h1rough Re
scieillists and g(lvernillenlt ol'icials. along wili gional Steerinig Coniliniltees. 
scienlisis froni ICRAF and olher regional and The three Regional Steering Committees 
internatiomal or ani zalions, eacth nilet twice ill 1990. Ve iiUes were ill Malawi 

The next ste l is a detailed anlysis ol'a single and Tanzania in Sotlhern Arica. in Burunti
land-use s .stemwithin lie larget zone, called a and Ken va iin Eastern aild C tentialAfrica. andi ill
imiicro D&D. This leads to t1e prelilinar de- Niger and Senegal ill the sei-ari lowlands of' 
sigl of' plrmisinig agroforestry lechliologics for \Vest Africa. 
the s'stell an1d to tile identification of research Through these mechanisms. opportuil ties 
irorilies. Ill 199(, .sceitists 'roni ICRAF and f'or collaboration go beyond in format ion sh:r
fron national progranmes conducltd iiicro ing ailioig national programmes. They involve 
D& Ds ill Baneliadeshil. Burkina Faso, ELthiopia. i regional approach to research planning and 
Ghaiia, Kenv;i. Mali. Niger and Seneal. iinplementation. leading to coiipleiienitary ic-

Anollher ohjective of the D&D process is to livities ill differelt cOiltries. avoittini cLIpt ica
id llI' nli Lionw hik national inst luilions will colrib- of f'fort, aid Ihius sayin scarce research 
utle to the impinleentation of agrofl'orestry re- resoUlrces. 
search. rhese ill ilitions plaii collahorative Ill 1990, field experiments were iin progress
experimental work according to the resLilts of' at 18 AFRENA sites ill African countries
the micro D& D. The aim is to refine and Lest Burindi, Cameroon. Keiiya. Malawi. Rwanda. 
techinologies on station and oil Iairil in plrepara- Tanzania, Ugandl an11d Zambhia. In addiion. Cx
lion fl r lheir ecension to tariiielis. perinmeitls were starling cip in Burkina Paso,

The research plan typicalklv consists of'coin- Mali. Niger. Seneoal. Zihbabwe and at i se 
poiieiit experinllltation clesignet to assess the site Thisont in Tailzania. broad inetwork of' 
bhioI gical potential o1' inul lipurpose trees and ci.arefLll) coordinated experimenits ensures that 
sllrLlhs throughl gecneral screeiing. technology- coiiparable data will be cotlecled n agrofore
specific screellig and inanageinel trials. stry components and technologies over a wide 
Based on resLIlts. ecliiio- rgil ofaltitudes, soils and clilalic condilions.these agrolforestry ' 
to,,ics are desigoned and lested. hotli oil statioi Oil-slalioil aiid on-farm experiments have 
anid on farmers" fields. Onice technologies are bleel designed to test a ntiiiber of differenit 
ready'lor wide-scale dlisseiination. tile project agroforestry technologies. In 1990, these ill
will include inonitoring and evaluation of adop- clucted hedgerow intercropping, iiiiproved faI
ion-in collaboration with extension agen- lo.ws. woodlots, lodderlots. trees with fodder 

cies-to provide 'eedback iiito the research grass on orosiol-conlrol structltres. upperstorey 
process. trees oil boundaries, trees in haniia plcts, trees 

All these pilases alake up tle process of' planted ini relay with food crops, living fences. 
agrolorestry technology development. It is a and hedgerow inltercroppiiig with livestock. 
dynaiiiic process that reciires effective interac- Table 7 lists tihe ultipurpose-tree species being
lion amlong biological and social scientists. evaluated in tile conlext of' these technologies.
farllers, extension ists. developienit planeirs General screening trials include a much farger 
and policy' iakers. There is also a strong eii- nunber of species. 
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Cof(fee and banana are major cash crops on the slopes of Mount Kilimanjaro innorthern Tanzania.
 
Both crops thrive under partial shade from pollarded Grevillea robusta trees.
 

41 



I ICRAF Annual Report 1990 L-

Species (Family) 

Acacia auriculiformis 
(Leguminosae)

Alnus acuminata 
(Betulaceae)

Cajanus cajan
(Leguminosae) 

Caliandracalothyrsus
(Leguminosae)

Cassia siamea 
(Leguminosae)

Cassia spectabilis 
(Leguminosae)

Casuarina cunninghamiana
(Casuarinaceae)

Casuarina equisetiolia 
(Casuarinaceae)

Cedrela odorata 
(Meliaceae)

Cedrela serrata 
(Meliaceae)

Cordiaabyssinica
(Boraginaceae)

Crotalariaanagyroides 
(Leguminosae)

Desmodium discolor 
(Leguminosae)

Desmodium distortum 
(Leguminosae)

Erythrina caffra 
(Leguminosae)

Faidherbia albida 
(Leguminosae)

Flemingia congesta 
(Leguminosae)

Gliricidia sepium 
(Leguminosae)

Grevillea robusta 
(Proteaceae) 

Jacaranda mimosifolia 
(Bignoniaceae)

Leucaena diversifolia 
(Leguminosae)

Leucaena leucocephala
(Leguminosae) 

Maesopsis eminii 
(Rhamnaceae)

Markhamia lutea 
(Bignoniaceae)

Melia azedarach 
(Meliaceae)

Paraserianthes falcataria 
(Leguminosae)

Psidium guajava 
(Myrtaceae)

Sesbania sesban 
(Leguminosae) 

Sesbania macrantha 
(Leguminosae) 

Southern 
Africa 

Hedgerow intercropping 

Hedgerow intercropping 

Wood/fodder lots 

Hedgerow intercroppig 

Hedgerow intercroppi ' 

Hedgerow intercropping 

Mixed intercropping 

Hedgerow intercropping 

Hedgerow intercropping 

Eastern and 
Central Africa 

Trees inupperstorey 

Hedgerow intercropping
Erosion-control structures 

Trees inupperstorey
Hedgerow intercropping 

Trees inupperstorey 

Trees inupperstorey 

Banana plots 

Banana plots 

Trees inupperstorey 

Hedgerow Intercropping 

Hedgerow intercropping 

Trees inupperstorey
Banana plots
Trees inupperstorey 

Hedgerow intercropping 

Hedgerow intercropping
Erosion-control structures 
Banana plots
Trees inupperstorey 

Trees inupperstorey 

Trees inupperstorey 

Hedgerow Intercropping
Mixed intercropping
Improved fallow 
Erosion-control structures 
Wood/fodder lots 

Humid Lowlands
 
of West Africa
 

Hedgerow intercropping 

Hedgerow intercropping
Improved fallow 

Improved fallow 

Improved fallow 

Improved fallow 

Hedgelow intercropping 

Hedgerow Intercropping
Wood/fodder lots 

Hedgerow Intercropping 

Table 7. Multipurpose-tree species in agroforestry technology trials at 18 AFRENA sites in 1990. 
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Unimodal Upland P!ateau of Southern 
Africa 
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Minimum/ Average
Pesearch Associated National Maximum Annual 
Site Research Institute Altitude Temperatures Rainfall Soils 

Zomba, Malawi Makoka Agricultural 1000 m 15.00/26.0°C 850 mm luvisols 
Research Station 

Lilongwe, Malawi Chitedze Research 1180 m 13.00/27.20C 890 mm luvisols 
Station 

Tabora, Tanzania Tumbi Research 1200 m 16.30/28.00C 880 mm ferric 
Institute acrisols 

Chalimbana, Zambia Mount Makulu 1143 m 14.00/28.0°C 800 mm luvisols 
Research Station 

Chipata, Zambia Msekera Regional 1020 m 13.80/32.50C 1000 mm ferric 
Research Station luvisols 

The Southern Africa AFRENA programme was The main land-use system in this region is 
launched in 1986 with funding provided by small-scale farming. Crop production relies on 
IDRC and the Canadian International Develop- one growing season, from December to April,
nient Agency (CIDA). The programme focuses with along dry season tle rest of the year. D&D 
on the upland plateau ecological zone of south- studies in the four countries revealed two major 
ern Africa, a region that covers approximately land-use problems that affect farmers across the 
I million sq kin at an altitude of 900 to 1500 mn. region--declining soil fertility and dry-season
In 1990, agroforestry research was in progress shortages of livestock fodder. Research was de
in Malawi. Tanzania and Zambia. and a pro- signed to develop agroforestry interventions 
gramme was at the planning stage in Zimbabwe. that address these problems in the zone as a 
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Malawi: Makoka and Lilongwe 

"MPT screening: 37 species

"MPT screening: 4 species 

"Sesbania cutting techniques

* Sesbania relay planting

"Indigenous fruit-tree seed germination

* Effects of Gmelina arborea on crop seed 

germination 

'On-farm trials (Lilongwe) 


Zambia: Chalimbana 

"MPT screening: 16 species 

"MPT screening: 25 species

* Hedgerow intercropping
"Hedgerow intercropping with livestock 
" Hedgerow intercropping: pruning application
"Improved f3llow 
"Intercropping with guava 

I ICRAF Annual Report 1990 LIII 

Tanzania: Tumbi 

e MPT screening: 11 species
 
e .eucaena management
 
9Pigeonpea management

9Sesbania management
 
oSusceptibility to nematodes 
oRotational hedgerow intercropping 
9Hedgerow intercropping with livestock 
aAnimal feeding: forage selection 
*Animal feeding: supplementation 

Zambia: Chipata 

oMPT screening: 16 G/iricidia sepium 
provenances 

* Improved fallow with Sesbania sesban 
e Hedgerow intercropping: role of mulch 
oWood- and fodderlots 
oOn-farm trials 

Table 8. Experiments in progress in Southern Africa during 1990. 

whole. This work isnow inprogress at Makoka 
inMaiawi. at Tumbi in Tanzania. and at Cha-
limblana inZamlbia. 

In addition, participating Countries have de
v'eloped nitional agrotorestry research projects 
with relevance for the entire zone but designed

specifically to address the problenis ofa particu-
lar land-use system. ICRAF isparticipating in a 
national' project initiated in 1987 at Chipata in 
Zaibia. Funding isprovided by the Swedish 
Agency for Research Cooperation with Develo-
ping Countries (SAREC). 

A second national project was initiated in 
Malawi in1990.emplhasizing on-lairm research,
with fdnding provided by IDRC and the Kock-
efcller Foundation. A national project isalso 
starting inTanzania, based at Shinyanga, with 
support from the Norwegian Agency for Inter-
national Development (NORAD). 

ICRAF help, coordinate all these activities 
together with the Southern Africa Centre for 
Cooperation in Agricultural Research (SAC-
CAR). which acts on behalf of the Southern 
Africa Development Coordination Conference 
(SADCC). Complenientaritv of research efforts 
is ensured primarily through regular zonal 
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workshops and meetings of National Agrolbre
stry Steering Committees. 

Malawi 

Collaborative research in Malawi began at the 
Makoka Agricultural Research Station near 
Zomba. Within the zonal programme. Makoka 
has the major responsibility for identifying, ac
quiring and evaluating multipurpose-tree germ
plasm. The objective is to select promising
multipurpose trees for testing in relation to spe
cific agroforestry technologies. 

In addition, an on-farm research project was 
launched in 1990 in collaboration with the Min
istry of Agriculture's Agroforestry Commodity 
Team, based at the Cnitedze Research Station 
near Lilongwe. 

Multipurpose-tree screening trials 
The largest multipurpose-tree screening trial at 
Makoka covers 49 accessions of 37 species
(Table 9). Since planting in December 1988. 
field staff have collected infornation every four 
months on survival, height. root-collar 
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Good Performance 

Acrocarpus fraxinifolius (2) 

Calliandracalothyrsus (2) 

Cassia siamea (3) 

Cassia spectabilis (2) 

F!emingiacongesta (1) 

Gliricidiasepium (6) 

Gmelina arborea (1) 


Moderate Performance 

Acacia aulacocarpa (1) 
Acacia auriculiformis (1) 
Acacia cyanophylla (1) 
Acacia julifera (1) 
Acaci3 meianoxylon (1)
Albizia falcataria (1) 
Albizia schimperiana (1) 
Faidherbia albida (3) 
Maesopsis eminii (1) 
Schizolobium excelsum (1)
Vangueria, infausta (1) 

Poor Performance 

Acacia ampliceps (1) 
Acacia burrowii (1) 
Acacia eripoda (1) 
Acacia difficilis (1) 
Acacia murrayana (1) 
Acacia pachycarpa (1) 
Acacia salicina (1) 
Acacia shirleyi (1) 
Acacia stenophyla (1) 
Acacia trachycarpa (1) 
Acacia tumida (1) 
Acacia victoriae (1) 
Cassia brewsteri (1) 
Prosopis chilensis (1) 
Prosopis cineraria (1) 
Prosopis juliflora (1)
Prosopis pallida (1) 
Prosopis tamarugo (1) 
Robinia pseudoacacia (1) 

Table 9. Performance of 37 multipurpose-tree species 15 months after establishment at Makoka,
 
Malawi. Assessment was based on survival, growth, biomass production and coppicing ability.
 

Number of accessions in brackets.
 

di-lnleer. hrnching pattern and crown sprea(. 
In Fcbruar\ 1990--15 monthds after estah-
linment--hall ftile ss harvested fromtrees crc 
each accesion. larvested material was as-
se"st'd for biomKss (dry %k,)and nutrient content. 
and coppicing characteristics were evaluated 
trll the siLtlumpIs left after cutting. 

Table 10. Average heights (m)and root-collar 
diameters (cm) of the best accessions of 7 
multipurpose-tree species 15 months after 

establishment at Makoka, Malawi. 

Height Root-collar 
(m) Diameter 

Species (cm) 

Calliandra calothyrsus 4.2 6.4 

Acrocapus fraxinifolius 4.1 7.5 

Gtielinaarborea 3.3 9.6 

Gliricidiasepium 3.1 5.7
 
Cassia spectabilis 3.1 4.8 

Casssia siamea 2.5 5.6 

Flemingia congesta 2.3 2.8 


Seven species showed the best overall per
formance based on growth. hioniass production 
and coppicing ability. These were Callianch'a 

ulo.V'. ,(ielillvi ' Ca.s.si( 'abara, Si(IIIvII, 
(;liricidia sepia:,,. Aroc'ar'plu.S /r'axini/uliux,. 
('a .siaspecahili.ind I'h'min,'iacoest,1a. h'le 
ta.stsl! growing was Calliandra alohivr.il (ex 
(Inte ala) (Table 1(). Above-grotnd hioniass 
from these species ranged from 3.5 to 12.1 t/ha 
Wlrv Wt). with estimatcd mean annual incre
tents rancing from 2.0 to 8.0 l/ha. (hm'lina 
arbhn(ea and ('Cal//ialdra 'ah.b ssshowed the 
highest bioimass production. exceedinc 10 t/ha. 

The Australian acacias generally grew 
slowly and coppiced [oorly after cutting. The 
Prom pi.N species also perl'ormcd poorly. while 
most of the other species tested showed slow to 

intermediate growth. The frui tree onlnga1ria 
iltfihIa, flowered and produced fruits only I 
tfloithsalter planting. 

illFour multipurpose-trec species were testel a 
secparatc trial f'cU,,in onl growth, coppicing 
ability, andi quantliyt' quality bioniassand of11 
production, l-tabIIliCd ill Jlllla'v 19 9. this 
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Species and Provenance 

S. sesban (ex Magoye, Zambia)
S. macrantha (ex Kasama, Zambia)
S. sesban (ex Kakamega, Kenya)
S. sesban (ex Jamhui, Kenya)
S. bispinosa (ex Machakos, Kenya) 

Survival 
(%) 

88 
59 
56 
49 
in 
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Mean Height 
(m) 


3.96 
4.57 
4.54 
4.19 
4.43 

Total Blomass 
(t /ha dry wt) 

Mean % 
Foliage 

13.7 14 
14.6 11 
20.4 15 
29.4 17 
17.7 12 

Table 11. Survival and growth of 5 sesbania provenances 1year after cutting at Makoka, Malawi. 

trial included 17 seed sources ot Leuc ,na let,-
cocphln/. 4 provenances of .'S('.\h(r .u ,11. 

and I provenance each ol','.eshaiamtntcral[tha,
.Sesh iaino~aand ,Sesmafi/ lnOs. Sutr-
vival at three nioliths after planting was better 
than 90(), for all accessions except ,S'e'sbiia 
/ai',m
anlad onue sottrce of L'el au'na lu'oce-

phala (ex Machakos. Kenya).


The Ither sesbhanias grew extremely w\ell 

during the first three months after estab-

lishnlent. At this point. they were cut at 30 cm 

above ground. They produced high biomass 

'ielus. but only one accession coppiced well 
alfter
cutling---.S/hrnia . .han (ex Magoye. 

Zanbia). Another provenance-ex Phalonibe. 

Malawi-niatured and died after five months,


In April 1990-115 months 
 after estab-
lishnient and 12 niontlhs alter [ie first cutting-

the remaining trees were assessed for height,

root-collar diaiieter and crown 
characteristics 

and were then cut again arid hiomass partitioned

and measured. The sesbanias that survived the 

first culting produced mulliple stems and heavy

branching. This resulted in high above-ground 

hioniass lproduction from the second CUting

(Table I I).with foliage constituting I I to 17% 

of"tle total. 


The leaves contained 3.Ito 3.6(/, nitrogen.
Results indicated that one hrectare of sesbanias 
could produce green ianure containing at least 
7t) kg of nitrogen. However. this green nianure 
would not supply enough phosphorus for maize 
pridtuctiti. ttggesling that farmers would have
to supplement green manure from sesbanias 
with phosphorus fertilizer. 

'[he leucaenas generally grew veil. although 
less quickly than the seshanias. and production
characteristics tended to be rather uniform. All 
grew back well after the firstcutting. At the tinie 

ol'the second cutting, the best provenances were 
niore than 3 in tall and had produced more than 
5 I/ha (dry wt) of above-ground biomass, with 
proportions of foliage ranging from 14 to 26 /.
Selection of specific accessions will have to 
await Inassessment of growth and coppicing 
ability over the next two years. 

Management of sesbanias 
Due to their rapid growth and spreading crowns. 
[ie sesbanias may not be suitable for intercrop
ping unless they can be cut on a regular basis. 
Problems of crowding and competition could be 
particularly serious in the Shire highlands of 
Malawi where most landholdings are only 0.2 
to 0.5 ha. 

At the same time, the capacity to regrow after 
cutting appears to vary widely anong different 
sesbania species and provenances. Thus, al ex
periment was conducted to a:,sess the response
of three sesbania species to different cutting
techniques plus the effects of sesbania mulch on 
interplanted maize. ,Se.hwnia seshan,Sesbania 
hispinosa and 'Seshinamacrandiha seedlings 
were planted in February 1999. and cutting
began inJanuary 1990. The three cutting tech
niques tested were: 
* 	 Coppicing: cutting all stems at 30 cm 
* 	 Hedge formation: cuning all branches at I m 
e 	 Pruning: removing branches to leave only

25(/ of the crown. 
Coppicing generally produced the most bio

mass and pruning the least. However, none of'the species grew back well after coppicing.
Pruning turned out to be difficult because many
of the one-year-old trees wvere already more than 
4 ii :all. When cut at I m. Seshania se.,h,
formed good hedges, which were harvested 
three times during the 1990 growing season. 
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The other species did not form hedges well 
because they did not produce branches below a 
stern height of 2 m. 

Interplanted maize grew well with sesbania 
mulch on plots where the sesbanias were cop-
piced or cut to form hedges, but not on plots 
where the trees were only pruned. All the ses-
banias produced a good supply of fuelwood, 
small pol' s and stakes, particularly Seshainia 
.. Shaln. 

A second experiment began in December 1989 
to test a relay-planting arrangement designed to 
maintain the recommended population of maize 
plants on cropland while utilizing the soil-in-
proving capability of the sesbanias. Maize was 
planted at the standard spacing 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. 
Three levels of fertilization were also incorpor-
ated in the trial: the full recommended amount 
for Malawi (1 kg N/ha and 20 kg P/ha plus 42 
kg N/ha applied as top dressing), 50)1 of this 
amount, and none. 

After harvesting the maize, the sesbanias 
were allowed to grow until the end of the dry 

Farmers in Malawi have to travel , 
long distances to find fuelwood. -

The malformed tree in the back
-round shows the results of \ 

indiscriminate cutting, which , 
could be alleviated by the.--,. 
expansion of agroforestry. 401? 

season. Then they 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 an(d crop yield were poor 
due to below-average rainfall in early 1990. 
Maize yields were only slightly reduced on plots 
where maize and sesbania were planted at th2 
same time, hut sesbania growth was poor on 
plots where the trees were planted late in the 
;;owing season. It is too early to (raw conclu
sions, but it may be possible, at a minimum, to 
produce fuelwood and green manure from ses
banias under this arrangement withOtL redlcirg 
maize yields. 

Germination of indigenous fruit trees 
A multipurpose-tree survey Codlucted in 1989 
indicated thlnr farmers in Malawi's upland pla
teau region value several indigenous fruit trees 
as a family food supplement and. in some cases. 
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. 

Farmers expressed an interest in planting 
indigenous fruit trees on boundaries or around 

0 
Z 
a. 

.
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their lionies. but they lacked information on On-farm research

how to propagate then. Thus, project staff con-
 A national on-farm research project began in theducled studies o idlentify simlple and effective Lilongwe area in 1990. with collaboration fromgermination techniques for 18 species. The sire- ICRAF. Based at tle Chitedze Research Staplest methods were removal or tileof fruit pulp tion. project builds on the research prosoaking in cold water f'or 24 hours or both. gramme of tile Ministry of Agriculture's

Using these methods, the following species Agroforwstry Commodity Team.showed 8(1 or higher germinalion rates: BIrid,- Maize an(l other agricultural crops predomilia cuiIharica. Bidiclia mi 'rtiha. Diospvros nate onl tileplains around Lilongwe and liveUtU)haidicisis, Peiiafilicihea, Piliostiqni stock play an important, but secondary, role.thnnmngii,Strvcln .V/ins), .SYv-rgiuni c'ra- The average farm size is only 2 ha and cultiva//III/. Tinurilus ildiica. Termilia c1aa/)pau, lion is intensive. Major problens are decliningUalwtca kirh ,iana.Ziipilu. albssinicaand Zi:i- soil fertility, lack of fodder and fuelwood, and/IVINMulfa'ilialah. poor control of livestock inareas of' pernanent
For good gernination. AIzrnz t,,ckcana re- cultivation.

quired more complicated techniques. such as Earlier research indicated that hedgerow inscarification by nicking or complete removal of tercropping with Let'ucaena 1ctocephala couldthe seed-coat. whereas l"hacourtia itaic]a and increase maize yields, particularly when coin-Paiinaicuruatll'/itia germinated poorly re- pleniented by the application of inorganic fergardless ofl te Ireatment. tilizer at half tile recommended rate. It is 
possible to establish hedgerows by direct seed-Effects of Gmelina arborea leachates ing. with minimun tabour requirements andon crop-seed germination establishment rates as high as 75%/ on level(hemia ai o'a was identified as a potentially ground with good soils. On-larm studies haveuselful multipurpose tree in early screening also shown that tiletraditional system of mixedtrials. This species is widely grown in Malawi intercropping with Failerhia alhila can resultto produce ftuclWood for d(onestic use and for in substantial increases in crop yields.curing tobacco. Ten farmers have been selected within theHowever, a number of farmers interviewed Lilongwe West Rural Development Programmein the 1989 ,mltipurpose-tree survey observed to participate in hedgerow-intercropping trials.that gmelina may have an inhibiting effect on Five are also testing living fences for livestockthe gernination of food crops. Thus, laboratory control. In the Lilongwe East Rural Developand nursery trials were conducted in 1990 to test ment Programme, six farmers are participatingthe effccts of'gielina leachates on tilegernina- in a hedgerow-intercropping trial and five aretion of niaize. rice. sorghum. finger millet and testing lodder banks. Some fodder banks arepearl millet. composed of' Leucaena leacoephal in pureRool and litter leachates tended to slow down stands and some are leucaena mixed with napiergeriination. while leachates from bark. green grass (Pennisetm,purltUretun) in a hedgerow

leaves and green fruit had some inhibiting el- inteicropping arrangement.fect. Leachates from ripe fruit depressed seed A total of' 13 farmers from the two areas aregerIiination dramatically. participating ina mixed-intercropping trial withIn Malawi, the gmelina fruits ripen and fa1l fruit trees and II are testing an improved systemin large numbers in November and December. for mixed intercropping with Failherhia albi
.just when farmers are sowing maize and other da. Inaddition, field surveys have been initiatedcereal crops. Raking away tilefruit or pruning to evaluate traditional agroforestry systems.
tile
trees to liniit flowering could improve con
ditions for crop production. However. gnielina Training and institutionbuildingroots and litter also tend to slow down seed Three B.Sc. students conducted agroforestrygeriiination lorcereal crops arid this could have studies within the Malawi AFRENA proa serious iipact inareas with a short growing gramme in 1990 as part of their final-year deseason. gree requirements from the the University of' 
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Mialawi's Chancellor College. liaddition. 15 
students fron Mulunguzi Secondary School at 
Zoniba completed agroforestry research pro-
jects with assistance fron ICRAF staff. One 
Malawian member of a national working group 
on indigenous fruit trees has received a one-year 
ICRAF Visiting Fellowship to work under the 
project inl199 1.with funding provided by GTZ. 

ICRAF helped organize the first Malawi Na
tional Agroforestry Symposiui. which took 
place inlNovember 1990. Project staff partici-
pated ina seminar to discuss the introduction of 
acroforeslry into tile curricula of southern Afri-
call forestrv colleges, took part ill a national 
working group on ildigenous fruit trees, and 
cave advice on the design of agroforestry dei-
ollstratlions to the Agricultural l)evelopment Di-
vision and tileForestry Research Institute. The 
project also provided miultipurpose-tree seed-
lings to farmers and research and development 
inst iltitiors in Malawi. 

The on-farm research programme based at 
Lilongwe coilduicted a training course for colla-
borating extension staff. About 30 extensionists 
parlicipaled. 

Tanzania 

Collaborative research in Tanzania is based in 
I'abora iil tle western part ol the couietry at the 
Ministry of Agriculture and Livestock Develop-
ilent's Turibi Research Institute. Maize ailnd 
tobacco are the main crops in the area and 

livestock productioll is also imllorlint. Major 
problems include low soil fertility. shortages of 
fuelwood for tobacco curing and household use. 
and inadequate grazing during the long dry sea
son. The zonal nandale for agroforestry re
search at 'tluirhi focuses primarily o 
fIast-growing multipurpose trees for fodder pro
duction. 

Multipurpose-tree screening trials 
A screening trial was established at Tabora in
 
tile 1987/88 cropping season to investigate the
 
growth, coppicing ability, biomass productiol
 
and palatability of'seven ALstraliian acacias 11us
 
Fl"idlierbia alhi/a. Lecaena h'0Cl)hvrla/ aid 
Ses/bia .wsha. "wo ofthe Australliail species. 

A a'ia hIrim'i(lta alld ,111ArCid .t'pal, 
failed to establish and were eliminatlede frotll tile 
trial. 

Height, root-collar diameter and bioiass 
yields were recorded in 1990. two years after 
establ ishnlent (Table 12). The S.eh'aiiasehba 
had died by this tile, while the Faidl'rbia 
alhida was tIle least productive of the reillaiiliilg 
species. Amoing the Australian acacias. Acacia 
.i/era, Acacia 'ichi/ifin'mis. Acacia h'plo
rarPa !lLd ACaCia torto.sa perforn1ld well. 

Trees randomly selected front each species 
were then cut back. either at 50 cm or at grouild 
level. Acaciajt/il''ra died after cutting at either 
height. Acacia /cm (arpaand A acia tor'.osa 
survived aflter culing at 50 cm. but not after 
Ctltilg at ground level. Acaria auric/d'fi'mis, 
Itidherhii//
a a/bkda and LeIC I;ta' /'ucocepha/a 

Table 12. Average height and biomass production of 8 multipurpose-tree species at first coppicing, 
24 months after establishment at Tabora, Tanzania. 

Dry Matter Yield (t /he)
Species Height (m) Wood Leaves and Twigs 

Acaciajulifera 
Acacia auriculiformis 
Acacia leptocarpa 
Leucaena leucocephala 
Acacia platycarpa 
Acacia tortuosa 
Sesbania sesban 
Faidherbia a/bida 

5.9 44.5 13.5 
5.9 39.0 4.3 
5.7 49.3 20.0 
5.5 49.3 7.3 
4.9 20.8 * 
4.6 27.8 17.3 
3.7 14.3 * 

0.6 8.3 0.8 

*Trees had died and shed leaves at time of coppicing. 
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surv'ived .iid arhdck aller cultill at ciilier 
he it!lt. Iaeriall I'I'or) all ile Spcites-'eld was 
palaIitable Io .'ials. 

Management trials 
NJ a aleIi'e llials il pro2ress ill 1990 t cLised
plri ilariIle (I l.IIa. Nesha li aand pieiollpea.aei 
()ne e'.perl-iiell ,. s initialed inlhe Ie988/8) 

lOpping scasll to assess oplli il Ctittillt, 
liCkg l, lii'or c i,2,] l L av l/ 'itl'tw '7ephi l 
plOV'enlatries pills oillC porl eiaice eac Ii'hl ' -C(ICII '.l uh'///d aid L/.I'ut0ndu ii-t'Aifili,. 
Trees %%erecl.ill 25. 5(1)or l()O(ciimaho,, dro
ek er three m1onlhs dlirilwi the %im I,rowili- season, 
aind C'c,\ si\Ilioilis tll'li th ih. s .asoll. 


'Yields l1iml the Lelc,'n i/I/t.ntpIalt
prollCnalices \\ere c.lieralll hipeler Ilali Ironil 
thle other t,,o speciCs. l)itterellt prosChnlces 
yiel ded hest kkihel col at dil'erelit hleights. 
General recomtilnidatiolns oh optlillitlillcultnid 

C ii\\1ll 
lta o er h1Cil "erperiod. 

onihliults V.ill it ICkt ile accumulatio( 

PiiColipea 'inal( tilt -]an is a1 list-.lIoviril 
h'tliliic lial cI llrtSide '.iriliers \s ith Ii'Ood 
Oralil. Ils\,,((1 arid i\,eslock lodder. An ex-
perilicill ill I99( assessed hioln ss plrluction 

and I iiana11CliiCiI stle, ."222 e
iro\vlo lpim

ofP igc, illpea. inchding I I hi.CliniI I'odder 

t\pes. :1111 II perennial tree t i.es. la l'the plants 

sere Cit i No\,iliher 9989- at 6(0 cI aove 


0llid l'Or the lodder tx les ainl 75 cli forl the
 
tre IClies alUld tall 55Cc allowed to grow ill-

disturhCd. Be6innfin inllMarch 1990. all wre 

,n11111pheda 11t(thf!l\ hli, io lits llliah+tCfodder
o 

and V\.oo1d 5 ields. 


For atl Ip\ ,li. ices. as CSliectel. the propor-

itll of, \f,'iod inCleasCed ill 1odder as
rClation t( l 
tile
plalts lilailured. The Ire types were gencr-
all\ 101. iT d .,tiC, lhii tlie I'OiddCr tVpIVs. 
Platnt, that had heen cut thle presioLIs \'Cair 
. iled a i igher lltoportitiii 0 I"f iLdler. w.hileg 
liotse thiat haid noll . CL1tel\ ieltd ire w'ol. 

l)elaileCd rectoiell ntl(lil s olt i i\.elllllccs and 
cUlttilit, regiiles luIst a ait aiiiassess ilill o1 
2'ililt lt Li'tilillathtie Clilt t leastIM o cl7ros\-

-1112silis,,. 

A otlither C\ lCriiliClit ill I99 atssessed tlie effe.ts 
ti"ditlerentit cUllitil rC61iles til survival ail 

1lil i ipr duItio
ICillitI f inle ipioveli lice s o".S'.s-

= 501 

I ICRAF Annual Report 1990 = 

huia ,w'.%ball and six lvenan.ces o1" .S'./icii 
11m./wrniliu. Seedliings were plariiled il March 
and sample I o _(ii.'lacl provenance were cut in 
ine atai ii-hIt of 75 cm aho\,' groLund. Addi

tioral sa l les wyere cu lat it saieleheiglt each 
lhitoi tihereakIt er. 

The .S''.Nhaliii .m',/1111n proivenancs showed 
hiiuler ralios ol Fodder to wood Ihan tihe 'e h-
Mi/ia fia1i di pr'iv+N01,1 CCS. hil. ill ahsolLIIC 
IChll,1S. tlhI /,(CTSt',b.s ll t/i p'rodLcCd hoth 
more wooid ain(I mlCo Iodder. Fodder aild wo(.
productiol VNre 1e2eCirallv higher for 'trees CLI 
inlldJlllie 1han11for those CLI! ill All.Us. probill)
dle to le lCshed at in ali ritv and dallae fronl 
ilnsect pests. 

Fitll\. I lilLlserv StLldV COMlILicted during the 
I989/91rO(rwinl SCS011OlIssessed tile SLIsCepti
hilitv of','v'.bSniu A Sexshalij' , . 'Ia nr'anthI 

,d t.'ia u/i/dinis to root danole fvioniAci, 

lh ematoidCs lt lidet'.Vlliftluli a.and Mel
aidugy/e' ilctog'nita. Scshania and tobacco are 
both susceptihl to root dam a.e hy nemi atodes.
and ifl'eslatiol canl hecollie a serious proh leri if 
sesllias are Plil led ohi land where tohaccLo has 
Orow\n. 

In this experiment. hoth seshaliia species 
slt)svtl root dlliae, aI-l0Lu.OLLI tlie SC'.Sbuiu 
.n'runthu showed more resistance than tile 
.cs'u.iu i .shunmi. The itc ia auu'/i.icw niN. 
was not affected. 

Hedgerow-intercropping trials 
An experiment was estahlished during the 
1987/88rl)lL! scrostpinot CV hlle a rotationt 
I'lsyderow-ilercrtlin svstem with Let'uenu 
/ut .'W/ehlu. LetLicellia seedlings were planted 
ili(ohle hedgerows 75 ciii apart 'ith 4-ni 
alleys. 

The following year. tlie hedgerows were CuL 
at 5(0 cm itove grotrnd and the cuttings were 
choliped itd incorporated into [lie alle ,s tt rates 
tit (o. 50 and 10() of total hionass iarvested 
from eacl plot. Maize was thlen planted il lile 
alleys w.'itltilt Iertilizer. 

B3ioiiass vields froii tihe hedgerows varied 
widely dLiriig tihle 1989/91 crtopping seasoln. 
Botlh ilaize sliver wei hts a.ind rall yields were 
higliest whel all the ii ilchl \%-as iicorporated inl 
the .ll',. but W1v ,iel(dwere still beiow normal 
lijCLIres Witi staildard Iert ilizer applicatill. 
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At 18 months of age. Acrocarpus fraxinitolius trees at the Makoka Agricultural Research Station
 
In Malawi tower over ICRAFs research associate.
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141/i/i MIid 1 0)i'\111iii OII\/Ii \f ce(i iitke MI(Il crIM1 aIMC01 kid', supj

lA~bltI ii IlIIA IN ) LI,'Si)tIl i2111L '.10 . jI iit d i tL~ch.\~)~Ii I i~olc 

*All 'lilti1." i\, Training and institution building 
llll IM-d i IC( !() DIM',ail* \11 I cihi ldt i I t)9fM. one. IarwarIiianl .\.SC. '11 lCrIE tCaicdiL 

\,~uNiclll c CiuL t CllitceN \ clc (ICcl e(lc'iill lioill NtCIllli"l iruu1n1 killur i';ia t(hulipfliccd a 
ltIIHl ll ii1l,1u/C MF dIlu ILt'Id. llc- ICHIMuuVh 1illa I(RAt. ilClltijililllcrliMI\ cur \ This Illla\ ck 
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Zambia: Chalimbana
Feeding trials 

I ""MIuIuIaI IT(thIII2 lr N hLI II~uill 111C(11 di At,/uullail uutr.NI I.Nt.;lVh I)runtCC1 C"ialh
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perinients in progress include multipurpose-tree 
screening trials and agiolorestry technology 
trials focusing on ledgerow intercropping and 
improved fli!ows. All resuts for the 1989/90
growing season were allected by low and erratic 
rainfall 

Multipurpose-tree screening trials 
The first screening trial at Chali mbana. estab-
lished in )ecember 1987, included 6 exotic and 
10 local species. All were successfully estab
lished except S'eshnii ,,rald/hfl'aand .S'esha-
nhi lmcrcnth.. In April 1990-28 months after 
planting-Iaverage heights for the other 14 
species ranged front more than 6 il forSesbnia 
.c'shWn anld EUCIc.fts c'aiachilensis to less 
than I.0 ill for Al-'lia qua-ensis and V'enilago 
viiinali.is (able 13). 

There was also wide variation in bionmss 
yields, with .Seshcnita.cs.hean giving the highest 
wood yields ald JIccl\ps calhdulnsis 
yielding the largest amount of leafy bioniass. 
Total lealy bionass was higher than indicated 
for all species because the amloulnts measured 
did 11o include litterfaIll during the growing 
period, 

A second screening trial began in January 1989 
with 25 species, including several Australian 

acacias. Five species did not establish success-
fully-Acaci .tenaph *vlla, Acacia amp/licep.s,
Acacia mirra.vana, Acacia c'anaphvlla, Rdbi
niapsc o'lacc i and .S'eshcnia.fri,,sa. 

Among the others, height and root-collar 
diameter 16 nlonths atller establislment were 
greatest for Seshania seshan and Sexhania mc
craitha. ForAcacidsrcnopvll. Calliti'c ca-
Iohvrs s and c a inumarravia.' heights varied 
inong individual trees by as much as 501(). 

Hedgerow intercropping 
A trial was established in December 1987 to 
assess the effects on naize of hedgerow inter
cropping with Le'ucaena leIc'cep'lala,Flh'm
ing' chi el4sti and Seshalia .v'shan with and 
without inorganic fertilizer. The hedgerows 
were pruned twice during the 1989/90 growing 
season at heights of 50 or 100 cm and prunings 
were applied to tile iaize rows. 

In the first year of the trial. tile sesbania 
showed the best height growth, bionlass produc
tion and wood yield. However. this species suf
fered from termite attack in tile second year and 
as a result total biomnass production in 1990 was 
higher for leucaena and flemingia. Leucaena 
also provided the best ground cover, which re
suited in better suppression of weed growth. 
Maize yields were low fur all treatments due to 

Table 13. Average height and biomass production of 14 multipurpose-tree species 28 months after 
establishment at Chalimbana, Zambia. 

Species 

Sesbania sesban 
Eucalyptus camaldulensis 
Eucalyptus grandis 
Cassia siamea 
Leucaena leucocephala 
Acacia polyacantha 
Flemingia congesta 
Albizia adianthiflora 
Casuarina cunninghamiana
Faidherbia albida 
Acacia ataxacantha 
Sterculia africanum 
Afzelia quanzensis 
Ventilago viminalis 
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Dry Matter Yield (t/ha dry wt)
Height (m) Wood 

6.3 55.5 
6.3 45.9 
5.6 16.0 
4.5 32.9 
3.9 23.1 
3.8 24.0 
3.6 21.5 
3.0 4.5 
2.5 1.7 
1.6 1.2 
1.5 4.7 
1.0 0.8 
0.6 0.1 
0.4 0.0 

Leaves and Twigs 

2.2 
11.3 

3.0 
5.9 
3.7 
1.8 
1.3 
0.8 
0.5 
0.1 
0.2 
0.5 
0.1 
0.1 
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Fertilizer Maize Grain Yield (tlha dry wt) 
Application At 50 cm At 100 cm 

Species (kg N/ha) Cutting Height Cutting Height 

Leucaena leucocephala 0 0.5 0.4 
68 2.0 1.2 

Flemingia congesta 0 1.2 0.7 
68 1.8 1.7 

Sesbania sesban 0 1.5 1.3 
68 1.8 2.3 

Control (maize only) 0 0.4
 
68 1.1I
 

Table 14. Maize grain yields under hedgerow intercropping with leucaena, flemingia
 
or sesbania, cut at 50 or 100 cm, with or without inorganic fertilizer,
 

1989/90 cropping season, Chalimbana, Zambia.
 

low and erratic rainfall during the growing sea-
son (Table 14). The experiment will Continue in 
1991. 

I Januilry 1989. a second hedgerow-intercrop-
ping trial was established to investigate the el-
f'ects of intercropping Lem'aena h'wmC0Cehala, 
Sesbania ses an and Seshunia uIacranl/hel with 
naize under three 1anigement reginles: 
* 	 All prunings removed 
* 	 All prunings removed and Ied to goats and 
zill
Imanure returned to the soil 

* 	 All prunings returned to the soil as mulch. 
After one year's growth the ledgerows were 

prued at 1height of I00 cm. The two sesbania 

species producedIliuch imore bionass than the 
leucaena. The ainlilal component will be intro-
dLuced in tile 1990/91 growinp season. 

A 	thiird hedgerow-intercropping experiment is 
inprogress to .ompare tile effects of different 

anlountsis oL'io wena lelc0C'7p(hla prutlings on 
maize plus the effects of' different application 
illethIods on yields and soil properties. Hedge-
rows established during the 1989/90 growing 
seaoln will be prunled in1990/91. Four levels of 
prUnlings will be applied to interphaited maize 
using I'our methods ofIapplication. 

Improved fallows 
Ai inlproved-fallow trial is in progress conpar-
ing Seshania.vishanphlnted with maize inone-, 
two- or three-year rotations and maize pailted 
conitiluoLIsly withlout fallows. both with and 

without fertilizer at the standard recommended 
rate. The sesbania was planted in January 1989 
and cut at ground level in December. Leaves and 
twigs were separated from wood and incorpor
ated into tilesoil. 

Wood yields from one year's growth aver
aged 21 t/ha (dry wt). The yield of leaves and 
twigs averaged I I t/ha plus Iitterfall. which was 
not measured. 

Maize grain yields after a one-year sesbania 
fallow without fertilizer were (ouble the yields 
from control plots with no fallow and no fer
liiizcr anl about 6(0)( higher than yields from 
plots witll fertilizer alone (Table 15). These 
early results suggest that inprove(l fal lows with 

Sesbhnia seban couldi aviie considerable 
potential for improving maize production in 
Southern Africa. 

lntercropping with guava
D&D surveys have indicated that larmers inthe 

region would like to raise fruit trees, both to 
provide a cash income and to enhiace fanlily 
nutrition. Guava (Psidium gnu/qm') isa popular 
species thait grows quickly but may be affected 
by declining soil fertility. Thus.at1experimenl 
was estahllhed to test tIle effects of ,l'shania 
seshan prullings oil tIle growth of three types of 
guava. 

Guava and sesbania seedlings were inter
planted inearly 1989. In1990, two years aflter 
establisllment. the height of guava, trees inter
planted with sesbania was slightly less thian lie 
Ileight of guava grown in pure staids. The ses

153=] 1 



ICRAF Annual Report 1990 II
 

2
 

IL01 

.4 1
 

Multipurpose-tree screening trials at Yaounde, Camneroon, include studies of root 
distribution and analyses of soil changes under different tree species. 
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hanial will be cut and prunings applied during 
the 1990/91 growing season. 

Training and institution building 
Onhe N.SC. student Iroin Malawi completed his 
thesis resear1ch at Chalimlbanta in 1990.-idoneZaubatuenMSc il cnuc rsarh 
ZIfll',ill ,1.SC. StuKIt1 w,','ill
COIrLdl research 

vith tho project in 1991. Plns are also Under 
c nside ratio)1 for undergralIate sttiudents lroiii 
the IUniversity of Zanbii to conduct B.Sc. re
search with the pro ject. One member of the 
project stallT and one stall' member Iron the 
University of Zambnia participated in ICRAF's 
Teclnician Trainine Course in 1990. 

Ptro'ject stafT contribtuted to the University's 
M1.Sc. pronrilime in crop science and supplied 
seshainia fodder for ex perinietS conticted by 
the University's Animal Science Department. 
The pro.jecl also participated in the Zambianh Na-

(ma!,11AgrictItiral and Conimercial Show. 

Zambia: Chipata 


A nitional agrol'orestrv research project was 

estalblished iin1987 at Msekera Regional Re-
search Station itClhipata in Zambia's Eastern 
Province. Work is conlttcted by the Zambia 
Government's Agriculture and Forestry Depart-
ments. xxith aproject leade provided by ICRAF 
and stiPpOrt foroSARFC. 

Ob jectives are to scleen riltiplrpose trees 
caplle o iml roying so Ilfertility and providing 
supplenientary dry-seasonlfodder and ulwoot,d 
and to design iind test agrolorestr' teclintlogies. 
stuch as hedl2ervow intercropping, and improived 
fIallows. that Ire stitiable for local hld-tise sys-
lens. As at Chal imlana. all re ults rom the 
I989/9(1 grox\ ing season were affected by low 
and erratic rainltlll. 

Multipurpose-tree screening trial 
A screening trial begatn in 1988 to test 15 
provenances of (;liricidia.xpium for survival. 
erovth and bioIniss protlctJiou for green 
mnantire a1td dry-season livestock fodder. There 
was considerable vairiabilit\ both betweeti and 
xxithin provenances. Two years after estab-
lishrnent. average heights ranged from 2.8 to 4.6 
In and total bioniass ranged from 13.0 to 32.1 
t/1ia (dry wt). 

Grain Stover 
Yield Yield 

Treatment (I/ha dry wt) (t/ha dry wt) 

Fallow only 3.2 5.4Fertilizer only 2.0 4.9 
(recommended raie) 

3.7No fallow/no fertilizer 1.4 

Table 15. Maize grain and stover yields after 
a 1-year Sesbania sesban fallow compared 

with non-fallowed plots with and without 
inorganic fertilizer, 1989/90 cropping 

season, Chafimbana, Zambia. 

Iw'o particularly promnising proveriances 
were selected for firtlher testling in liedgc r'w
iltercropping systerns-one fron Colombia 
and ono fromi Guatenala. il an associated feed
ing trial. 9W4A of fresh C;liricidia .v'pium foliage 
was rejected by goatls. indicating the need for 

afurther palatability tests. 

Improved fallows 
Ani improved-fallow trial, atiuclied in Deceiii
her 1987. intvolved growilgSc'. lhbiaseshan for 
onle. two or three years, felling the trees. and 
planting maize with or without inorganic fer
tilizer. All biomass from the trees was incorpor
ated into the soil except the sterns, wlici 
fariners woUh.I nornia ly Use as fuelwood. Early 
restilts indicated thail sesbaiia lI!low cotild 
increase rmize cramiyie ls fron the crop irnie
!:.:iC5 following the fIallow and even froim the 

second crop planted a year later (Table 16). 
A two-year fallow increased subseqieLit 

maize yields more than a one-year fillow. For 
oie-year fallows. the beneficiAl effect appeared 
to increase when trees were densely planted-at 
a spacing of 50 x 50 cm. Results from plots 
Under three-year fallows will be available in 
1991. 

Hedgerow intercropping 
Restilts are now available frori two years of 
hedgerow intcrcropping with !.lmin,,iaoia
,oesta, C'a xsia siatw a :!'OC'and L'uca,!:: ,', 
phail, With iand without fertilizer. The 
hedgerows were pruned twice a year, at the 
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Fallow and 
Cropping Cycle 

Two years sesbania: 
First year maize 

(1989/90) 

One year sesbania: 
First year maize 
(1988/89) 

One year sesbania: 
Second year maize 

(1989/90) 

Control: 
Maize only 

(1989/90) 

ICRAF Annual Report 1990 LIZ 

Maize Grain Yield (t/ha dry wt)
Fertilizer Trees Spaced Trees Spaced
(kg N/ha) At 50 cm At 100 cm 

0 5.0 5.1 
37 6.3 5.6 
74 6.7 6.6
 

112 7.1 7.2
 

0 2.3 1.6 
37 3.9 3.3 
74 6.0 4.3
 

112 7.3 5.9
 

0 3.0 3.1 
37 5.2 4.2 
74 5.6 4.4 

112 6.2 5.9 

0 1.2 
37 3.2 
74 4.2 

.112 4.9 

Table 16. Maize grain yields after sesbania fallows, with and without inorganic fertilizer,
during the 1988'89 and the 1989/90 cropping seasons at Chipata, Zambia. 

heginnin and the e< l of the growiii scasol.andill] prni s reiapplied to nmi/.e rownl L r in 
the alle s. 

Total ldunti of leal'v hi<on,s ill th1e sec-
old veal.r \% rellera,, Ihighest for cassia. Len-
calcua anod hcdIeliots t I 10 cillcassia au 
Ipntluced Ilm .e leaf'% hiomiass tIh a i hederows 
ctllill 5(0 cm. ,,heereas no 
ellet On hiiMnt,,s produtic tion fromI le in inila. 
Fert ili/er application to the crop generallyv L)-
k l'ed leaf\ hioinass prodluctioii froiii the 

ht2edlero.s, 
hlai/e #rinca ields in the second yea.r were 

highest, at 0.3 t/ha (dr'v wt ). w\ihia ia cnt at 
1)0 cim plis fertili/er. and lowvest. at 1.5 t/ha. 

%%ith Icaela cut it 1(0) cm sithout lertili/er. 
In generl.., il were highest \with cassia. I,()-
los ed h\ flllrminia aiid leucaenall. Mai/e Orain 
\ elds \ksere coiiiderahlx higher with fertilizer, 
but the efTfc ts Oh ederow iuttilU ' v rcheights 
iliconsistelt. 

li th lfirst .car. inone o1' the liedge ro\ Irea-
ieniits vielded s %%as coimar'able controls-elI 
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niaize grown in ptire starnIs With and ,Withotttl 
o o 2 edefertilizer. Iin the second year. 3 out of12 hedge

row treatments performcd belter than controls. 
The real valie of this leCino logy can on I' he 
assessed over atlonger period. 

,.\ second trial was started in 1989 to issess ihe 
el1lcc t,s cm n nize yields o1" Lc''uc'/ Icitcoce
/)ul// and lirichdill .cim iull Withl,'CI and 
\withLit initrogen fertilizer. MUIII I fro seplarale 
plots was applied at levels ranging froni 0 to 20 
t/h a (fIresh \sl) iand ma ize wis planted three 
weeks later. Fertilizer is applied at rates rang
inc from ) to 120 kg N/ha. 

Maize grain yields averaged 1.4 t/ha (dry \vt) 
oi the gliricidia plots and 1.7 t/ha (dry wI) on 
tlle leuCaena plots without mulch or fertilizer 
and increased as niimlch and fertilizer levels in
creased (Table 17). The c< iibiliation of 10 ti/ha 
(fresh \vl) of gliricidia Or- leLicaena nulcli With 
nitrogen fertilizer at half the recomeninded rate 
(60 kg N/ha) producedh yields comparable with 
levci sacllcN eLi Lis iigi lile full recommenetd rate 
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I20 k,N/ha) of tertili/er without mulch. The uselul species tor I'uelwoOd production in this 
trial will he repeated on the same plots in 1991. region. 

Paidlrhia a/hidla seedliigs were planiled at 
Wood and fodder lots tilesame limle at spacings ragiing froni 2 x 2 to 
In additioni to their potential to increase soil 5 x 5 in. Average heiuhls at 14 niOliths ranged 
lertilitv and thus enhance cron i'roduction, last- front 2.5 to 2.7 inl for dil'lerenm cultin,.. he i,,lts, 
.rl'tllgmultipurpose trees coWld play an iii- but there was considerable variabilIty anong 

portanl role ill supplvi ng I'alIll wo(,d and 1I*dder ind'iVi dIal trees. 
requirements. Three lots of LCiUaCUOU h'1Cuuc- Seedl ines ot CuShi(I sWeshn wLre planlte(,S0' 
phlla seedlings were established in December in Janlary 1989 at a spacing of I x I in. and the 
I9X. planted in pure slands at tlhree spaciLIgs: 2 trees were cut back to 30 or 60 cm above gr(LInd 
x2. I x 1,and 0.5 x0.5 inl. Thev were harvested alter three, four, livc or six monlhs o growth. 
inl January 199) h\ cutt ing at lieights of 50 or They, wcre then Cut repeatelyv oii a milonthly 
I00 ciii above .,ronlidl. basis (luring the latter part oI tile dry season, 

Estabislment rates were good. At the time beginni:; in August when f'odder requiremenlts 
oIcutting, average heights ran ged front 3.5 to are createst on local larms. The produicLti(n 01f 
4.6 in. nldividual trees rew best at the widest leaf), hiomass varied widely between treatllenlts 
spaciig,. as expected. but both woo(l and leaf'' aiid between individual trees.
 
hioinas, per ili lIland were ,reatest for trees Trees grew up to a height of 2.8 in in six
 
pianted at the closest spacing. Cutting height did mouths, making harvesting difficult it'
left this 
not have a consistent eflect on tile ailount of, late. On average. total above-g round biomnass at 
leaf'\, bioiass harvested, but lla\ affect the tile of'first leaves,sub- cutling comprised 17/ 
SeqilCnll \ields from coppice regrowlh. Cutiiig I '/ unpalatable flowers and pods, aiid 7214 
at 50 cnm resltediiliSHigh1!vN higher wood yields, stei and branches. Trees cut at 30cm eided Ito 

On average. the total above-grouid biotnass produce more leaf), biotnass. while tree:, cut at 
oIfthese 14-month-old l,.Lucaenas conmprised 61 cm produced more wood. 
231( leaves. 14/ branches and 63(1 sleni. With However. regrowth of leal), bioniass was 
stem aid branches acctiunting tor 77/ (f lotal poor after the first cutting and gemierally de
bietnass. LW1U11i, h'uruupCIhlt cOuld be a elined further after each cultinlg during the dry 

Table 17.Maize grain yields (tha dry wt)with Gliricidia sepium and Leucaena leucocephala leaf 
mulch and nitrogen fertilizer in1990 at Chipata, Zambia. 

Mulch Species and 
Application Rate - Fertilizer Application (kg N/ha) 

(t/ha fresh wt) 0 30 60 90 120 

Gliicidia sepium
0 1.4 2.0 2.6 2.8 3.2 
5 2.4 2.8 3.2 3.6 3.8 

10 2.9 3.3 3.5 3.6 4.0 
15 3.2 3.9 3.8 4.5 4.6 
20 3.8 4.3 4.4 4.8 5.1 

Leucaena leucocephala
 
0 1.7 2.3 3.0 3.2 3.6 
5 2.2 2.8 3.3 3.4 3.9 

10 2.6 3.1 3.6 3.7 4.3 
15 2.8 3.2 3.8 4.0 4.6 
20 3.1 3.5 4.4 4.5 5.0 
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season. This suggests that Sesbani, seshan may 
not be an appropriate species in this region for 
agrotorestry systems that require substantial 
leaf production, either for fodder or for mulch 
and green manure. 

On-farm research 
Experiments were initiated in 1990 on five 
farms in Chipata South and Katete Districts. The 
objective is to test hedgerow-intercropping and 
improved-fallow technologies across a variety
of sites. In connection with this work, two 
farniers have successfully established nurseries 
to produce multipurpose-tree seedlings. 

Training and institution building 
The Southern Africa AFRENA programme has 
sponsored two Zambian students for M Sc. 
studies in North America. One completed a
study in 1990 on Leuca'ent leu'ocephala and 
Calliamd'a calothyrsas as supplementary feed 
for goals. The second student will conduct re-
search in 1991 on the decomposition rates of 
mulch from multipurpose trees. 

The project continues to worlk closely with 
tie Research Branch of'the Ministry of Agricul-
ture, the University of Zambia's School of Ag-
ricultural Sciences, and the Zambian Forestry
Department. 

Zimbabwe 

Zimbabwe's participation in the Southern Af-
rica AFRENA programme was confined in-
itially to training courses, workshops, and 
research planning and formulation. Following a 
macro D&D study in 1987, a team of Zimbab-
wean scientists and ICRAF staff joined in 1989 
to survey ongoing agroforestry programmes.
These are conducted by the Forestry Coin-
mission, the University of Zimbabwe, the Agri-
cultural Technical and Extension Services 
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(AGRITEX) and the Department of' Research 
and Specialist Services. 

This survey led to the design of an agrolore
stry research project for Zimbabwe, as well as 
expansion of' agroforestry education and train
ing activities. Project planning was completed
in 1990 and tileZimbabwe Government as
signed two national scientists to work with the 
project. An ICRAF scientist will join them in
1991, to be based in the Department of Research 
and Specialist Services in Harare. 

The project also includes two M.Sc. fellows 
who will undertake university course work in 
agroforestry followed by thesis research at tile 
AFRENA sites.

Direction is provided by tileCommittee for 
Agroforestry, Soil and Water Conservation
 
(CASAWAC), under the Zimbabwe 
 Science
 
Council, with representation from all relevant
 
government departments. Zimbabwe's partici
pation in the AFRENA programme is coordi
nated through SADCC and ICRAF, with
 
funding provided by CIDA.
 

In November and December 1990, the first
 
trials were established at two sites-the Mako
holi Agricultural Research Station and 
 the
 
Domboshawa AGRITEX 
 Demonstration Sta
tion. Domboshawa is located near Harare in the
 
highland area best suited for intensive crop and
 
livestock production, with annual rainfall rang
ing from 750 to 1000 mm. Makohoii is located
 
to the southwest, in aregion with annual rainfall
 
averaging only 450 to 650 
mm and farming
systems based primarily on livestock plus
limited drought-resistant crops. 
/.tboth sites, experimentation will begin

with multipurpose-tree screening trials. The 
goal is to identify promising species for soil 
improvement and provision of fodder in the dry 
season. Selection of trees for agroforestry in 
Zimbabwe must take into account frost toler
ance, in addition to the criteria of fast growth,
high yield and quality of biomass. 
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Bimodal Highlands of Eastern 
and Central Africa 

4100DANETHIOPIASUDANS 

Turkana /
G A N D A N' , .' 

KENYA SOMALIA 
ZAIRE K& o • ,,o/ , 

0 Bus lenyi 

Kalengyere *LVictoria 

RWAND e.0 Rwerere
 
Karuzli ,. , :":
 

N,!i I N D 1 A N 

," BURUNDI TANZANIA 

L.Tanganyika 400K"400 KMS::0 OCEAN 

Associated National Minimum/ Average
Research or Regional Research Maximum Annual 
Site Institute Altitude Temperatures Rainfall Soils 

Karuzi, Burundi ISABU 1600 m 1.3.30/25.70C 1140 mm ferralsol 
Mashitsi, Burundi ISABU, IRAZ 1620 m 13.20/25.60C 1210 mm ferralsol 
Maseno, Kenya KEFRI, KARl 1500 m 15.0°/31.00C 1740 mm lixisol 
Gakuta, Rwanda ISAR 2350 m 8.80/21.50C 1500 mm cambisol 
Rwerere, Rwanda ISAR 2300 m 10.90/20.70C 1160 mm ferralsol 
Rubcna, Rwanda ISAR 1650 m 13.00/25. 'Of 1170 mm acrisol 
Bushenyi, Uganda Bushenyi District 1610 m 13.30/25.60C 1200 mm ferralsol 

Farm Institute 
Kabale, Uganda Kachwekano District 2000 m 10.90/23.50C 1040 mm ferralsol 

Farm Institute 
Kabanyolo, Uganda Make.r e University 1205 m 15.70/27.90C 1440 mm ferralsol 

Farm 
Kalengyere, Uganda Highland Agricultural 2470 m 8.10/20.90C 1800 mm andosol 

Research Station 
Namulonge, Uganda Namulonge Agricultural 1250 m 10.20/29.50C 1100 mm ferralsol 

Research Station 

Background USAID. Research focuses on the sub-humid to 
humid highland areas, at altitudes between 1000 

The AFRENA programme for the bimodal and 2500 m, in Kenya, Rwanda, Burundi and 
highlands of Eastern and Central Africa was Uganda. In 1989, Ethiopia joined the network 
launched in late 1986 with support from under separate funding. 
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As a result of favourable clinlates. popula-
tion density in tile region is high, I'arm sizes are 
small and illd-lse systems are aiong tile llost 
intense in Alfrica. Agriculural practices have 
not always kept pace with increasing pressure 
on the land. Often reSuhinfill i decline in land 
and tree resources. Macro D&D studies con
ducled ill ealch coLitry by teains of natio aIl 
scienliss x.ith ICRAF staff showed that the 
potential fOr agroforesiry is high. hoth to help 
reverse environmental degradation and to in
crease the productivity of local land-use sys-
terns. 

In the design of tie research programne, a 
ke\ consideration Ihs been coiplementarity 
amnong activities in eaIch country. Different ag-
roforestrv technologies are being tested in dif-
fcrent coiltries. or. ill some cases, the sainle 
technolog y istested at diflerent sites under dif-
terent environneltai conditions. Research in 
Kenya. R\vanda and Burundi has also included 
screening trials of multipurpose-tree species 
aid proveilices of potential value in tile re-
gion. Table 18 gives an overview of work ill 
progress in 199f0. 

ICHAF AtJti i kopoit 11I 

On-farm surveys and trials were initiated in 
1990. focusing on the lanlld-use systems sur
roulnding the research sites. Tile objective is to 
evaluate the problems of local land users and to 
assess the potential of sonle of the species and 
technologies under study on slat ion. 

Multipurpose-tree screening
trials 

General screening trials include multipurpose 
trees already found in tile highlands of Eastern 
and Central Africa plus promising species and 
provenances that are new to the region. Screen
ing trials cover only the first two to three years 
after establishment. 

Measurements ci survival, height. root-col
lar diameter and hiomass production are taken 
at regular intervals, and pest anud disease in
cidence is recorded. Additional trees, planted
separately. are coppiced and their responses ob
served. Multipurpose trees are ranked according 
to these measurements, and promising species 
and provenances are examined ill more detail in 

Table 18. Research in progress in the Eastern and Central Africa AFRENA programme in 1990. 

Research 

OInitial species screening, 
management, establishment 

* Hedges in cropland 

(soil conservation, green
 
manure, fodder)


"Grass and shrubs on bunds 
(soil conservation, fodder)

* Upper/multistorey boundary 
plantings (timber, poles,

fuelwood, fodder)
eTrees mixed inbanana 

plots (timber, poles, 
fuelwood, fruit)

*Trees mixed incoffee 
plots (mulch)

* Fodderlots 

1000-1500 m 

Maseno, Kenya 


Maseno, Kenya 


Maseno, Kenya 


Kabanyolo, Uganda Bushenyi, Uganda
Namulonge, Uganda 

Kabanyolo, Uganda Mashitsi, Burundi 

Rubona, Rwanda 

Mashitsi, Burundi 

- Altitude Range 
1500-2000 m 


Mashitsi, Burundi 
Karuzi, Burundi 
Mashitsi, BLrundi 

Mashitsi, Rurundi 
Karuzi, Burundi 

2000-2500 m 

Rwerere, Rwanda 
Gakuta, Rwanda 
Rwerere, Rwanda 

Rwerere, Rwanda 

Kachwekano, 
Uganda 

Kalengyere, Uganda 
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the context of specific agrolorestry techno
logies at dilferent sites. 

Kenya: Maseno 
At the Maseno Agroforestry Research Centre in 
western Kenya. ICRAF is conducting research 
in collaboration with KEFRI and KARl. 
General multipurpose-tree screening trials, in-
itialte at Maseno in 1988, include 58 accessions 
of 28 species. A new trial began in1990 to test 
five leucaena hybrids obtained from the Ni
trogen Fixing Tree Association (NFTA). 

Among those species evaluated for 21 
months or longer. Aicrocra;.ustauvinifoliu.. Ca-

sta/rina jiung1h1lianii. Grevillha 'oblsta. 
Mar/khainia hit'I anlTilmanatipu showed ex
cellent growth (Table 19). while Er'thrina 
a)vssiiua. Croton spp and Cardia ahv.sinica 
were attacked by pests and perfornedl poorly. 

In a separate trial, average heights of five 
provenances of Leuceina h'ucocephala 26 
m1ontlhs after eslablishment ranged from 5.05 to 
5.88 mn.Root-collar diameters ranged froni 9.5 
to 14.4 cm. and fresh harvested bioniass ranged 
from 20.1 Ito 61.2 kg per tree. A provenance 
frotHawaii (USA) siowed the best perfor-
mance. 

The perfornance of three provenances of 
Calliandracalthvirsits 26 months after estab-
lishient was rather uniform, and generally bet-
ter than that of the leucaenas. The best 
performance was recorded for an accession 
r'ron averaging in height,Guatemala. 6.0 rn 
18.9 cni in root-collar (lianeter and 68.2 kg of 
fresh biomass per tree. 

The height and root-collar diameter of six 
Gliricidiasepium provenances obtaine(l from 
the Oxford Forestry Institute (UK) were fairly 
ouniform. but biomass production varie(l 
widely-from 7.5 to 57.5 kg fresh wt per tree. 
The best provenance was from Playa dle Sarnala, 
Guyatenaga, Guatemala. with an average height 
26 nionths after establishmcat of 4.93 m1i,an 
average root-collar diameter of 16.8 cni. ani 
average biomass production ot 57.5 kg fresh wt 

per tree. 
Another interesting result was the substantial 

difference between Cassia.spectahilis an(l Cas-
Sia siamea. At 26 months after establishment, 
Cas.ia .p'ctabilis produced twice as much bio-
mass as Cassia siamea-52.9 kg compared to 

Root-collar 
Height Diameter 

Species (M) (cm) 
Acrocarpus fraxinifolius 5.3 11.2 
Casuarina junghuhniana 4.8 7.6 
Tipuana tipu 4.3 5.9 
Grevillearobusta 4.2 9.9 
Markhamia lutea 3.4 6.5 

Table 19. Height and root-collar diameter 
of 6 promising multipurpose-tree species 21 
months after establishment, Maseno. Kenya. 

25.0 kg fresh wt per tree. Of the multipurpose 
trees planted more recently. Alhi-ia.fihhaiaria, 
Acacia auricul/fw mis. (revilh'a rohusta. Ahns 
acumiata. ,h,'arandc;mnimosifidia. Leiucaena 
h'ucocephalat LCA 14198). Lecwea diversi
./blia ( K 156). Leucaen paniculata (ILCA 
14203) and Calliandra calotlvrsus (Patullil) 
showed excellent growth. 

Rwanda: Rwerere and Gakuta 
ICRAF is conducting research at Rwerere Re
search St ion in northern Rwanda in collabor
ation with the Ilnstitut (les sciences 
agronomiques IoI Rwanda (ISAR). In 1990. ex
periments were also initiated at Gakuta Re
search Station inthe Cr&te-Zaire-Nil region. 

Species screening trials were established at 
Rwerere in 1989 an,' 1990. Altogether, 30 ac
cessions of 24 species are being tested. Table 20 
gives the average heights and root-collar 
(liameters of 13 promising species 14 niontlis 
after establishment. 

Based on these criteria, Sesbauiaseshan per
formed extremely well at this altitude. Several 
pole, timber and fuelwood species that are new 
to the area also gave good results. including 
A ln.s mepalensis. Casuarinaspp. Crolon spp. 
Grevillea robusia and Cupressu luitanica.
They all grew considerably faster than Markha

mia huta, a traditional species inthe area that 
only attained an average height of 61 cm in 14 
rnonths. Two valuable fodder trees from Nepal, 
Schina wallichii and .salfalianapalh'ensis, 
also appear to be well adapte- to this high-alti
tude environment. 
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Root-Collar 
Height Diameter

Species (M) (cm) 

Sesbania sesban 5.3 5.6 
Grevillea robusta 2.4 3.9 
Alnus nepalensis 2.3 2.8 
Casuarina equiseifolia 2.2 3.1 
Casuarina 2.2 3.0 

cunninghamiana 
Leucaena diversifolia 1.9 2.6 
Cupressus lusitanica 1.9 2.9 
Crotonmacrostachys 1.8 2.3 
Acrocarpus fraxinifolius 1.7 3.2 
Calliandracalothyrsus 1.5 1.9 
Schima wallichil 1.4 3.0 
Croton megalocarpus 1.2 2.6
Saurauia napaulensis 0.8 2.5 

Note: These data were obtained from differ-
ent trials that started at different times. Com-
parisons between species are not entirely
valid. 

Table 20. Height and root-collar diameter of 13 
promising multipurpose-tree species 14months after establishment at Rwerere, 

Rwanda. 

With acid soils an( an altitude of 2450 i. 
environmental conditions at Gakuta are harsh 
and few multipurpose-tree species are available 
locally. For this reason, the research project puts 
considerable emphasis on general species 
screen inge. 

A total of (9 accessions of 47 species were 
planted in 1990. Six months alter establislment. 
the best accessions in terms of height growtll 
were Miniom scahrelha (Brazil), Chanaet-
ti.su.s prolifertt. Sv.%hania .vshan (Kakamnega). 
"hlhOsia vogelii (Arboretum). Sesania .ses-
han (Nrabisindu ). ,haCunin melhOX*Vhm, Acia 
koa (llawaii). Acacia ko (Umikoa Hawaii), 
S'.%l~uPiw x.xhcui (Kitale). Ats actntintal 
(Congelin Townsite) and Grevillea rohusla 
(Mwea). 

Burundi: Mashitsi and Karuzi 
Ill Burundi, ICRAF isconducting collaborative 
research with the Institutldes .sciences agron-
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onhiques (III Burundi (ISABU) at two sites-
Mashitsi and Karuzi Research Stations. At Ma
shilsi. some experiments are also conducted ill
collaboration with the Institut de recherche ag

ronomique el zootechnique (IRAZ). 
One new screening trial was established at 

Mashitsi in 1990. focusing primarily on multi
purpose trees provided by NFTA. Altogether.
screening trials at Mashitsi included 21 ac
cessions of 15 species, while trials at Karuzi 
included 30 accessions of 24 species. Table 21
shows height and root-collar diameter or eight
promising species 15 to 16 nlonhs after estab
lishinteent. 

Tree establishment methods 

Trees used ill general screening trials are all 
established from seedlings raised ill nurseries. 
However, this approach may not always be feas
ible for farmers in the region because nursery
grown seedlings are expensive, difficult totransport and often simply not available. 

For this reason, scientists are lookingat other 
to scens are lo otherwaysFor th establisheas trees and also at atways to 

reduce the cost of transporting seedlings. Thiswork is being conducted at Maseno by ICRAF's 
muIltipurpose-tree improvement programme 
and at Rwerere. 

Studies at Rwerere focus on direct seeding of 
hedges and on methods to reduce transport costs 
by using bare-rooted seedlings. Establishment 
trials using bare-rooted seedlings of Seshania 
seshan have given good results. 

Fodder production 

Fodder shortages in the dry season are a com
mon problem throughout tile zone. Farmers in 
sonic areas have introduced zero-grazing sys
tens for dairy cows based on grasses, in particu
lar napier grass (Pennisettm puIrpurettm),
planted on field bunds, along boundaries or in 
blocks. While this has alleviated some animal
nutrition problems, it has also become obvious 
that protein requirements for dairy production 
are difficult to meet if only grass is available. 
Thus. the AFRENA programme has initiated 
several experiments to examine the use of trees 
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Bimodal Highlands of Eastern and Central Africa 

in combinations with grass for high-protein fod
der production. 

Kenya 
Two fodder-production trials have been in pro
gress at Maseno since 1988. The first was de
signed to e'aluate the effect of different cutting 
heights on bionass production from Letuaena 
l'tc fleplala hedges in cropland. As in 1989. 
results in 1990 showed an increase in harvested 
leafy biomass (fresh w) with an increase in 
cutting height (see Figure 3). It was not possible 
to assess the effects of hedges cut at different 
heights on adjacent crops. 

In the second trial, initiated in 1988. rows of 
Le'mccu'm lc ocephala, Seshania .eslan and 
Calliadracaloth 'r.us were planted in pure 
stand orcombined witlPenniu.vtmlprpureut. 
The sesbania (lied early in 1990 after six cut- 
tings. 

As in 1989. both the grass and the other two 
tree species were more productive when planted 
together than separately. In 1990, the calliandra 
produced 27% more leafy biomass per m of 
hedge when planted in single rows with one row 
ofpennisetum than when planted in double rows 
of trees alone (Table 22). The leucaena pro-
duced 18% more biomass when mixed with 
pernisetum. The grass was 25% more produc-
tive when mixed with leucaena and 5% more 
productive when mixed with calliandra. 

t -0so TO N 
O 

Figure 3. Annual leafy biomass production
 
(kg/m fresh wt) from 2-year-old hedges
 
of Leucaena leucocephala at Maseno,
 

Kenya, cut 4 times a year.
 

Rwanda 
A parallel trial was established in 1988 at 
Rwerere, combining calliandra on contour 
bunds with pennisetum and with another fodder 
grass. Setaria splendida (Table 23). Biomass 
production from the calliandra was about 20% 
of the level recorded at Maseno, while produc
tion from pennisetun was similar at the two 
sites. 

The results of combining trees and grasses 
were similar to those at Maseno. Production of 
calliandra and of the two grasses was higher 
when planted in combination than in pure 
stands. As at Maseno. the Seshania seshan orig
inally included in the trial died in 1990. 

Table 21. Height and root-collar diameter of 13 promising multipurpose-tree species
15 to 16 months after establishment at Mashitsi and Karuzi, Burundi. 

Species 

Casuarina cunninghamiana 
Grevillea robusta 
Cupressus lusitanica 
Acrocarpus fraxinifolius 
Maesopsis eminl 
Alnus acuminata 
Alnus nepalensis 
Cesuafinaequisetifolia 

- Mashitsl -
Height Root-collar 
(M) Diameter (cm) 

3.2 3.8 
2.9 5.3 
2.6 4.3 
2.5 3.9 
1.8 4.2 
1.8 4.4 
1.6 3.3 
1.5 2.5 

- Karuzi -
Height Root-collar 
(M) Diameter (cm) 

2.9 3.1 
2.2 4.1 
2.4 4.1 

1.3 3.3 

1.6 3.4 
3.0 3.5 

Note: These data were obtained from different trials that started at different times. 
Comparisons between species are not entirely valid. 
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Biomass Production (kg/m fresh wt)
Species From Trees From Grass Total 

Leucaena (2 rows) 8.5 - 8.5 
Calliandra (2 rows) 12.6 - 12.6 
Pennisetum (2 rows) - 44.0 44.0
Leucaena +pennisetum (1 row each) 5.8 33.1 38.9
Calliandra + pennisetum (1 row each) 9.7 24.2 33.9 

Table 22. Annual leafy biomass production (fresh wt) from different grass
and shrub combinations grown on field bunds at Maseno, Kenya. 

Tile different combinations ofcalliandra and not appear to benefit from interplanting with 
grass had significantly different effects on ad- grasses at this site. There were no significant
jacent wheal and bean crops. Pennisetum.r which differences in the effects of different combina
had the highest fodder vields, had a much more lions on a bean crop planted next to tile builds. 
depressing effect on crop yields than selaria or These figures cannot be compared with those 
calliandra. either in combination or in pure from Maseno and Rwerere (Tables 22 and 23)
stands. Thus. with trees and grasses planted on because production at Mashitsi was measured in 
contour hunds. there appears to be a trade-off dry wt and because one grass harvest at Mashitsi 
hetmeen maximum fodder production. obtained was not included due to damage by livestock. 
by using penniselum, and maximum production 
of adjacent crops. Uganda 

Collaborative research is in progress at five sites
Burundi in Uganda. Experiments started in 1988 at tile 
Another parallel trial was established at Ma- Kabanyolo University Farm near Kampala and 
shitsi in 1989. combining calliandra and leu- in 1989 at tile Kachwekano District Farm In
caena on contour bunds with pennisetum and stitute in Kabale District. In 1990, this work 
another fodder grass, Trisacum . extended to Namulonge near Kabanyolo,laxim. Table 
24 gives 1990 bioinass production from the Kalengyere near Kachwekano. and Bushenyi in 
different combinations, western Uganda.

The tripsacume appeared to benefit from in- An experiment on steeply sloping land at
terplanting with both tree species. while the Kachwekano was designed to investigate the 
pennisetum generally performed poorly. Apart potential forestablishing rows of calliandra and 
from leucaena with pcnnisetum., tile trees did pennisetuni on the upper !Ind lower sides of' 

Table 23. Annual leafy biomass production (fresh wt) from different grass
and shrub combinations grown on field bunds at Rwerere, Rwanda. 

Biomass Production (kg/m fresh wt)
Species From Trees From Grass Total 

Calliandra (2 rows) 2.6 - 2.6
Setaria (2 rows) - 13.4 13.4 
Pennisetum (2 rows) - 46.0 46.0 
Calliandra +setaria (1 row each) 2.1 7.5 9.6
 
Calliandra +pennisetum (1 row each) 1.7 25.0 26.7
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Biomass Production (kg/m dry wt)
Species From Trees From Grass Total 

Calliandra (2 rows) 

Leucaena (2 rows) 

Pennisetum (2 rows) 

Tripsacum (2 rows) 

Calliandra + pennisetum (1 row each) 

Calliandra + iripsacum (1 row each)

Leucaena -,-pennisetum (1 row each)

Leucaena + tripsacum (1 row each) 


1.9 - 1.9 
1.2 - 1.2 
- 1.1 1.1 
- 1.0 1.0 
0.8 0.4 1.2 
0.8 1.1 1.9 
0.6 0.4 1.0 
0.4 1.0 1.4 

Table 24. Annual leafy biomass production (dry wt) from different grass 
and shrub combinations grown on field bunds at Mashitsi, Burundi. 

terrace risers. Bionmass production was assessed 
for the first time in September 1990. Yields of' 
trees and grass were greater on the upper sides 
of tile terraces. As at other sites, pennisetum 
appeared to have a stronger negative effect on 
adjacent crops than did calliandra. 

Hedgerow intercropping 

Research on hedgerow intercropping is de-
signed to address problems of' declining soil 
fertility and soil erosion. Experiments include 
screening of potential hedgerow species, assess-
ment of hedgerow and crop arrangements and 
management techniques, and evaluation of crop 
production using green manure from hedgerows 
plus fertilizer. 

Kenya 
In a hedgerow-species screening trial estab-
lished in 1988. Calliandr'a caloth'irsusconsist-
ently showed the highest production of' leafy 
biomass. Total fresh leaf'y biomass from four 
cuttings in 1990 was 37.5 t/ha. 

Two provenances of Lecae, hnahucocephala 
each yielded about 20 t/ha, Erv\thrina ca/.ra 
yielded 14.9 t/ha, Gliicidia sepium yielded 
11.4 t/ha, and Cassia siamea yielded 7.5 t/ha. 
Maize yields from the alleys between hedge-
rows compared very favourably with 'yields 
from the control plot even though the plots with 
hedgerows had a 25/ lower maize population 
(Table 25). 

S65--I 

A parallel trial on more fertile soil included 
fertilizerapoliedat different rates. Here, the role 
of hedgerows was less consistent. With fer
tilizer, the effect of green manure application 
was not enough to compensate for tile 20c/ 
lower population of maize plants on hedgerow 
plots. However, on plots without fertilizer, the 
positive effect of' green manure was significant. 

Tile problem of reduced space available for 
crops under hedgerow intercropping was ad
dressed in another experiment, comparing 
yields from maize at tile standard spacing of 75 
cm fronl aLet'ucenia leticocephaki hedgerow to 
yields from maize only 37.5 cm fron the hedge
row. Maize dry-grain yields from two growing 
seasons in 1990 were only slightly less from 
rows at the reduced spacing, suggesting that 
hedgerows might be interplanted with naize 
without decreasing tile overall maize popula
lion. 

The sane experiment included a comparison 
of tree biomass production under different 
hedgerow arrangements. A double hedgerow at 
aspacing of 50 cm between rows produced only 
50% more biomass than a single hedgerow, 
while a triple hedgerow produced only 80% 
more biomass than a single one. Similarly, dou
bling the number of trees in a hedgerow by 
reducing the space between trees from 50 to 25 
cm resulted in increased biomass production of' 
only 15 tt, ?7r. 

A hedgerow-intercropping trial initiated in 
1990 on 22 farms atround Maseno is discussed 
under on-farm research. 
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Hedgerow Species 

Calliandracalothyrsus 
Gliricidiasepium 
Erythrina caffra 
Leucaena leucocephala (Hengchun)
Leucaena leucocephala (Melinda)
Cassia siamea 

Control: no hedge 

Maize Grain Yields (tlha dry wt)
First Season Second Season Total 1990 

3.0 3.0 6.0 
3.3 2.6 5.9 
3.4 2.1 5.5 
3.2 2.2 5.4 
2.7 2.0 4.7 
1.9 1.7 3.6 

2.0 1.5 3.5 

Table 25. Maize grain yields under hedgerow intercropping at Maseno, Kenya. 

Rwanda 
Two hedgerow-intercropping trials began at 
Rwerere in 1988, designed to test this technol-
ogy in the high-altitude zone. The first trial 
focuses on the identification of suitable hedge
row species. Fresh biomass production in 1990 
was highest fron hedgerows of Calliandraca-
lth.r.sus, followed by Letn'aena diversi/ilia
(ex Ruhande). Two Leucaena h'tcocephalaac-
cessions and one leucaena hybrid appeared 
poorly adapted to this environment, and the 
Seshaia .wxhan died during the year. 

Wheat and bean yields were highest with 
Leuwaena leucocephala (K8), one of the hedge-
row types with the lowest biomass production. 
Otherwise, crop yields were generally higher
with the higher-yielding hedgerow species. 

The second trial included fertilizer applica-
tion at different rates. Here, there was no 
measurable response to the various treatments, 
probably due to site heterogeneity. 

Burundi 
At Mashitsi. two screening trials lor hedgerow 
intercropping include provenances of Letwaena 
h'ucocepiala.Leucaena diversifl'aia, Callian-
&-'a cahathvus, Cassiaspectabilis and Sesba-
nia seshan. Hedgerows were cut three times in 
1990. The three provenances of Calliandra ca-
loth*'rsu. and the two loca! provenances of Leu-
cUena diversifi/ia produced the most leafy
biomass (Table 26). 

The second trial, established in 1988, focuses 
on the effect of hedgerow prunings on crop 
yield, both alone and in combination with four 
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levels of nitrogen fertilizer. Fertilizer treatment 
had no efTect on hedgerow growth. Data ol crop 
growth will be available in 1991. 

Upperstorey trees on field
 
bunds and boundaries
 

Research has been initiated at five sites in 
Uganda to increase the production of timber. 
building poles and fuelwood from trees planted 
on field bunds and boundaries. Initial work con
centrates, on selecting appropriate species. Al
together, 35 accessions of 21 species are being 
tested at Kabanyolo, Kachwekano, Namulonge. 
Bushenyi and Kalengyere. 

Initial growth performance has been as
sessed from the first three of these trials. At 
Kabanyolo near Kampala, Melia az-edarach 
reached 7.9 m in height in 26 months, with a 
root-collar diameter of 19.8 cm, producing a 
sizeable pole. Although ranking second in 
height, at 5.3 m,Casuarina equiset/iolia had a 
low estimated stem volume, with a root-collar 
diameter of only 6.9 cm. Alnus acuminataand 
Cupressius lusitanicagrew least well at this site, 
with Cordia abvssinica,Maesopsis eminii and 
Markham/a lItea in an intermediate position. 

In a second trial at Kabanyolo. Cassia sia
mea was 5.2 in tall after 19 months. lacarancla 
mimhisifilia was 4.8 in, one accession of Grevil
lea rohusta was 4.0 n, and Casuarina equiseti
fi/a was 3.8 m. Cupressus semperviirens did not 
grow well, while Er'ithrina ahyssinicasuffered 
from insect damage. 

] 
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ICRAF research associate checks tree-mulch decomposition experiment 
at Maseno in western Kenya. 
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Leafy Biomass Harvested from Hedgerows (kg/m dry wt)
Species February October December Total 

Calliandra calotkyrsus (Guatemala)
Leucaena diversifolia (Ruhande) 
Calliandracalothyrsus (Ruhande) 
Leucaena diversifolia (Murongwe) 
Calliandracalothyrsus (Kibuye)
Cassia spectabilis (Kibuye) 
Leucaena diversifolia (Colombia)
Cassia spectabilis (Bugarama) 
Cassia spectabilis (Machakos) 
Leucaena leucocephala (Siaya) 
Cassia spectabilis (Embu)
Leucaena leucocephala (Kimberly)
Leucaena leucocephala (Murongwe) 

1.4 1.5 0.9 3.8 
1.3 0.9 1.0 3.2 
1.1 1.3 0.7 3.1 
1.2 0.9 0.9 3.0 
1.1 1.3 0.6 3.0 
0.5 0.9 0.7 2.1 
0.7 0.7 0.6 2.0 
0.5 0.7 0.6 1.8 
0.4 0.6 0.8 1.8 
0.4 0.3 0.3 1.0 
0.3 0.6 0.7 1.6 
0.2 0.2 0.4 0.8 
- - 0.1 0.1 

Table 26. Leafy biomass production of selected hedgerow species at Mashitsi, Burundi. 

In the more temperate climate at Kachwe-
kano, Alnus auminata,Casuarinacuninglha-
miana and Grevilh'arhustareached heights of 
about 4 in after 21 months of growth. Like the 
Casuarina equisetifidia at Kabanyolo, Ca-
s.uarinacunninghamianuhad thin stems, result-
ing in a lower stem volule than that of the other 
two fast-growing species. 

Another series of trials was established to 
investigate the spacing of upperstorey trees in-
terplanted with Calliandra calothvrsusor Pen-
nisefuIn purpuretmt adjacent to a maize crop. 
Results in 1990 indicated that the understorey 
species influenced the growth of the uppersto-
rey trees and adjacent crop, at least during the 
early years of establishment, while the spacing 
of the upperstorey trees had no effect. In all 
cases. pennisetum and calliandra appeared to 
suppress tree growth-more in terms of stem 
and crown diameter than height. Both understo-
rey species also suppressed growth of the ad-
jacent crop, particularly the pennisetum. 

Multipurpose trees mixed 
in banana plots 
The introduction of multipurpose trees into ba-
nana plots is designed to augment the farmers' 
supply of wood products and fruit. Two species-
screening trials are in progress at Kabanyolo, 
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Uganda, and at Mashitsi, Burundi, covering a 
total of I I species. After 12 months at Mashitsi, 
Grevillea rohusta reached an average height of 
2.1 m and Letwaena leuocelhala reached 1.9 
m with no negative effects on the height and 
stern diameter of the interplanted banana. Cal
liandra (alothvrstas also grew vigorously, but 
growth of associaied banana was significantly 
reduced. At Kabanyolo, several species have 
grown well, in particular Cedrela odorat and 
Cedrela serraa. A third trial has been estab
lished at Mashitsi to compare the effects of 
Grevilh'a robusta planted in banana plots at 
different densities. 

On-farm research 

Kenya 
ICRAF and collaborating national scientists 
conducted a micro D&D survey in 1990 in the 
area around the Maseno Agroforestry Research 
Centre. Population density is high in the region, 
averaging more than 1000 people per sq kmn in 
some areas. Farms are small, often with less than 
I ha undercrops, providing little opportunity for 
fallowing. 

Farmers try to maintain soil fertility by 
manuring, but the quantities of manure avail
able are inadequate to sustain yields. The major 
problems reported in a series of meetings with 

I 
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An uppe:'stofey of Gruvillea robusta interplan ted with Calliandra calothyrsu-s 
onf steeply sloping landcat Kabanyolo. Uganda 
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Participating fariers were selected froin Rwanda 
high-rainfall areas with contrasting levels ol'soil In 1990. AFRENA scientists conducted a stir
fertility. They saw examples ol'iedgerow inter- vey on the potential role of woody stakes for 
cropping and other agrol'orestry technologies at climbing beans in collaboration with a Farming
the Maseno Agroforestry Research Station and Systems Research Project based at Rwerere. 
contribuLted to the detailed design olthe technol- Out of 135 farmers interviewed. 59(/ men
ogy through discussions in a series o meetings. tioned tile lack of stakes as a problem restricting 
For instance, the farmers specified that space be tile production of climbing beans. Farmers fre
lelIt at the end of liedgerows tor turning oxen quenlly stake their beans on pennisetun stems 
during plo ug hi ng. They were not overly worried harvested trom contour bonds, but they reported 
about Ihe lablour required fOr hedgerow plant- that tile grass stems are not very durable. 
ing. but they expressed concern about conipeti- Also in 1990, AFRENA scientists began dis
tion between trees and crops and the effects of tributing seedlings of upperstorey-tree species 
dry periods, to tarmers, working through local development 

Most of the participating tarniers planted projects. 
hedgerows at a rate of 10 to 20 seedlings per 
person-hour. On average, I I,, of' tile original 
seedlings died and had to be replaced in the first Special project on agroforestry 
three months, with mortality rates ranging troi 
less than I to 32'4 on individual farms. Termite 
attack and poor planting techniqunes were the In Kenya, a large number of ministerial depart
niain causes ot seedling mortality. mnets, donor agencies and ron-governrnental 

Growth rates varied widely between t'arms organizations are involved in agrofarestry re
due to browsing by antelopes. ditterences in soil search and development, all with strong support 
type and local variation in rainlal. Average from the Kenya Government. ICRAFjoined the 
heights at three months alter planting ranged Kenya Ministry of Environment and Natural 
foim 21 to 86 cm. Additional species will be Resources in March 1988 to carry out a two
included in 1991 for acomparison of resistance year project aimed at collecting, synthesizing 
to browsing and termite damage. Also, the trial and publishing training and extension material 
will be extended to another area with higher based on these numerous agroforestry research 
land-use intensity, and development activities. 

This project was conducted in close collabor-
Uganda ation with other Ulinistries and departments of 
On-farm research started in 1990, focusing oin the Kenya Government and with several non
farms near Kachwekano. Initial work was de- governmental organizations. The Swedish In
signed to assess the level of interest in agrofore- ternational Development Authority (SIDA) 
str' amon local f'armers. to idlentify any major provided financial support. 
constraints that would affect lutUre acceptance Tile intormation collected through this pro
ot agrotorestry technologies, and to develop ject will be published in several formats tor a 
methodologies for detailed on-tar studies, broad audience. Specific publications will in-
Trees were distributed to about 200 farmers. elude a field guide to trees and shrubs suitable 
These are being managed in different ways by for agroforestry development in Kenya, ati an
farmers and researchers, notated bibliography covwiing published and 

Initial observations indicate that miost unpublished literature on Kenyan agroforestry, 
farmers are keen to plant trees. Constraints to brochures on multipurpose-tree species of im
agrotorestry adoption include poor access to portance in specific regions of the country, and 
plantiig material, daniage to seedlings by graz- other training material for agroftrestry exten
ing fivestock, and loss of seedlings due to theft sion. 
or vandalism. These findings underline the in- In addition to collecting and disserninating 
portance of providing eftective protection for useful information, the project made it possible 
yuing trees. far ICRAF to extend technical services and 
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support to departments and research institutions provided thousands of multipurpose-tree seed
of the Kenya Government and to non-govern- lings to the district administration-at Kabale. 
menial organizations working in agroforestry Staff members from several projects in the 
research, training and extension. Assistance was region visited agrolorestry field sites in western 
provided through participation in training work- Kenya. with support from the Rockefeller Foun
shops, short courses and planning sessions, all dation. AFRENA scientists in Kenya also gave 
designed to train the trainers and extension lectures on agrolorestry at provincial meetings 
supervisors responsible for agroforestry and so- of Ministry of Agriculture staff. 
cial forestry projects in Kenya. In February, the zonal planning and evalu

ation workshop took place in Bujumbura, Bu
rundi, accompanied by a meeting of the 

Training and institution building Regional Steering Committee. The workshop 
emphasized the development of' on-farm re-

In 1990, IDRC provided funding for five M.Sc. search and included a one-day study tour to 
fellowships awarded to collaborating scientists various agroforestry projects. The Regional 
within the Eastern and Central Africa Steering Committee resolved that Ethiopia and 
AFRENA. IDRC also supported the participa- Zaire should join the network, subject to the 
tion of project staff in ICRAF's three-week field provision of additional funding. 
tcchnicians' training course. A proposal has ben formulated for a five-

In Burundi, project scientists visited national year naoional agroforestry research project in 
agroforestry projects and conducted a training the Ethi-hpian highlands. Field visits and meet
course for teachers at an agricultural college. In ings witn national institutions in Ethiopia were 
Rwanda. project staff visited agroforestry pro- supported by SIDA. 
jects, ..rganized a national agroforestry meeting ICRAF staff al-' helped KEFRI and KARl 
in collaboration with ISAR, and helped with a prepare a proposal for aii agrofores;try research 
training course conducted by CARE. In project focusing on the coffee-based land-use 
Uganda. project staff participated in a number system in Embu District, Kenya. The proposal 
of national and district-level workshops and has been approved for funding by SIDA. 

Banana interplanted with beans at Mashitsi, Burundi. Early results indicate that upperstorey trees
 
can be adde,. u ,uch systems with no negative effects on the banana.
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Minimum/ AverageResearch Associated National Maximum Annual
Site Research Institute Altitude Temperatures Rainfall Soils
 

Yauunde, Cameroon IRA 7u0 m 19.2"/28.6°C 1600 mm ferric acrisolsEbolowa, Cameroon IRA 710 rn 19.2 0/28.6°C 1650 mm ferric acrisolsSangmelima. Cameroon IRA 720 m 19.0°/28.5 C 1680 mm ferric acrisols 

Background A third project was initiated in Nigeria in 
1990. based at IITA. This activity is discussedIhe humid lowNlands of West Africa. at an alti- in tihe section on ICRAF's research programme

tilde (f le',., than 1(1(1(1I. slarl in tlhe west in for multipurpose-tree improvement.
Guinea isa.',:ludC parts of Guinea. Sierra ICRAF also participates with IITA andILeone. liberia. ('6te d'lvoire. G]hana. Togo, ILCA in the Alley Farming Network for Tropi13,-ni and Nigeria. and extend in the east to cal Africa (AFNETA). with acoordinating unit(a iieroon. Aunnual rainfall ave raes more than at IITA in Nigeria. This collahoralive work is15 (1ir1. vilhltwo raimn seasons and a total described in a separate section of this report.
gr(\ lmg period ol 270 to 365 (ays a year. The 
\'eetalion is trlpical rain f(Irest.

\Vithin tile region. ICRAF has been engaged Cameroon 
in a ('ol lahorative Agroforestfy Projecl in 
('aneroon since 1986. Funding iln 1990 was ICRAF started an aorolorestry research project 
prov ided h Il)RC. A second collaborative pro- in 1986 in collaboration with the GovernmentJec starled in Ghana in 1989. also with IDRC of Cameroon's Institut de la recherche aronlu'tidi III.,. onlique (IRA). The focus is on the cocoa/food 
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Yaound6 Ebolowa Sangemelima 

*MPT screening: 10 species 
"Hedgerow intercropping: 7 species 

aHedgerow intercropping: 
biomass assessment 

* MPT screening: 
10 species 

"Hedgerow intercropping: 4 species e Hedgerow intercropping: 
with and without fertilizer time of initial cutting 

"Hedgerow intercropping: on farm oShort improved fallows 
"Hedgerow intercroppirng: 

alternative arrangements 
"Hedgerow intercropping: biomass assessment 
"Improved fallows: different fallow periods 
* Improved fallows: on farm 
* Improved fallows: time of planting on farm 
a Improved fallows: time of planting on station 
* Improved fallows: residue management 
* Rotational hedgerow intercropping with livestock 

Table 27. Experiments in progress in 1990 at three sites in Cameroon. 

crop production system in the southern plateau an accompanying reduction in (he fallow 
region of'the country. The first phase of tile period. Specific problems include: fragile and 
project concentrates on the food-crop compo- infertile soils: high labour requirements for land 
nent. The second phase, beginning in 1991, will clearing, land preparation and weeding; crop 
include research on the role oflagroforestry in destruction by free-ranging livestock: and 
cocoa producdon. limited resources to purchase chemical fer-

In these luIII id lowlands. small-scale tilizers or other inputs. 
farmners generally grow food separately from ICRAF is working on three agrolorestry 
cecoa according to acomplex system ofshifting technologies that could potentially help solve 
cultivation. They begin the crop-production these problems. These are hedgerow intercrop
cycle by clearing small plots from natural forest ping, improved fallows and rotational hedgerow 
or fallow land. The cleared vegetation isusually intercropping with livestock. They were identi
burnt. Then as many as seven or more different fled as promising approaches for farming sys
food crops are planted. These include short- terns in the region during the initial D&D 
term crops such as maize, groundnut and yam exercise and subsequent surveys. 
and longer-duration crons such as plantain. cas- Collaborative on-station and on-f'arm re
sava an( sugarcane. search is conducted primarily at Yaoundd in 

Short-term crops are harvested at tile Central Province. Limited work is also in proend of 
one season, while other crops are left in the gress at Sangmclima, and a new station was 
fields for one, two or even three years. During opened in 1990 at Ebolowa. both in South Prov
this period, farmers return to their plots to har- ince. Sixteen experiments were in progress in 
vest, but (Ionot practise any other form of man- shown in Table 27.1990. its 
agement. By the time the last crops are removed. 
tileplots have been completely overtaken by Multipurpose-tree screening trials 
weeds and invading species. particularly Eupa- Experimeiltal work began with two inultipur-
Iritlm odrat)I and napier grass (P'nniseiti pose-tree screening trials, starting in Yaoundd 
purpureum). They remain under this natural in 1987 and in Sangmel ima in 1988. The goal 
fallow until the next cropping cycle begins, was to identify which trees were well adapted to 

As in many other farming regions of the local conditions and suitable for priority agro
tropics. there is increasing pressure on land with forestry technologies. 
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The trial at YaoIUde included 10 promising
exotic species, planted both in pure stands and 
intercropped with maize. Three )ears alter es-
tablishmenl, Paracc'rianlw, labh'/lara Consist-
ently showed the best growth in terms of height
and stein diameter (Table 28). Cassia .i/fea,
Calliandra caloth*vi.-ss, Leucuena lecc'e-
pha/a. Gliricidia .pill/1 and Acacia au'iculi-
.finmis also performed well. 

Acacia malngim and Casvia jvani tca per-
formed poorly and Seshawa.ofrnmosa and Se,
huniagrand/fl'a died aftci the first cutting, one 
year after establishment. Intercropping with 
maize .Nuppressed the growth of all species, par-
ticularly during the early establishment period.

Soil samples were taken under the most 
promising species from three levels: 0-5. 5-15 
and 15-30 ci. Although results were prelimi-

nary. there appeared to be a trend towards soil

improvement under multipurpose trees. Topsoil

under calliandra had the highest levels of 
or-
ganic matter, organic carbon, total nitrogen,
available phosphorus, calcium, magnesium and
potassiain. followed by soils tinder paraserian-
thes. cassia arid gliricidia. 

The performance of tree species at Sangmeliina 
was somewhat dilferent (Table 29). Ten specieswere planted in pure stands and intercropped
with groundnut. Ilntercropping with the legume
did not have any significant effect on the perfor-

1 ICRAF Annual Report 1990 = 

mance of the trees. Two years aflter estab
lishnlent. AC'iCIa MliUcigil n showed the best 
growth, followed by Callia,,dra calohw'.sUA,
Acacia auricilfinmis and Parerianth.'s 4.I
caturia. Three local trees were included-.-Di
hoscia marocarpa, Dialium guil'n.e and 
Chlorolora ewtcel.a-but all performed poor
ly relative to the exotic species. As expected, the 
worst performance was from Chhlrolplra .\
celsa, which is a slov-growing species. 

Hedgerow intercropping
Six hedgerow-intercropping experiments were 
in progress in 1990. Tile oldest was an on-sta
tion experiment, established at Yaound6 in 1987 
to compare tile effects of mulch fron seven
multipurpose-tree species on interplanted maize 
crops. 

Trees were planted by direct seeding and,
beginning in 1988. different levels of fertilizer 
wereapplied. Results at the end of 1989 showed 
no significant differences in niaize yields attri
butable to tree species or to the amount of mulch 
applied. This was mainly due to poor tree estab
lishment and low biomass yields, too small to 
have a measurable effect. The trial was left tofallow in 1990 and will be resumed in 1991. 

The second hedgerow-intercropping experi
ment, initiated in 1988 at Yaound6, examined 
the effects on crop production of' mulch from 

Table 28. Average height and stem diameter at 50 cm above ground of 8 multipurpose trees
established inpure stands and intercropped with maize, 3 years 

Species 

Paraserianthes 

falcataria


Cassia siamea 
Leucaena 
leucocephala

Calliandra 
calothyrsus

Gliricidiasepium
Acacia auriculiformis 
Cassiajavanica
Acacia mangium 

- -7 4 1 

after planting at Yaound6, Cameroon. 

Plant Height (m) Stem Diameter (cm)With Without With. WithoutMaize Maize Average Maize Maize Average 
8.1 10.7 9.4 8.2 12.5 10.4 
6.1 7.9 7.0 7.4 9.9 7.35.5 7.4 6.4 5.1 6.9 6.0 
5.9 6.6 6.3 4.5 6.3 5.4 
5.3 5.6 5.4 3.9 4.8 5.45.1 5.6 5.4 5.6 6.2 6.14.7 5.8 5.2 4.7 6.5 5.54.4 5.3 4.9 4.8 6.2 5.5 
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tour mull ipurpose trees conbined with di flerenI 
levels t fertilizer. Leucav h'w, lephala, Gi-
icidia wpium. Callianhl calth \'r.ivi.a nd(1 

Ac acia atw'ril/',ifiwi were all established from 
seedlins and NPK 20:10:10 wls pplietd t 
rites o 0. 30 or 60 kL/ha. The trees were cut 
four t e'e;Iyear. at the beinnin a IdLen( of 
each crOppine selsonaiid nai/e ailtngraundnut 

ere inlterplanCd dluring the firstcropping sea-
soil of 1990. 

Iledlrow establislnent %%iasgoo(d fr all 
species. "to years ;alIlter planting. totat liar-
vcstel teal',bionas,, N'ields weIre 3.39 t/ha dry 
%I)for leucaetna. 3.17 t/ha (dry wt) for cal lInitra. and 2.635 t/hai (dry' wt) for i"jiricidia. Tis 

(tsno!include leat and litter tatihic hisaDuboscia macrocarpa 2.3(IOCS 1101 iICIluduC ICIat" littr w'l,\hich ei m 4.1;.ill cl,illcdi 


he considerable,. The acacia could not withstInd 
c.utlilhln at tihe becinning of the dry season 111(1 
,aillV species nigt SCI'L Itrecs died. but tIllis e useflul 
ul(ic' i.i Cutting rgl'inle.less 'l'tLLuetIll 

Tihe application of fertilizer alone at a raite of 
30) k/hla iiicreased nllaize grain yields by' 3614 
coiipared With tile treat-no-Inulch/no-lertilizer 
Ient ('tible 30). Fertilizer application it60( 
kg/aii increased yields b'571/. Tile application 
'InIIICI1 a.Itolleincreised yields b' 8 6 14 for 

callian(rai and licacia. 57/ for lltciiena and 
361,1 tor gliricidia. Maize gniain yielids with both 
muclCh and fert iIi/.er were 30 to 601/ higher thIIan 
yields witi fertilizer alolle. 

BY' conitras. groUnd(nuit yields were highest 
with 10 Iled(gLeR s and no0 nlulch. C0omlpetitiol 
trom he(dgerows severely inhibited groUlindni.i 
irowtlh, arid llulch application was difficUlt as 

the low. spreading plints t'ornpletely covered 
the grouli~l. lhese results cast doubts on the 
potential of heL gerow intercropping to enliince 
rO~llnllIUl prodICtlon in tile: 
regiJonl. 


A third heldgerow-intercropping trial was inl-
iliated in 1988 onlsix flarns neiar Yaouiidl. Tile 
ob*jective was :o lssess the tertilizer require-
nerts ot'iniproved nlaiZe under he(lgerow inter-
cropping. Maize was interplatnted with three 
hedgerow species. lLe1'nah'aCv'CpThhl. (/i-
ricidia.''piloman(1 Ca ja., cait/I (pigeollpea). 
with the addition o1'NPK 20(l:0: 1(1 alrites of'0, 
30 oir 60 kg/ha. 

So tar, results have beeti inconsistent, prob- 
ably ctue to variations in marnagerment lactors 
such as the timing of weeding, cutting and 

Plant Stem 
Height Diameter 

Species (M) (cm) 

Acac'a mangium 5.7 5.8 
Cal/andra 5.1 4.0 
calothyrsus 

Acacia 4.9 4.9 
aurculiformis 
ari lfri s
 

Paraserianthes 4.8 4.9 
falcataria 

Cassias2amea 3.9 4.7 
Leucaena 2.8 2.2leucocephala 

. .
 
Gliricidiasep/ur 1.7 2.5
 
Dialum guinense 1.0 2.1 

Table 29. Average height and stem diameter
 
at 50 cm above ground of 9 multipurpose
 

trees, 18 months after planting
 
at Sangmelima, Cameroon.
 

mu1Lllch applicItion. However. the applictiion of 
m ulch anid tcrtilizer together d(id inprove crop 
yields. [-our Ine\'t'arlners .joined ilepro,ect in 
1990. alld Same of tiletparl ici panlts. observing 
improvements inltheir experinental plols, asked 
tor addlional pigeonpea seed to plant helge
rows elsewhere nii their trinis. 

Three other heiero\-intercroppiig experi
ients have beetn establisheld, btllare too lew, to 

yield results. One trial, initiated at Yaoundc itn 
1989. comipares tile of the sialidardefficiency 
hedgerow-iitercropping arrangemient (4-ni A
levs btveen single rows l'trees) with alternii
tive arraingements based ain groupilng ilgIiteges 
together in blocks. 

The seconId Iewly estiablished study. in progress 
at Eholowa and Yaaun0llldc. ails to devTlop coll
stan1 foriu'n1!.liae forestimating tree biornass. Cur
rent nethods ot biomass issessment. involving 
matIual setparaion t the ViriOuS plant c0tnipo
nents an( direct weighing. are extremely te
dious anid expensive. The (bjective of this work 
is to (lerive estinziates oi above-ground hiaImaISS 
rom simple mieasurenents of sterin ulianeler 

alnd number o branches. 
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Species Providing Mulch 

Calfiandra calothyrsus 
Acacia auriculifnrmis 
Leucaena leucocephala 
Gliricidiasepium 
Control (no trees) 

Average 

ICRAF Annual Report 1990 LII 

Fertilizer Application (kg N/ha)

0 30 60 Average
 

2.6 3.1 3.2 3.0 
2.6 2.8 3.0 2.8 
2.2 2.5 2.7 2.5 
1.9 2.9 3.1 2.6 
1.4 1.9 2.2 1.9 

2.6 2.6 2.9 -

Table 30. Maize grain yields (t/ha dry wt) from a hedgerow-intercropping experiment with and
without fertilizer, 2 years after establishment at Yaound6, Cameroon. 

Experience suggests that hedgerows given ade-
quate time to establish before cutting produce
larger biomass in tie long tern than hedgerows 
cut one or two seasons after establishment, 
Thus, atrial was established at Ebolowa in 1990 
to identifIy the best time for initial cutting of 
Callialh'a ualothrsus,Glirichidiasefium. Let-

e'l/a leut'pelhala and Paraseriandles Jill-
a' aia. 

Improved fallows 
A simple improved-fallow experiment was es-
tablished in 1989 at Yaound, aimed at evalua-
ting the effects of one-year, two-year and 
three-year fallows on crop yields and soil 
properties. Five multipurpose shrubs are being
tested-Ca, jans cajan, Desnitdiunm distortum, 
Dexmd(iuiti discolor, Crotalariaanagyroides 
and PIterariaphaseohldes-plus various corn-
binations. 

After one year. leafy biomass yields were 
small for all species. Desmodiumn produced the 
largest above-ground biomass, followed by cro-
talaria. pigeonpea and natural fallow, Improve-
ments in maize yields after one-year's fallow 
ranged from 15 to 100c/. with the best yields
from plots that had been under crotalaria (Table
31 ). Interestingly, although this species did not 
produce the greatest biomass. it did produce the 
largest and most IlUnerous nitrogen-fixing root 
nodules Groundnut yields also appeared to
benefit from one years' improved fallow. This 
crop gave the highest yields following a fallow 
of pigeonpea. 

=1761 

A parallel experiment was set up at the same 
lime on farmers' fields. CaJanits ca.an, Crota
/aria anagvroides and Desmdium disorluin 
were planted as one-year fallows in 1989, and 
maize and groundnut were plantcd as test crops
in 1990. Yields were higherafter improved fal
lows than after natural fallow, but there were no 
significant differences associated with particu
lar fallow species. 

An on-station experiment started in 1990 at 
Ebolowa to evaluate the effects on crop yields
and soil properties of short improved fallows 
under intensive cropping regimes. One- and 
two-season fallows will be followed byone, two 
or three seasons of crops. Fallow species will be 
Cajanus cajan and Desnodium distotiun, plus
two local leguminous plants, Mimosa sp. and 
Mucuna sp. 

Three experiments at Yaound6 focused oil dif
ferent aspects of managing improved fallows 
within the traditional farming system. An on
farmn trial was conducted in 1990 to determine 
whether multipurpose trees could be established 
from seed immediately after the maize and 
groundnut harvest, when cassava plants were 
about I in high. The secd germinated well, but 
seedlings were shaded out by the cassava and by 
Etupaloriut weed. 

This result underlined the urgency of identif
ying an effective establishment method for in
proved fallows. Thus, asecond experiment was 

/ 
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initiated t1 stat ion to test the eslablishment of'
 
pigeonpea at dhlferent points in the cropping 

tNycle. 'Fle ohjective is to identify the best 

lossible planting time to ensure establishment, 

minimize laboLlr requirements and obtain good
 
yields fromn suhseqluent crops. 


Another on-stat ilo experiment concentrates on 
identifving the best method ol'managing fallow 
residues. 'hree techniques are compared: burn-
inog. incorporatlin fallow material in the soil 
(green manuring), and mulching. 

Rotational hedgerow intercropping 
with livestock 
An experiment started tip in YaOtundI in I98 to 
assess a rotational hedgerow-intercropping sys
ten1 with a livestock component. This work 
involves tile Camieroon Governnent's Institut 
le recherches zootechniques (IRZ). ICRAF 
si enedt a nemnorandun of agreenent with this 
additional research partner in 1990. 

ihe experiment tests the effects ofL'cm'aen 
hen ' luda and (liricidia .. pimn inter-
cropped with maize or groUlldnilt for two years 
and left as fallow for two years. During the 
fallow period. sheep are allowed to browse tile 
liedgerows antd their Maliure is returned to the 
plot. Early results fr-) the intercropping phase 
confirnLed the results of other hedgerow-inter-
cropping experiments: leucaena produced a 
larger biomass than gliricidia: maize yields 
were better under intercropping than in pure 
stands. but did not differ signif:L intly with dit'-
ferent hedgerow species; groundnut yields were 
better in pure stands. Sheep were introduced on 
the f'aikw plots in June 1990. 

Training and institution building 
One major objective of ICRAF's collaborative 
project in Cameroon is to improve the institu-
tional basis for agroforestry research through 
training courses and workshops. training pro-
grannles for young researchers, and close col-
laboration with national scientists. Ia 1990, 
three final-year undergraduates from the 
IJniversity Centre of' Dschang. one Ph.D. stu-
dent from the University of Yaount6, and one 
Cameroonian undergraduate f'rom the Univer-
sity of' Moncton in Canada conducted research 
under tie project. 

Maize Groundnut 
Grain Yield Grain Yield 

Fallow Species (t DM/ha) (kg DM/ha) 

Crotalariaanagyroides 2.6 721 
Desmodium discolor 2.2 864 
Pueraria phaseoloides 1.9 588 
Desmodium distortum 1.8 730 
Cajanuscajan 1.5 972 
Natural fallow 1.3 566 

I 

Table 31. Maize and groundnut grain
 
yields after a one-year fallow
 

at Yaound6, Cameroon.
 

The project also sponsored one M.Sc. stu
dent at tile University of Ibadan in Nigeria. Five 
national scientists were assigned to the project. 
including two who had carried out agrolorestry 
research earlier as students fron the University 
Centre of' Dschang. 

In August. the project coordinated a series of 
agroforestry research planning mleetings. These 
involved] national institutions and progranmmes 
responsible for research on soils, livestock, 
forestry, fruit crops and cocoa. 

Finally. ICRAF's new research activities at 
Eholowa will be featured in the Cameroon Gov
ernment's National Agropastoral Show. This 
event was originally planned for the end of' 
1990. but it is now scheduled to take place in 
1991. 

Ghana 

In 1989, ICRAF initiated a collaborative agro
forestry research and training project with the 
Institute of' Renewable Natural Resources 
(IRNR) of the University of Science and Tech
nology in Kumasi. Ghana. Other participants in 
th,. project are the Ministry of Agriculture. the 
Council of Scientif'ic and Industrial Research. 
the Forest Products Research Institute. and 
other departments of the University of' Science 
and Technology. Funding isprovided by IDRC. 

The project began wil amacro D&D survey 
to assess agrol'orestry neeJs and potentials in the 
humid zone of' southern Ghana. This region 
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aCColts fbr 4('),+ ol the total area i the CoLIitry
and 51; o1' the population. It has a low- lying.
.geniiiduLI al i ig Iopig raply aiild allnual rain-

Itll avera I(ne1(() mi or Vege at ionmore. 
consists of ilhick raili Iorest, x,tiich opelis tip to 
slyiilill t(owards tie nortII. The soil.s are forest 
ox\sols and ochrosols. which lend to be well
weathered. (feel) and acidic. 

Farmers raise tree cro1ps Ihr cash. Iood crops
aind a Ilew livestock. Tree crops iclude rubber 
antd coicoiiut inl the high rain loirest. cocoa and 
CoIItee in Ihtie selii-dcciLtiots ra i I'irest, and oil 
patiii and citrus IIroutighout most o, tihe zone. 
FoiodRI crops are produced onismall plots under 
rotalional I'allow or inlercropped with trees tur-
ing the first years of tree establ istinienl. The 
rItalioilla systeln for food crops generally con-
sists of t o to i ve v'ears ot' cr(opping ftollowed 
byIlree ito eight years of faillw. 

The inost importanl coisira iits on agricltltu-
ral protticlio are l\ soil ferlilily and soil 
eros oi. tack ol'approlrilte tecinologies to ill-
prove yields. and sicio-eciomic problems in-
Cl Ctadblloialr bottlenecks and poor access to 
Iiarkets. Crop yields are repored tio le declin-
ing. largely (le to a reduction in tile faillow 
period. 

Research planning 
Tie surve teaimi idenified six laid-use systems 
in [he /one and prOiposed appropri ate agrol'ore-
slrx intervenlions foIr each. A micro D& D study 
was initiated in I990). locusine oil the two most 
illpirtanl laud-use systems. In both. fariiers 
raise oil paliii. cOcoa and I'tood crops. btilI ill oiie 
tiev empiasie oil palm and iii the otler the 
elipliasis is of) cicoa. 

Analysis oflhese systems includes the ihree 
liatjor crop-productiol actix'ilies plus iolie-
ga.dells anld livestock colponents. Tile goal is 
t(i assess tlte potentlitl coitribub ion(1L agrol'ore-
strv aiid to ltii late a research programme to 
desigil anmd agrol'orestrv techlinologies fortest 
iiltrotlcltion tio tarners. The D&ID exercise will 
be co ipleled in early 1991. 

Training and institution building 
Ii Septemblber 1)9(0 ICRAF helped organize a 
Iwo-xee. Irinilig for re-course 15 Ghiaiiaii 

searchers a.i edticators. Sessiois covered agro
toreStrv concepts and technologies, (he D&D 
illelhodology. OII-stati oI' :11d ol-firmn research 
methods. evalation tectiiq ues, and manage
riient 01fhedgerow-iiitercroppilg Systems. In ad
dition. tile course included a two-davt fieh.d 
exercise. 

ICRAF stafl" have contributed to tile dievel
,pimen of* the postgraduate diploma course in 
agrol'orestr, olered by tile University of* 
Science and Tectinology. TIiis support has in
cluded advice on updating' the course ctlrricui
tlnl. provision (it resource materials, and 

training fior six facully members at ICRAF 
theadquarters. ICRAF is now tielping with tihe 
design ofan M.Sc. programnie in agrolorestry. 

tiich will be introduced by tile University in 
the 1990/91 academic 'ear. 

The first Ghana National Agroforestry 
Workshop. ield iniSeptember. brougi together 
more than 60 parlicipals from across the 
country. The workshop provided a forum for 
discussion a;iong policy makers, planners, ex
tension stall, researchers, educationists and 
stall of 1on-governmental organizations. The 
participants reviewed current activities and
 
identified Ititure priorities for agrol'orestry pro

liegramsiinGiana.
The Government oGllana's comnlitnlelt to 

ag rolorestry is reflected iii the expansion oLthe
 
institutiotal I'raniework for agrol'orestry re
search. education anid extension activities. Ii
 
1990. this inctlIded:
 
* 	 Creation of all Agroforestry Unit in the Miil

istry of Agriculture to implement a National 
Agroforestry Programtie 

* 	 Establisnienit of a National Agrolorestry 
Committee to advise oi policy issues and to 
coordilate agroforestry activities of both 
governmnlenlt anid riLn-goertllllental orgailiz
atilins 

e 	 Introductio11of undergraduale and postgrad-
Liate agroforestry courses at tile University of 

Science and Teclinology in Kutmasi 
e Ipleiientation. wilh ICRAF, of tihe Ghana 

Agrolorestry Svstems Research and Education Project. aimed at exlending agroforestry 
to farmiers and strengthiening agroLforestry 
education and training. 
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Semi-arid Lowlands of West Africa
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The AFRENA programme in the Semi-arid Tur-A Regional Coordinator was appoinied 
Lowlands olWeslt Africa (SALWA)was laun- ing tie year,based inBurkina Faso. Funding for 
ched inJanuary 1989 wioh heesUablishment of the SALWA p systm of ropvided by the 
National Steering Committees and task forces International Fund for Agricultural Develop
ipntilefour participating countries-eBrkina mentoiFAD)and CIDA.
Faso. Mali. Niger and Senegal. In addition to Activities in 1990I focused oin developing 

national ministries and research institutes, re- agroforestry research programmes for one 
ponal and international organizations partici. priority ind-use system ineach of tie four
pating in tile programme include tile institut da participating countries. These tire: 

Sahel.the Consultative Advisory Commitice on i Burkina Faso: Agrosilvopastoral system of
Semi-arid Food Grain Research and Develop- tile northern sudanian zone 
inent of' tile Organization of' African Unit), eMali: 'Parkland" system of croplands with 
(OAU/SAFGRAD). ICRISAT's Sahelian scattered trees 

Centre and ICRAF. a Niger: Niger River valley system 
A Regioal Steering Committee was estah- Senegal: groundnut basin system. 7

lished in December 1989, comprising the chair- Rainfed agriculture with mixed cropping is 
persons of the four National Steering tile dominant hand-use pattern in all fourofthese 
Committees plus representatives of tile partici- systems. Millet and sorghum are tile staple food 
paling international and regional organizations. crops, arid livestock production also plays an 
The Regional Steering Committee miet twice in important role. In addition, farmers in Niger 
1990. in Niamey, Niger, and in Dakar, Senegal. grow rice under irrigation near tile Niger River. 
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In the traditionalhome gardens of Bangladesh,cultivation is intense but the variety of plants

and trees growing togethersustains the fertility of the soil. ICRAF is involved
 

in a collaborative project in Bangladesh thatincludes information
 
and documentation,researchplanning,and trainingcomponents.
 

Work iii 1990) began with ii two-week train- Pairticipants dJiscussedf how to condluct dIiagnos
ing couirsewa1CRAF h~eadquarterIIs 10 fatmiliairize tiC surveys andl develop) ippropriate agrofore
members of' the national task force, with (Ile slrv research programines for the selectedI 
micro l)&[) netholofcgy\ dIevelop~ed at ICRAF. landW-use systems. 
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=i Semi-arid Lowlands of West Africa [7] 

They went back to conduct field surveys in 
February and March. These involved interviews 
with individual farmers and groups of farmers 
on issues related to crop and animal production 
pills tree use and Imallnagelen1t. Farmers were 
also asked to comment on potential agrol'orestry 
technologies proposed for their areas. 

InI May. coordinators of the national tasks 
forces caine to ICRAF headquarters to complete 
tle analy'sis of their survey data and to prepare 
agroforestry research progranines, including 
descriptions of the priority' land-use systems. 
identitication of problens and constraints, rec-
oinendations for appropriate agroforestry 
tecIi nolog ies. and agenda for research. 

The D&D studies led to the identification of 
several problems experienced by farmers in the 
region. The iost serious were shortages ofu'IIel-
wood and dry-season fodder. soil erosion 
caused by wind and water, poor soil fertility, 
and daiiage to crops by free-ranging livestock. 

Agroforestry technologies were listed that 
could help address these problems. These in-
chided windbreaks. trees on erosion-control 
structures, trees on field and farm boundaries, 
hedgerow intercropping. trees in croplands and 
rangelands. and fodder banks, 

The Institut national de recherches agron- 
onliques du Niger (INRAN) joined ICRAF in 
June to sponsor a research planning workshop 
in Niamey. The objectives were: 
* 	 To present and discuss tile results of the 

micro D&D exercises and proposed agro-
tIorestry research programmes 

" 	 To identify priority activities for the rest of 
1990 and for 1991 

" To identifby sites for nurseries and field ex-
perimenis, as well as site-characterization 
requirements 

" To share information on seed sources, 
Hon. Souna Adamou,. Niger's Minister for 

Agriculture and Livestock. opened the work-
shop. The participation of several cabinet rin-
isters and ambassadors was evidence of a high 
level of commitment to agroforestry as an ap-
proach for sustainable development. 

Later in the year, scientists trom ICRAIF 
worked with colleagues in each il the national 
task forces to produce a draft programme of 
work and research protocols. These were 
presented in December at I regional leeling in 
Dakar. Senegal. organized jointly by ICRAF 
and tile InstitUt s6n1galais (Ie recherches agri
coles (ISRA). One outcome of this meeting was 
the development ol'a programme of work lor the 
four participating countries in tile area oflinfor

llation and doCullentation. 
The Dakar meeting included intensive dis

cussiotIs on the proposed experimental proto
cols. which led to agreement on tile following 
trials, to be initiated in 199 1: 

InI Burkina Faso. nixed intercropping with 
trees for soil-fertility improvement and in
creased crop production: screening aid mian
agemnent trials for living fences that also help 
control soil erosion 

a 	 In Mali, management of' Gliricidia sepium. 
Leit'aena h'u cocephala. Pterocurlm s erina
ceus and Pterocarlishcens for intensive 
todder production: management of Acacia 
species for living fences: species screening 
for use as mulch: studies of the 'parkland' 
system 
in Niger. impact of tree and herbaceous 
species combined with erosion-control struc
tures on crop yields and conservation of dune 
soils: screening of tree species for wind
breaks in irrigation schemes: management of 
Prosopisjuhilora living fences 

* 	 In Senegal. establishment of living fences of 
single or multiple species: establishment of 
windbreaks of single or Multiple species atid 
their impact on soil characteristics and crop 
yields: specie; screening for hedgerow inter
cropping; study ot the physical environment 
and tree survey in the Keur Magueye area. 
ICRAF and ICRISAT also signed arn agree

nent in 1990 to begini a special research project 
in the SALWA region. aimed at improving se
lected multipurpose trees. An ICRAF scientist 
will conduct this work based at ICRISAT's 
Sahielian Centre in Niger. 
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Alley Farming Network for Tropical Africa
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AFNETA is coordinating alley-farming (hec'gerow-intercropping)experiments in 20 African 
countries This experiment is testing Lecuaena leucocephala with cowpea. 

AFNI..\ the Alle '01k laro,.'Cl 
rolical A.1.i cillne into hill operatlion ill ill tile hmidl. subiid. semi-arid aId hich-

Iebrtil,, I)X8 k ilh the c,,ablishiient of 

li! NINet. fllrl II fuldii.,. Trials have been initiated 

t Co- lands /oines ol 20 cotnlril s--Benin, l'nurkii 
Olination (niliiill IhaMan. Nierii. at IrlA Laso. ('ameroon. ('6te ,voire. Flhiopia.
hietdqirters. 'lhe net\oork is sl)onsored by (iana. (huineai. Ken,. . liheria. Nialawi. Mali. 
liT..\. II( '.\ and(I'R.\F. Ni. eria. Rwanlda. Seneual. Sierra l eole, Tall

\"N IA'\'" er'l Iobject .icciC I p,-toi~ote /.llia. lo). Zaire and Zallhi.i. 
research On ille, lr-rii. l"h lerov, intel-olur I:Xi.\prilmelltS il counlrieS areheSe tI.rotiped 
cn ippin..'" a, oli i in tropical in I'Mlr broad areas:h tt onslulJn 
Africa.to d,x\ lop+andl test lle\-fariine,,s,,- 0 Multiulmrlpose-tree screenine 
leIns across d \ ers , el'l ilolillnllls. illnd to elI- * Allev-farlnlelllnanaemenllitll 
C(nll'.l2 c O)Cratiol in ille.-laiiin 2 si,,arch a Livestock integration ill tile\ farnin 

,thll llld bl , c'll Contries. J:nildinle is p)ro- q On-ila.I111 resLarch alld 5-0cim-ConllIjc 
ieled h\ IFAI). 'AI) ;anld 1l)lW. assessellnt. 

Milltil)urpse-trce screning trials alre in pro
ress at 28 sites. co, erin . niore than 4(10spcies.

Collaborative research activities M'Ianuenient trials Inavc been es,,taiished at 32 
sites, invest zigating fctlors stcl.h is spacinlg.

In I9l). IC'RAF he.lped reviev linolsals lfOr pruningltrequenc\. contrilt ionl of' hedeerow7,' 
lll. -Ia iiie reseU:i'c h Ir i.,cts, submitted Ibx JlLliillg mto soil f*erlility. I'rtilier Ilse alld inlte

1itinniia inlilitions. Ihese %%ere revised and !ratiot ofl s. Trials fusil spcilically 
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I W Alley Farming Network for Tropical Africa I 

oi livestock arc in piIvoress at six sites, aind 
liv.Cstock ale aIIsO inI dedn ill ait111ber ofIlman-
a.ceilient trials. ()n-l -iro research has heel in-
ialtied at IX sites. As the network matures, the 
propoortion of on-l'arI trials iiivols' inc larier 
partiuipatioln iseXpeCled to increase. 

The AI:NIEIA coordinators are ellc lliacl, 
iiatiolill irsr'llch inllslitultes to lli. illllncile nt 
aind e ahll th"teicliviies ill close collhiora-
ion %%ilheach other. \in inillorlall aSpCct ollhis 
aprlacl i as hee i tile pire lparalilln of stalird 
I'e sea ri cIi(dclinC s so thilt iCsults fioul di' Heel'it'C 
sites call he u lilll1i iedail 1)aplied to a wider 
aWea., 

Mlinimluiii stanldardls have been set l'r tlhe 
cliharlc t aCchli/ation of research ,site--incIIud-
ic iilornlat ion on cliliale. veetatioii. soilsand 
Crol)iilg siicins. Standlarli;d research de-
siculls. (1lata-Colllectlolvloce(dires and sllislicall 
ail;l\ sk, tI'chili(iLies have aIso Ihee ii lli'odiicCd. 
'iiall\. the coordinlltors have idliiilied re-

rI pasiii,,ional soi rces OI 111lipu rploSe-rCCt Ue'e 
1)1,1lii 

Ivsis and other sc.i entilic services. 
aidltl nres Illat Catll pritw jde soil and ala-

Training and institutional 
building 

11'research is to he l'a hiiI stalldarld and'restills 
Colllparabe lcoSS sites, then trahlill and coil
nluni icati li ave ail in01 irtail11ole wiilhl tilie 
network. lie C'oordlilat lioi Unit p LIIishus a 
iet,V ork newslelter ANI"NV7N. awil has pie
palred alllherali ol teclllnicial loc'illc.elits to pro-
Vide illlrriatioi to collahoratin ililStittiOlilS. 

Ili MaichI 199). ,\I-:TIA sl iolsorel :ithrlee
week "trililthe tlrainelS' coui'sC 1'or sciCIisls. 
extelisionists aid trailiig clecialists ksorking ii 
Iatioillal aclIcultural research s\'s;ynis. 'he 
cOliirse is decSCrihd in tlie Larii inc aid iduca
tion Section ol this rel)olt. 

Inaugural meeting of the Alley Farming Network for Tropical Africa (AFNETA), 
held at IITA headquarters in!badan.Nigeria. in August 1989. 

r
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When ICFAF and Bangladeshi scientists conducted a micro D&D study at Mouchak.
 
farmers in the area showed the team several agroforestry technologies already


In use. including boundary plantings of Leucaena leucocephala.
 

Bangladesh 

( RA..\F Ianichcd acolklorative iro .jectinl I3,ai-
1liade l ill ilhl)the BanlldehI [Ilerichu-
:ml Res,.ici Council t1! Ri and the Naional 
th\rF1' C \io 0,-kilet (rnLII). The IprojcCt IdS 
IhC Coll~llllsl,: r,,ecar"l pIfl iling. tailinlg. 
aM iilfhrraion aiid doii'netl tti on. [umliidiili is 
pils i(ied h\ tIle Ird 1:0uititlL11ion. 

Research planning 
(O'lihl)oitioilin ie irTIh a tes 1pi-plninrlill 
liatils to micro )&I) sudistIhat pro\ ide in11o0r-
iilll 1or t'ilile IrlltlC rc h and 

deCloplnill Iriorilics. In .aI'rCh I 90, 2 
I(I,.\F staff inier' .oinCd a mnuliidisCilli-
liar\ teaill ofI I I iliat ioil scientists tl coll(Iuct a 
micrll l)l) in \lclchak. Kialiaair. in l)haka 
)i isionl. 

Tile sud area is ;I llosaic of, irrigated rice 
fields alnd atchCs fhihr ,ro llid..Sie oll 
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hieher .rolllnd isocCIIl)ied by hng-s andin set 
tied I'arluers. %% thelest. ovned by tle [oresthil 
)epartment. was 'irlierly covered wilh .Shol 

rnhu.it. l'hI trees have nearly all been cut il
la ,l.and landles Iamilies have started build

il0 s11all I lLs¢e, on the bare grouid and 
lflitling, some Irees aid f(ood Cro ,. 

ihe irest D llIartient has iccepted this eIl
crlOacillnet. but sants the f'.arers to ilant trees 
f'or libCrand pole prOdu(ICtioli a101. syithi their 
crops. The henefits would be shaied heween 
the I'arrnlsi and Ile departMilient. Tie deIlartlnnl 
has CstabiSledI a tree nu.rsery al( wants Ie 

iiti'ers to begin trees h'rieht a' a' , so 
Ih &l) exercise had !o h e gearedi towar(lds 

geellratill deeiollment and itenst i recoii

tiiClndalinO . ralhrI hain jiust llans I'r researc'h. 
Individual anI gropIi) illCrsiesw ith land

less I'alrmers led to tlile ideliil'icatiolloff fod atid 
cash is I arimn.i I'llosved h\, shielter.concerns. 
I'lel. saviles anditilvlestment ptl'iuiiies,. an11d 
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fodder for livestock. The leam also learned that 
the settled farners have already developed 
home gardens, boundary plantingl,. and produc-
tion of shade-tolerant crops tnder trees-agro-
forestry systlems that Could be introduced to the 
recent settlers. 

After discussion. the team proposed six ag-
rof'Orestry technologies to help meet the needs 
of [he landless families: multi-species, multi-
strata home !ardens: rows of' trees in cropland 
for pole and food production: hedgerow inter-
cropping for fodder and food production: wood-
lIts: boundary pl:nting with fruit trees: and 
nulberry trees for silk production. These tech-
noloiJes were discussed with the farmers and 
then the economic aspects were assessed in 
more detail. Two of tileteail memhers from 
BanUladesI came to ICRAF headquarters for 
furthcr ,ontiltations. followed by preparation 
ofra project document. 

Because of the Forest Department's sche-
dolC, at least sorae aeroforestry interventions 
will be introduced to farmers right away. These 
%ili possibly require readjustmlent later on, de-
pending on result, from on-statio.. arid on-farm 
research. A second micro D&D will be con-
duled in 1991 in the Barind Tract area. 

Training 
ICRAF helped conduct a three-week training 
course at the headquarters of the Bangladesh 
Aoricultural Research Institute (PARI) inJoy-
debpur. Giazipur. for 31 participants. This i,,tiv-
ity is described in the Training vind Education 
.section of this report. 

In addition, three Bangladeshi scientists par-
ticipaled in the IWO tCourse on agroforestry 
research for development at ICRAF headquar-
ters in Nairobi. One additional scientist will 
conic to ICRAF for the same course in 1991, 
bringing the total number of Bangladeshi scicn-
lists trained in ICRAF's D&D methodology to 
42. This is the Iirgest number for any single 
country. 

Information and documentation 
Ill 1990. a docurMentalist from BARC's Agri-
cultural Information Centre came to ICRA Ffor 
training. On her retin. she produced tilefirst 
annotated bibliograplh on agroforestry in Bal-
gladesh. which will be widely distributed, 

India 

India has one oftileoldest national agroforestry 
research programmes in the world and was tile 
first country to create a national institute for 
agioborestry. the National Research Centre for 
Agrolorestry at Jhansi in Uttar Pradesh. The 
national agroforestry research network includes 
more than 31 institutions, headed by the All-
India Coordinated Research Project on Agro
forestry of the Indian Council of Agricultural 
Research (ICAR). 

ICRAF staff members have participated in 
several D&D studies in India. The most recent, 
in 1990. was a micro D&D focusing on the 
land-use systems around Jhansi. ICRAF has 
also provided training and information to awide 
range of research and education institutions in 
India and will ontInie to promote collaboration 
anidl provide scientific support. especiall,to 
through the National Research Centre for Agro
forestry. 

In January 1990, ICRAF took part inthe 
Fourth All-India Biennial Workshop on Agro
forestry. organized by ICAR and Gujarat Agri
cultural University it Navsari. The ma.ior 
sessions included: 
I. Review of rescarch progress. including
 

D&D studies, the collection and evaluation
 
of multipurpose-tree germplasm and agro
forestry management trials, in five agro
ecological zones.
 

2. Di'ussion of several high-priority topics, 
such as tilestrengths and weaknesses of ag
rolorestry research coordination, the role 
of econotiic evaluation inthe research pro
cess, types of experiments, and intercrop
ping systems involving trees with root 
crops. 

3. Consideration of the current objectives of 
the All-India Coordinated Research Project 
in Agroforestry and recommendations for 
future activities. 
ICRAF provide; regular support to several 

national institutions in India. primarily in the 
form of publications and assistance with do
cumentation. To build up India's capacity to 
store and disseminate information on agrofore
stry. ICRAF has provided a computer, printer 
and appropriate software to the national centre 
at ihianisi. 
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Training and Education
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PartIcipants in ICRAFs introductory course on agroforestry research for development discuss 
the posters they have prepared on agroforestry activities in their '7ome countries. 

IH,.':,,us irrestrya ne_,sciejnClce. there arei,, 

le%% tlained agroforesier, or speciali,,s, in olher 
h'ihM, v iiha ,outnd kno,%lclge of awroforestry 
l inclfpl1 and 'his lack of Irai nede praclice. 
psIt InneI hias been In a;ir Contilsrint ni rl' 
Iolor~\c,,t the natinnal level.t raillnie,, ai For 
1i11reinlll. l(RAI:Fplacea special emlhasi, oil 
aftt rr> iraini.t ;and ica tinn. alledan with 
acto+ it_,, i ch)f.s wiihcon'uted cntperation 
i!;ioIial p~rograinlnes alnd wilh ICRAI-'S o\,n 

research .ork. 
To elslre etler coorlination of i rane\e 


of traini,, actickiiie,, in Africa. ICRAF or-
1mi/ ed a %\orksIopr in I99). together with IITA 

iii rnat innl ajricuItura] research organization
s workin.y in Afrca. 

One inpoirtant nobicti ,eof ICRAFs trin.1 
and ed tication prograinlnii, is 1topr'ovide Sulport 
itn ongoing enIIb iratiC reslaWSabnrcliinprri cila" 
thrnOcgh the AFRENA )rogriainscs. In mldiiion. 
the ) ranmme hais a gloll mandate. ol'erines 
traiiiin ill rnforestry to rccachers anltI-(l
velopmcnt speciahlists Irom all over the world. 

Table 32 Qhw,vs ICRAF's major training and 
euciation ac'tivitiCs in 199). Grotip taini iln
cludC.I both genCral and specialized co'urSe. 
woork,,hops and field trip,. At the hm.Iivid.hal 
level. ICRAF offered f'eII\Vsips in gradtell

si\fica1n Rice Ic)eandllllleWe I e I pmn i sn,,,- ,ttlidCllts and inter ship to so ppirInt itl IIiplr
ciaiion iW..\RI). ).in di,cuss e.acl cenlre', cLr- ticipitation in the research iprogramme. lidtcition 
rell acti\ itis anI I'uturC plan,. lhe w\orkshop. actiVitiCS fcisCd On the development of tit
held in Nxemiher al ICRAF heidatierls. I'orestry curricula.aie dil omail.ltln,certificatC anld 
biouli tog,,tlll poeciali"t IFro I() I ,iit uate levels.e traininic 0 
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Venue anJ Duration Participants 

Kenya-3 weeks 40 

Kenya-4 weeks 12 

Nigeria-2 weeks 20 
Kenya-2 weeks 22 
Ghana-2 weeks 25 

Malawi-1 0 days 20 
Niger-4 days 46 
Senegal-6 days 35 
Burundi-5 days 30 
Kenya-4 days 13 
Ghana-4 days 12 
Kenya-10 days 31 

ICRAF/Machakos-3 months 1 
ICRAF/Maseno--3 months 1 
Cameroon-3 months 4 
ICRAF/H---2 weeks 1 
ICRAF/H--2 wecks 1 

Canada-2.5 years 1 
USA-2.5 years 5 
Nigeria-2 years 1 
Cameroon-3 years 1 

Malawi-2 days 20 
Kenya-8 days 7 
Kenya-6 days 8 
Kenya-1 day 10 
Kenya-1 day 5 
ICRAF/HQ-1 month 1 
ICRAF/HQ-2 months 1 
ICRAF/HQ-2 weeks 1 
ICRAF/HQ-1 month 1 

Activity and Programme 

Training courses 

Global 

AFRENA programmes 

AFNETA programmes 
ACRENA/SALWA 
AFRENA/Ghana 

Workshops 

Southern Africa 
SALWA 
SALWA 
Eastern and Centrai Africa 
Agroforestry education 
Agroforestry education 
Agroforestry education 

Iniernships 

Southern Africa 
Southern Africa 

Humid West Africa 

Bang!adesh 

Kenya/CARE 


Fellowships 

Soutinern Africa 

Southern Africa 

Humid West Africa 

Humid West Africa 


Study tours and special programmes 

Southern Africa Study tour 
Southern Africa Study tour 
Southern Africa Study tour 
Ghana Study tour 
Thailand Study tour 
CATIE Scientific visit 
Sokoine University Scientific visit 
Uriversity of Idaho Scientific visit 
Moi L'.iversity Scientific visit 

Main Topic 

Agroforestry research 

for development
 

Experimental methods 

and data collection
 

'Train the trainers' 

D&D 
D&D 

Research planning 
qe,,,earch planning 
Experimental design 
Experimental design 
Curriculum development 
Curriculum development 
Curriculum development 

Tree/crop interface 
Germplasm evaluation 
B.Sc. field work 
Docurnentation 
Documentation 

M.Sc. course work 
M.Sc. course work 
M.Sc. course work 
Ph.D. research 

Table 32. ICRAF training and education activities in 1990. 
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Training within the AFRENAs: 

a logical progression 

In collaboration with tile AFRENA pro-
grammes, ICRAF's training activities begin
with coursLs on research planning methods, of*
fered to members of natiual agroforestry task 
forces. As research program.'les reach the ira-
plementation stage, training !*ocLses on ex
perimental methods and techniques for field 
research in agrolorestry, plus support for post-
graduale education, 

For example, the AFRENA programme for 
tie semi-arid lowlands. 'Vest Africa-incld-
ing Burkina Faso. Mali. NiL,er and Senegal-of-
fered a two-week trai!,ing course on the 
methodology for micro D&D studies in Janiary 
and February 1990 at ICRAF headquarters. Par-
ticipants went home to conduct micro D&D 
exercises and came back together in June, in 
Niamey, Niger, for a regional planning work-
shop to discuss their results and to propose
agrolorestry r,search programmes for the four 
participating countries. In December, they met 
again in Dakar. Senegal. fora training workshop 
on experimental design. 

In Southern Africa, training activiuLc in 
1990 included a course on research planning in 
Malawi for scientists collaborating in the 
AFRENA programme, followed by a two-day 
field trip. ICRAF also sponsored two intern-
ships for collaborating scientists to work in 
Kenyafor three months. One came from Zam-
bia to concentrate on tree/crop-interface studies 
at the Machakos field st.iion, and the other 
came from Malawi to work on multipurpose-

tree germplasm evaluation at the Maseno Agro-

forestry Research Centre. 


In addition. ICRAF is sponsoring six grad-
uate students from the region for M.Sc. course 
work inNorth America followed by field re-
seich at the AFRENA sites. Two of these stu-
dents are fromii Malawi. two from Tanzania and 
two from Zambia. 

In September 1990. the AFRENA pro-
gramme for the Humid Lowlands of West Af-
rica offered a tvo-week training course lor 
national collaborating institutions in Ghana. 
The course was planned and implemented
jointly by the University of' Science and Tech-
nology in Kumasi, Ghana, AFNETA and 
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ICRAF. The programme exposed participants 
to agroforestry concepts and approaches, with 
particular emphasis on the D&D methodology
and on alley Iarming (hedgerow intercropping). 

Training within AFNETA:
 
'train the trainers'
 

In March 1990. ILCA. IITA and ICRAF con
ducted a three-week 'train the irainers' course 
tor scientists, extensionists and training special
ists working in national agricultural research 
systems. The objectives were to prepare partici
pants in AFNETA projects to plan ao' conduct 
basic and applied research in alley farmingan:1 
to show them how to train other scientists and 
technicians in the concepts and methodologies 
of alley-farming research. 

The course, conducted in English and 
French, was held at IITA headquarters in Iba
dan. Nigeria. The 20 participants represented
national institutions in Benin, Ghana. Kenya,
Nigeria and Zaire. Three ICRAF staff' members 
helped with tie planning and instruction. The 
couse covered the f'ollowing topics: 
• Methods for screening and selecting multi

purpose trees 
9 Interaction of trees and crops in alley-farm

ing systems 
e Soil management for sustainable agriculture 
e Integration of' livestock into alley-farming 

systems 
e Socio-economic and cultural factors in alley

farming research
 
e On-farm research methods
 
e Experimental design and statistical methods
 

in alley-farming research
 
9 Research plnning
 
* 	 Training methods and communication tech

niques useful for alley-farming research
 
e 	 Planning, organizing and conducting re

gional and in-country training in alley-farm
ing research. 
Course participants went on to conduct their 

own regional training courses in collaboration 
with AFNETA. Regional courses took place
later in the year in Ghana, Benin and Kenya, 
plus a national course in Nigeria. A regional 
course was scheduled to take place in Zaire in 
early 1991. 
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= Training and Education I I 

Agroforestry research 13 feiale pirticipanis. Instruction was or
for development ganizCd infour moldules: 

e Introductioin to agrofforestry-tlie concep-
ICRAF's main training activity for a global Itl a.nld technical backgroiund 
audience is ithree-week introdluctorC course oiln The l)& iethlology* il) 
aiifrofoestry rescar-lich flr development, con- * [ixperinen!il design 
ducted e\'er\, 'ear since 1I983. This course is a Evliion ielhods for agrolorestry. 
intended for researchers, plinners. policy- The course consised(iflecltures, poster pres
niakers antd extlcii liworkers front deeveloping entains by participai ts,group sessions and 
coliltries. The goal is to provide the technical discussions, mceings with ICRAF stal., and 
backgr uIId iliform ati olli CesSa Ivto plain and work in lie ICRA F liirary. In iddition, .itwo

ilplIcentlil soulnd igrofOrestry research. Siniie d;y field exericise allowed par.ircipaniits to con-
I1987. financial support has been provided by dluct i l)&) survey in Kei;.a's EmIbu District 
(lie pl ogrii e for )irect Sipport to Trainilig with i assislance froni lie District AgriLItII rI.ll 
Institutes in Developing Countries (I)SO) ofthe Office and KARl. 
(Government olf'he Netherlands. lin 1990, ICRAF's annual inltrodUtoIry 

In May 1990. 40 participants atlended lhis course Oiligroforestry research for develop
iitroduclory course fromn 26 developing couii- itell coInducLed In 1991. tlewas ini Filiglish. 
tries illAfrica, L-atin Alerici. ind Soutlh and course will be conducled ini French. Because of" 
SoUlitheist Asia. They were selectled from 332 the lirge inlber of applic;ts. th is course will 
iapplicants, a sign of the course's increasing be offered isecond time in1991, oilii bilingual 
popularity. Special emphasis was placed on en- basis, specil'ically for participants with outsihde 
Suring the participatioli of wonlen. resulting in sponsorship. 

Figure 4. Participants' scores on knowledge tests given at the beginning and end of ICRAF's 1990 
training course on field experimental methods and data collection in agroforestry research. 
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Field experimental methods
and data collection 

,\lost lde, technicians involved in agroforestr, 
research pro jectS have heen trained ill one ofl'lhe 
Iratliliomal dlisciplines. hut man\x.do idtohave a 
s'tl' hlack ioLllld iii t ie acemenl0onancoifll-
plex land-lse svlellisor ill the collection. hand
line and NloraCle of data on)all ilie faclors crucial 
to agrol'olestrY e\perillentalion. Thus. in ]989, 
ICRAFl st~ited a nsk courSe for field techni-
cians workinc in acrolflrColrst

Ill 19(). tile second course on field ex-
periiienlal nlthods and data collection in a ro-
flirCstll- rescarich %\asheld at t ie N\|aclliak' '. fiel 
stlion. The course look place over Ifir weeks 
in November and l)ecenher. Participants werc 

eild technicians \vorkinii in the A-RI-N.,A plo-
,rII1it il ('a ion. KenV.. Malawi. 'anta-

nia. l.cantla and Zailbia, pilus f l1natedloir 
h\ It)RC. Il)RC prosv ided l'inancial stpport. 

Witi onl 12 participanlis. the approach wa, 
itl'ornial. eilphasiing practical. hands-on 
se ssions in tlie fic-ld. lisrtCiOl was orca ized 
in three niodulhes. The first covered lie prepara-
niii of ag2roioretr\x field exlp riiers. including 

e\ perinliieital desici and field laVout. use of' 
c(olitir lliies, soil sa iipling. and nietllods ol'tree 
pr ipagation. The second niodule covered tlie 
inipfleientaion and liaitenalinalce ol acrol'ore-
sirx field e\,pe rinienls. includingccalculations of 
plant densil. spacing. use ol fertilier and other 
cliciticaIs. Pla lt us tclilt ities. and tree nian-

agleneut. The third iiodule covered observa-

l1ins. IiiasIlieiits aniid data collection ill 

agrf 'oresr,t,\lpel-irieis. ilicudiiig weather. 

inicrocliiate. soil. (rcs. crops. aniials. pests 

antldiseases. 


There . r also piactical sessionis oii tie use 

f" coliipiters and the imiaintenance if ex-

periuieiital records. Ill addition. one day was
fesi t ed it instlruction alld deiiion.stratioLns on 
iiiycorrliae orcaiii/,d in collahoration wili 
I'l'1: at tile National .useunisof Kensa. 

"lih inslructors distribte,d lecture liotes and 
other \\ rittl material ol all the !olpics covered 
in the course. Tfhis niateria! originall\ de-
seli ped I'oln tile field fcchnicians cuurso in 
I %ill pi-m ide a sound basis for lhe produc-1981 
lion of a Irainin package fIor agrolorestry field 
technicians. 

=I901-___ 
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Quizzesa t ile heginning and fhe end of tlhe 
course indicated ilhat participants improved 
their knowledge by about 5014 during (lie Four
week period Figure 4). This, conbined with 
their positive comlcnts, suggested that tie 
COL're was ulsel'u anld there are plans to repeat 
it oil an aintial hasis. 

Introduction to agroforestry

in Bangladesh
 

Witlhin the franie\ ,(rk of' the ,ollaborative re
search progranme in Bangladesh. ICRAF 
Joined BAIRI and BARC to Ilofd a tlhree-week 
trainin- course in October at BARI headquar
ters in .ovdebpur. (ia/ipur. Pariicipants were 31 
research scientists froni nat i i~al institutions and 
non-vosernmental organizat ionis. Fulnding was 
provided by tile Ford F1'oundationl. 

Three ICRAF salT members coMducted 
sessions Oil sOiie 01" tle subject,, whi.i others 
were covered by national scientists, imlost of* 
whoml had attenlded earlier training coturses ll 
ICRAF. The course followed tlhe generai struc
ture of ICRAF's training course oii agroforestry 
research 'or de'elopment. but the emphasis was 
oi topics and examples from the field of particu
lar relevance to Bangladeslh. 

Introductory sessions covered basic concepts
of' agrofOrestry. classil'ication of agro forestlry 
technologies. the functions of multipurpose
liees. and aii overview of ag roforestry ii Ba n
gladsl. Participants also made poster presenta
tiolls (il agroforestry case stidies fron diferent 
parts of(lie country. 

The course went on to introduce ICRAF's 
D&D methodology, procedures for on-statlin 
and on-l'arn research, ald methods for technol
ogy evaluatior. The participants also visite0 
agrolorestry field sites and coILIducte( a D&D
exercise with fIarniers at Rangpur in nort hemin 
Bangladesh. 

After analysis and presentation off [lie D&D 
results. (lie course covered several topics of' 
particular inlterest. These irncluded gentler anti 
land-tenure issueS. coiiiliitinity iorestrv. agro
forestry and rural agri-business. data analysis, 
en,,nlology. tile agrolforestry literature, and tile 
organization of agrolorestry research. develop
nent aid training activities. 



= Training and Education I 

Study tours and special 
programmes 

lild 

grannles for staff inenbers ofnational. iiterua 
tional and donor organiations. These allow 
researchers and development workers to ex-
change viess and to obtain first-haid knowl-
edge of agroforestry systems and practices, 

11 1940. ICRAF organized at field trip in 
Malawi for 20 national researchers from Ma-
lawi. "'ian.ania. Zanbia and Zinbabwe.ICRAF 
aa lganized Ior field trips inKenya: for 7 
participants from Malawi. X participants f: 'l 
Zambia. 5 participants from Thaihlnd, and I0 
participants from Ghana. 

Special progranilles. ranging from 14 days 
lo 2 months, were also arranged at ICRAFI head-
quarters for four visiting scientists. These were 
.,taf inenhers from the Centro Agron6nico 
Tropical de Investi g ci d y I:1nsefianza 
(C'ATIE)W(osta Rica). Soko ine University of 
,\griculture (Tanzania). th- University of Idaho 
l!SA) and Moi University (Kenya). 

Finallk. ICRAF arranged a one-day demoin-
stration [oDd ,:xercise inKenya's Enibu Dis-
trict for 22 representatives of donor agencies 
plus members of' tileBoard of' Trstees. and 
another for 9 representatives from SIDA. 

ICRAF organiie, stnd' tours special pro-

Preparation of teaching
materials 

All training courses at ICRAF headquarters are 
supported by tilecompilation of teaching ma-
lerials. sowe prepared inbotlh English and 
French. In11990, lecture notes were compiled 
for tilecourse oil agroforestry research for de-
velOpilent and lecture notes and selected read-
ings were compiled iii collaboration witlh 
visiting lecturers from I'E aind Kenyatta 
University for the technicians' training course. 
This acivity will be expanded in 1991. 

Curriculum development 
for .,nroforestry education 

A project was launched in 19X8 to develop 
curricula for agroforestry education ill African 

I 

universities, parlicularly at the M.Sc. level. In 
I900. arelated progranine was introduced to 
•.opor agroforestry cutrric1lllin de\ eloplilent at 
fechnicaW c lleges. 

)urin;- ihiyear. ICRAF staffconsuled with 
faclit y Ineinbers at 10 universities and 7 tech
nical colleges ill 10countrics participating in the 
AFRENA programnle. ICRAF also organized 
three workshops Oin curriculum development, 
one ill Kenya.Ghana and two ill 

These discssni.v, indicated that several 
Universities in A'rk iha%,,.recently introduced 
courses inagrot'Oestry at the B.Sc. and M.Sc. 
levels. There ire inmprtant OPPOrt[ll ies for 
agroforestry students at hoth levels o tmduct 
field research iilcoIlaboration with AFR F_'NA 
prograinnes. 

Most of the technic: colleges inContact with 
I('RAF have also recently iltr(duced agrofore
stry courses. perhaps (file to increasing govern
unent emphasis on small-scale farmers. Between 
5(ad (801 of grad iMiates from techIicaI inslitu 
lions take Lp employnent either as government 
extension officers or as field staff innon-gov
ernmental organuizations. This suggests thait sup
port for agroflOrestry education at technical 
colleges should have an importanl direct impact 
on farmers. 

Visits and workshops in 1990 resulted in the 
form0lation of model curricula for M.Sc. 
courses in agroforestry. Illaddition. curricula 
were developed for agriculture, forestry and 
livestock production courses with an agrofore

stry componenlt. Objectives and course outlines 
have also been developed for agroforestry 
courses intechnical colleges. 

Although instruction ill agrol'Orestry is be
coming more widespread, most teachers and 
curriclhm-developmeilt specialists have never 
studied agrolforestry thenselves and they are 
often uncertain abot where to find appropriate 
teaching material. Thus,important areas for fur
thier atteltion at ICRAF include training inag
roforestry for lecturers and teachers and the 
compilation and development (If instruct(ional 
materials. 

Al ilportanlt resL't of conllsultatioins ill1990 
was the preparation ofaproposal for an African 
Network for Agrof'orestry Education (ANAFE). 
This will be established in 1991, based at 
ICRAF headquarters. 
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Information and Documentation
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ICRAFs library collection and bibliographic database provide the foundation for several 
information services and products. 

The pri o' ofII('RAulhectjvl s Informiation 
aid I)o-III ientmaton ,,,r. adva.nce aero-ice, i,toi 
I'rcslr\ resear a;mt (irch\velolmda n lir( Ilig tile 
idCnlilictioii. acquisition. proceSi,,, anod di,-
,,,.'mmitiun of' inIorniatmiol. Aciliies in 199( 
locusd oinIu1eein th lneed, of agrol'oret,,r 
researchrIs col la1or1imnu, \%itlh IC'RAF as Cll 
I,ileetd ariilIc front other inlividtmls and in-
stitulio, atound the \%orl. 

Building up the database 

11-niro601) Stat are continuoush ilyddil to 
ICRAF's unique bibliographic dalase of'in-

rItllillion oi1iacrooreqtrx. ThI inlv\olves, cruli-
niil, approlriat jit, 'licitiO s. internaltonal 

databa s and abstracting services on a regular 
basis. In 199(0. stafl" nielibers sc. ined more 
Owna 300) ,,issues otl'nteriniona l.oii tidIs and 40 
hook,., pu,,dalabases of the United States De
pirtnent ol Agriculture (AGRICOLA), FAO' 
International Inlornmaition Sv teni lr AtricLiltu
ral Sciences and Technology (AGRIS). and 
CAB Internmtional (CABI). 

The ICRAF library acquired 53( hooks atid 
3(1(1(1 reprintslduring tileycar. hringinlg lhe total 
collection to more than 0()(1()books and 13.,0(0 
repriits.Tle lihr also currently subscribes to 
104 periodicals, (jilt tile acquiSitiolIS.ofIi lew 
more than 30(;( documentary units were catalo
ctu.ed. indewd ind entered into the bibliographic 
database. hringihtle total number of" records 
to 17,60). 
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4FRENA staff in Uganda occ.s1vnally provide training and assistance to groups 
of women farmers. In the process. the scientists .ave the opportunity to learn 

nmore about farming practices in the region 

Information services l.i,1. ditrilhtItCd It(i; i1i\ itlui, atl lihritric,, 
and products l r2itlt.lill II re'lifidlc(tIIIIClrN hill lltl 

I hi.lil Ll IIIC' l kl111Wt,ci;ICil I',)IHIiV- lilt' I l cdinlC II nII1h' (itliiIi! ,C;r. .\Il ll hill tt C,,' 
1tjl1hl,,Ill.1h,,l1 1lC IhuC IHItl;~iillHlfill it , lliki (ILlIA .. inItII~iln ,I)IM 111,,Iltllimin iiltli\ ', III fricat. 

Miltil 1 l1ih ", M Cl\ 1r11itILl,. it tqluarierl ',t \%orl'k
" , 
tC4-III llh,till(ll l+"' illit] Il()llI icnll ,' litl Ilieltl l

II II !i N I' fl"d lt Ct" J 111,11A I,, f'M,, Ilthillit I R,,\I the \IR IFN.i tt, ,,12\%III) thlotltl ..
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programnmes. Searches were carried out using
ICR A F-s ow database plius those of*AGRI-
COLA and AGRIS. 

ICRAF provides a selective dissemination of 
information (SDI) service currently based on 
the in-louse database. This service, which was 
fu lly autonated durine the year, alerts inlivid-
ailusers to the most recent additions to the 

database directlv relevant Io their research inter-
ests. I)uriii 1990, the number of scientists who 
have sked to receive ils service increased 
from 175 to 230. Primarily as a result of 
ICRAF s search and SDI services. scientists 
requesled and received full copies of nearly 
2(0((0 docuinlt s identified troin the dalabase. 

ln formation stallare preparing a specialized 
bibliography oin agrolorestrv and fuelwood, 
wilh 15(0 records already idenltified and ana
lysed. They also beeain work in 1989 oii a com
puterized directory of agroforestry researchers. 
which now has more than 450 entries. This
directory should provide useful illlinlaitio Oiln 
current agrol'orestry research projects and who-
is-doing-what' to lacililate collaboration and 

help avoid duplication of effort. 

Collaborative activities 
During the year, ICRAF's information staff 
contlinued cooperative work with international 
agricultural research centres. United Nations 
agencies, and other organizations to improve 
the ulili'zation of information resources. ICRAF 
contributed to the CGIAR Compact Interna-
tional Agricultural Research Library (CIARL) 
CD-ROM project. ICRAF also serves as a dis-
tribution poilt fr Micro CDS/ISIS. a software 
package developed by the United Nations Edu-
cational. Scientific and Cultural Organiziation 
(UNESCO) IOr bibliographic database manage-
ment on microcomputers. In 1990. ICRAF is-
sued this software to I I organizations. 

I1990 ICRAF Annual Report = 

OIher -Jillaboratlive activities included par
icipalio ini lie environment al intormation net

work-INFOTFRRA--of [he liited Nations 
Environment Programne (1UNET). ICRAF 
lunctions within INFOTERRA as a special in
l'Mrmation source oil agrolorestry. ICRAF ini'ir
nlation stal'" meet ings ofalso participated in 
AGRIS/CARIS (Current Agricultural Research 
Inflormalion Svstem). C(;IAR information o'
ficers. and iheInternalional Association of Ag
ricultural h'ormation Specialists. 

Finally. ICRAF is a member of' he Kenya 
Micro CS)/ISIS Users Group and the Nairobi 
Iilonnation Group. an iil'rnial associat ion at 
information services from tlie many national 
and international research institutions wilI oft
fices inNairobi. 

Training and institution building 

An important mechanism tor strengthening ha
tional agrolorestry research syseis is Ihe pro
vision of training fIr informalion personnel. In
 
1990. two information ollicers-one trom
 
BARC ih Bangladesh and one from CARE
 
Kenya-received on-tlhe-job training 
at 
ICRAF.
 

Information stall also helped develop an ir
portant infonnation componenlt in the collabor
alive agroforestry research project ICr the 
semi-arid lowlands of West Africa. wiih fund
ing from CIDA. The objective is to strengthen 
the infonnation-liandling capacities of selected 
national institutions in Burkina Faso. Mali. 
Niger and Senegal. ICRAF will play an active 
role in iraining and advising the inflormlation 
personnel ot these institutions. 

Finally. in 199(0 as in other years, ICRAF's 
inlormation staff received large nlubers of 
visitors wishing to learn about ICRAF's Inl'or
mation and Documentation services and tIolist 
the ICRAF library. 
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ICRAF scientist discusses agroforestry with His Excellency. Dr Kenneth Kaunda. President
 
of Zambia (left). and the Minister of Agriculture. Hon. J.J. Mukando (right).
 
at the 64th Zambian Agricultural and Commercial Show in August 1990.
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Another important publication resuhed Iron 
,I major strategic planning exercise diai took 
place in 1990--I('RA.: .i'/te,, to the yea
2000. ICRAF-s strategy doculent was created 
through an intense participatory process inivoh,-
ingin lallat'llent. stal and the Board of' Trus-
tees, as well as representatives from 
coilh oraliig inslitlutions and the donor cori-
Iiuniv. 

('R AF puhiislies monographs, computer 
progra ms. cint'erence proceedings and ai1no-
tated bibliographies oii different aspects cf ag-
rol'orest ry. One major publication ,iwas 
completed in 1990, .S(L'A/.'.oil humchg. under 
aI,''i/c'.%IIY, an inieraclive computer model 
with user's handbook. iicli e timates the el'-
fecls ol soils o specilied agrol'orestry systems
within given environments. ICRAF also pub-
lished a short general brochure. 

Rapid and inexpensive dissemination of re-
search results is achieved through infbomal pub-

iicatlions. [liese are made available for 

coy. tent and discussion andIto inform inter-

ested colleagues about work in progress. Many 

are eventually revised aind published 
 in more 

permanent lorni. In 1990, ICRAF published 8 

Working Papers. I IAFRENA Reports, 3Train-

ing and Education Reports. and I report in the
 
Source Materials and GUidelines series.
 

Copublications 

ICRAF cipUlilishles an internationial scholarly
journal. Agro 'i-.est,-Y Systems. with Kluwer 
Academic Publishers in The Netherlands. Iti 
addition tItomajor participation in the peer re-
view and editorial policy-making f'urctions,
ICRAF provides 120 subscriptions of the jour-
ial to selected libraries ill developing countries. 

ICRAF aso Co)pUblishes a quarterly abstract-
tug jouirlial. Agiroor-t-v Ah~stract,. with CABI. 
Contents of the journal based, inare part. Ci1 
ICRAF's library accessions list and ICRAF 
helps identily authors of overview articles. 
ICRAF provides 5001 free subscriptions to ke)
agricultural libraries in developing countries 
and to collaborating researO',crs in A frica. The 
Asian Development Bank (ADB) pays for 150 
subscriptions to agricultural libraries in ADB 
member countries. 
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Translation and publication

in French
 

in view of the potential role of agroforesry in 
much of I'rancophone Africa and the valuable 
contribution of several francoplioneContries to 
the AFRENA programme, ICRAF is strongly
coin iiitted to translating nii ajor publications 
into French. In 199(0, the annual report and all 
issues of A,Ql,-finrestr 7"du\Y were translated 
and publishied in French. The French edition of
the magazine. Lu'ur,'miesler- tiieat ntwrd'hui, is 
more than a simple translatien: it is increasingly 
tailored for a francoplione audieice with rele
vant news items, letters. alnn~iCemnlltS. caleii
dar notes and book reviews. 

il 1990, ICRAF also published one Working
Paper, six AFRENA Reports, and various in
structional materials, posters, brochures and 
course notices in French. Inaddition, translation 
staff started work on I computerized English-
French glossary and thesaurus of agrolorestry
related terms, which now contains about 1700 
multiple entries and definitions. Translation 
work iscomplemented by a continuous effort to 
verify and expand ICRAF's distribution list of 
francophone readers. 

Distribution 

Au important accomplishment in 1990 was the 
completion of an exercise to update the Aro

rfinestrv' Today mailing list. Readers were given
two opportunities to return postcards indicating
their continued interest in the magazine, and all
 
who fai led to reply were deleted from the list.
 
At 1ie same time, a substantial number of new
 
readers asked to receive the magazine. By the 
end of Ihe year, the mailing list incluided imore 
than 6200 confirmed addresses. 

ICRAF publications are a1nou1nced ii ,A.1-0
./01-eslto"Oday. and copies are sent out oi re
quest. Prices are set oi I cost-recovery basis but 
are waived f'or manv readers in developing
countries. in 1990. 160 copies of ICRAF pUb
lications were distributed oCiIrequest. Il addi
lion. all publicatiois are distribLite tto oCLCtel 
staff, members and former mnembers of' the 
Board of lTrustees. representatives Cfl'donor or
ganizalions, and specialized libraries. 

j 



E Communications I 

Audiovisual and graphic
production and services 

IRAt' s coMIpileri/ed dalahase of cohlur 
slides increased furon 1501 to 5(0( il 1990. 
reflecting a nmitor effort oer the Course of the 
Near. The colleclion of black-and-white photo-
graphs increased from 30011()to 5(0()0. More thlan 
150 slides and black-and-white photographs 
,Crc distributcd on request. primaril. for use ill 

outsidC pUhlicalions. and more than 2(10 copies 
ol' ICRAF's ,lide sets %%ere sold or given away 
during the Near. 

IWRAF ,)holouraphs. posters and publica-
tions %ere ;elltlled ill several exhibitions. and 
I(RAF', - preselation. /l Pomn.sc of 

\.4rir.aJ.was shown at national agricultu-
ral sll s ill Zambia and Malawi. in training 
c.nurses orean i/ed by tile Kenya Govcrnmcnt, 
and at ieetilnes and confIrences inl Europe. 

('ommunicat ions sl.taf provided technical 
support for all ICRAF conferences. supplied 
artm ork, desktop-pIUblishing ;Ad paste-up ser-
vice, for all ICRAF publications. and prepared 
merhcads and slides for conference presenta-
lions by ICRAF stall'. Commnunications staff 
also helped I('RAF scientists make photo-
graphic records of agrotorestry systems aid cx-
periniental %%ork. 

Public affairs 

Man\ IWRAF staff members are involved in 
promtion nal activities to increase public aware
ne,, of agrolorcsiry and of ICRAF. These ill-
cide iliter\ ie\s s ith.iournalists, preparation of 
press releases. and appearances on1local radio 
and teles ision. ICRAI: is al,,o an activc partici-
pailt ill tile ghlobal public-as%areness caipaign 
sponsored 1 tile C( AR. 

Oeit important acti\it in 199( \\as the pro-
dulctioll and Frelnch Lie-of a posICr in [:nglishl 
scrobinghe leuacinLI Ih'r,,pylh/lie ps) llid. 
I/lak. anid gi. in instlruciionsIt scieilistsand 
field \,orkers on los to identify and report al\ 
incidence of" ps\ llid infestation in Africa. This 
pro ect %\as Uiildertaken in collaboration \ilhl the 
International Institute of, Biolo",ical Control 
1113(I aild tihe ()A I's Inter-AfricaniPh\lvlsani 

lars ('ouncil. 

[ ___ 
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Agricultural Show Features
 
Agroforestry
 

'Plan and Prosper' was the theme of the 
64th Zambian Agricultural and Commer
cial Show, held in Lusaka in August. The 
Department of Agriculture invited the Ag
roforestry Research Project ...to participate 
in the show. 

The project staffconstructed a stand and 
designed posters explaining objectives, in
itial research results and training activities. 
The exhibit included live seedlings of sev
eral multipurpose trees with good potential 
for Zambia .... Visitors also saw samples of 
prunings and fuelwood harvested from Ses
hania seshan. Leu'acna leio'ephala and 
Eucalyptus canialdulensis. 

Hundreds of visitors were attracted to 
the exhibit, including small-scale and com
mercial farmers. Perhaps the most exciting 
moment for project staffwas the visit ofHis 
Excellency, Dr Kenneth Kaunda, President 
of Zambia.... Dr K"unda found the agro
forestry exhibit so interesting that his aides 
had to urge him to move on to visit the rest 
of the show. He took with him copies of 
ICRAF publications, including Agrofinre
sOtr Todacy. 

-Agr'oriestry Today 
October-December 1990 

Training and institution building 

As resources allowr. communicat ions staff pro
vide training and support in the form ofediting. 
translating. audiovisual services and graphic de
signIto other sect ions of ICRAF and to col labor
ating institations. In 1990. a ieniber of 
ICRAF's comimilunicati(ons staff led ksorkshops 
on scientific \ilting for the African Association 
of Scieice EdItors (AASE) ill the association's 
annual conference in Ibadar. Nigeria. and 
helped plan i series of science-\ riling cO'irscs 
for WJ'..RDA and OAIu/SAFGRAD. Training 
sessions in aspects of' scinitific V.ritine were 
also coidtucted for ICRAF headquarters and 
itOipos eI staff.
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Participants in ICRAF s course on held experimental methods and data collection measure light

Interception In a woodiot of young Grevillea robusta at the Machakos field station.
 

.\knnd.l E. andI I ..\. I/i tq pith ,t- Ilahirti iiugu ma. 'nwe, .1.and I)epom-
Iloigh , 'l IH.' I {I'', 0 11 ' C I I C'\Cdhl /I. inier, 1). 1)iwil;,, lhI VOlll Mtilo ({Il IIIlIIll

\\ 0rk1ni.'.pci C' . \airthi: I( RAIF. 5) pp. it'ti .In iuhr \d',ii/p/mta.' b. /(llhot ti 

/.Iii ptk- in A 'l/it -ii Camerioon. Wi irk iw 
Ak. a E. and Sabtik ikopa, ,I.I. I)aper (0. Nalit thi: IKRAF. 34 pp..mpn. 

/oI Ihv pi-IUl,/ .\,,1 , b" N - S/ to' h.)k%I r. |lnnier.. le)I ILic ',eB'fha' i. ,.,FRIENA: C\C 

I/99i, .\RIA.\ Repott 2'j \aiitthj: Coupt&ai ICic i-clc/& \clopp~eciiici. V 
I(R,\I". 36 pp. her .,,'. 1(4): 2)2 )9. 

Ainare (;elIhin.;\ hr.',t . lt w tlccilop- BIatimer, M. A it'rcteri' poutr le ./nncs
InCl II ll " ,il: l t\ CIA 1IN. Ill \V\'. schc, lric ;.,. flit 't Ittr;it dc'A
I1W (Ht. I. Iltd.hh1ml. I.1.I 1 lroplque.%. 22.u ii 04.Ih ltcI\ '110t F. 

SlC Iiic.' . 'h,P/1 iiiui1'; /il (I', t6l /IV'I

.A\1,1"u(0 Ilc\ IL.'z.pp. I IN' 1 2012. I|.'tunler, ., ,lwthov ,lhbota icalhinonw.
 

SnO.'Cc M\laclria and ( uiuclincs 6 I. Nai
.1llare (4l,_Lt.ll allnd Njenlga. ..\. I m. rhi; I('1uw \1:. 26 pp.
 

",akc\:KC.1In\J ti l IIrtt I ' a
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pp. 233--36. 
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. 
ii.'eux dit Rwma,,n. Working Paper 58. 
Naiiobi: ICRAF. 16 pp. 

Baumer, M. Qu'lquIioms 'u'er/n/lairt.'de 

Beniest..I., comp. R int /l'icai de techer-
che a k,r//trAttere ;AFREN,,\ ) iola :i:l(, 
.Mit'i-aride d'ArIt,'it'/I' ()l, r r': ale/ict 
,'iOla/ de plhiii/iafioI.Outagui'ougoti. Ii 

4 an 7 h' emnre /989. AFRENA Report
23. Nairobi: ICRAF. 58 pp. 

Beniest, .1., comp. RcIteai af-icaini de recher-
chet
agrO/re.itre (A,,IRENA) pour hi :ot' 
eil-tll'idt' d'A/H ' I'o dt'uxitmeiqt' (e'.. 

atelie roit'l(altde pihniliation.Niame'. 
d 25 all2S jui 1990. AFRENA Report 
26. Nairobi: ICRAF. 64 pp. 

Carlwiz,P.(G. ion. Uses and functions of,
 
perennial and sel)iperemnial Se.0hatia 

species: an overvieN. In B. Macklin and 

D.O. Evans, eds. Perevii Sesbania 
.//Ct .Ain aro/()rt'slry. \s.ems. Wailima-
nalo. taaii. USA: NFFA,pp. 57-62. 

i)j imd, NI., ed. fwo'ntialitns atrio/oi'e.tiit'rs 
IttIns h'. .N's i/'lisationdeit'. errcT' 
tit Iaa' tde.1Ai-tiri tin Mali. AFRENA 
Report 22. Nairobi: ICRAF. 132 pp. 

Djimd6, M. and ('oulibal., K., eds. Proposi-
fin/. tit' ret 'ert "lit,tIgl4o/rt-st/ire polir It' 
s.v\.ttm' ptr/s al Ma/i. A FRENA Report 
32. Nairobi: ICRAF. 78 pp. 

Harwood, C.E. and Amare Getahun. Grevil-
t'a robusla: Australian tree finds success 
in Africa. Agrfi/est/v Todv.2(I): 8-10. 

Heineman, A.M., Mengich, E.K., Olang, 
A.D. and Otieno, H..j.O. AFRENA project 
Mast'/o. Kn\'a: /rogress rt/Ortfir te 
wriod.tlla/i'19SS to ,larnuar' /990. 

AFRENA Report 27. Nairobi: ICRAF. 72 
pp.
 

Hoekstra, D.A. Economics ol agroforestry. 
In K.G. MacDken and N.T. Vergara, eds. 
Agro/rtestov: ctssI/ticatiollan manlage-
ment. New York: Wiley, pp. 310-31. 

Hoekstra. I).A.. Torquebiau, E. and Badege 
Bishaw. A./rt/re.vny. ic/titia a/n re-
Search n'eds./n/" ite Ethiophinm hlih'/,n.v. 
AIRENA Report 21. Nairobi: ICRAF. 132 
pp. 

ICRAF. Alu/aeFtx, Tlyla v. Nairobi:
 
ICRAF. volline 2. LUmlbers I-4.
 

ICRAF. Consei ntiernationai po" hitrecher
che en agro/o/'reSeri'. ralp/ni-l anmiiei 
19S9. Nairobi: ICRAF, 1(04 pp. 

ICRAF. Current pIhlications.f/om IC/AI. 
Nairobi: ICRALF, 20 pp. 

ICRAF. ICRAI. .. t'nra en ti/ iecenio de /990. 
Nairobi: ICRAF, 6 pp. 

ICRAF. ICRAI'...inio the /990.v. Nairobi:
 
ICRAF. 6 pp.
 

ICRAF. ICRAF. .-v/tatlo thei'ear2000. 
Nairobi: ICRAF. 76 pp. 

ICRAF. hIternatioal Cutncilfin"Research
 
in Agro/oresu'v: Annul Report /989. Nai
robi: ICRAF. 100 pp.
 

ICRAF. L'Agrq''n.ytrie timjoud'hi. Nai
robi: ICRAF. volume 2, numbers 1-4. 

ICRAF. LeucaenaleucocephalaieinlttUlil 
Afi/ique arIt' / p.t'lh, (ti letcena (Heterop
sylla cubana). Nairobi: ICRAF, I p. (pos
ter). 

ICRAF. Le'tca/nia /s)v/lid (Heteropsylla cu
bana): a st'rioti.v hrcal to Leucaena leu
cocephala inAfiica. Nairobi: ICRAF, I p. 
(poster). 

ICRAF. LICRAF."It's a/loees 90. Nairobi: 
ICRAF. 6 pp. 

Kaudia, A. and Arnare Getahun. ElTect of 
tree density on biomass yields of Sesbania 
scsian under alley cropping systems. in B. 
Macklin. and D.O. Evans, eds. Peretnnial 
Sesbania specie.s in agro/1orest1'sv.stems. 
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Waimanalo, Hawaii, USA: NIFTA. pp. Uganda: Irogress reportf/ithe period
211-18. Septenber 1988 to February/990. 

AFRENA Report 28. Nairobi: ICRAF, 30
Kwesiga, F.R. The potential of Seshania ses- pp.
 

han in the !raditional land-use systems in
 
Zambia. In B. Macklin, and D.O. Evans. Pgori, .j.
Agroforestry research: case study
eds. Perennial Sesbania species in agro- from Kenya's semi-arid zone. Agr/forestrv
J'restrv'svstems. Waimanalo, Hawaii, Toky. 2(4): 4-7. 
USA: NFTA. pp. 131-38. 

Raintree, J.B. Agroforestry diagnosis and de-
Lundgren, B.O. ICR, F into the 1990s. Agro- sign: overview and update. In W.W. Budd,

forestr3 TodaY. 2(4): 14-16. 1.Duchhart. L.H. Hardesty, and F. Steiner, 
eds. Plannin<.finr agrqfin'estrv. Amster-

Lundgren, 11.0. Look at it this way. Outlook darn: Elsevier. pp. 33-57.
 
on Agricidture. 19: 139-40.
 

Rao, M.R., Kamara, C.S., Kwesiga, F. and
Muiller, E.U. and Scherr, S.J. Planning tech- Bahiru Duguna. Agroforestry field ex

nical interventions in agroforestry projects. periments: methodological issues for re
Agro'1'estrv syste'Ms. II: 23-44. 
 search on improve(; fallows. Agrofiestr , 

Today. 2(4): 8-12.
 
Munyua, H.Arq/orestrY' literature. a cita

tion aFdvsis.Working Paper 61. Nairobi: Rao, M.R. and Roger, J.H. Agroforestry 
ICRAF,14 pp. 	 field experiments: discovering the hard 

facts. Part 2: agronomic considerations. Ag-
Niang, A.I., Gahamanyi, A. and Styger, E. rolorestrY TodaY. 2(2): 11-15. 

Acres de la premiefre 1,1/ion agrolJre
stireorganisce par l'projet ICRAF/ISAR Rao, M.R.and Singh, M. Productivity and 
hi 13 an 15 septemhre 1990 t Kigali. risk evaluation in contrasting intercropping
AFRENA Report 36. Nairobi: ICRAF, 132 systems. Field Crops Research. 23: 279
pp. 93.
 

Niang, A.I., Styger, E. and Gahamanyi, A. 	 Roger, .111. and Rao, M.R. Agrofbrestry
Projet AFRENA Rwanda: rapport d'acti-	 field experiments: discovering the hard 
vitt;s
pcriode miars 1989-mars 1990. facts. Part 1: statistical considerations. Ag-
AFRENA Report 31. Nairobi: ICRAF, 38 roforestry TodaY. 2(l): 4-7. 
PP. 

Scherr, S.J. The diagnosis and design ap-Oduol, P.A. and Akunda, E.W. Growth proacn to agroforestry project planning and 
rates and wood productivity of perennial implementation: examples from western 
sesbania. In B. Macklin and D.O. Evans, Kenya. In W.W. Budd, 1.Duchhart. L.H. 
eds. Perennial Sesbania species in agro- Hardesty and F.Steiner, eds. Planningfinr 
fUrest systems. Waimanalo, Hawaii, agrofrestrv. Amsterdam: Elsevier, pp. 
USA: NFTA,pp. 63-72. 132-60. 

Oduol, P.A. and Aluma, ,j.R.W. he banana 	 Scherr, S.J.and Miller, E.U. Evaluating ag
(Musa spp.)-Coj',e [sic] robusto: tradi- roforestry interventions in extension pro
tional agroforestry system in Uganda. Ag- jects. AgroforestrY Systems. I1: 259-80. 
rojorestrYSystems. I I: 21-26. 

Scherr, S.J., Roger, J.H. and Oduol, P.A.Peden, D..Okorio, J., Byenkya, S. and Surveying farmers' agroforestry plots: ex
Wajja-Musukwe, N. AFRENA project periences in evaluating alley-cropping and 
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tree border technologic:, in western Kenya. 
Agrifirestry Systems. 1I: 141-73. 

Torquebiau, E., ed. Potentialites agrqfine-
slieres pour ki -one senii-aride (hiNiger. 
AFRENA Report 25. Nairobi: ICRAF, 130 
pp. 

Torquebiau, E. Introduction to the concepts
(/agrQ/or(stiy (Introduction ax conuepts 

de ',agror(esterie).Working Paper 59. 
Nairobi: ICRAF. 122 pp. 

Waage, j. and Huxley, P.A. Leucaena 
n,;Pi,id:is this deadly pest on its way to Af-
rica. Agr?orestrv Todav.2(3): 13-14. 

Wahome, J., comp. Report ofa training 
cour'se on itrodiictionto conmpiers and 
SAS. Held in Nairobi, Kenya, 24-28 April 
199(C. Training and Education Repcrt 1(6. 
Nairobi: ICRAF, 20 pp. 

Wahone, J., comp. Report of techwician 
training coIse on experimental methods 
d'data collection in agro/restry research. 
Held in Nairobi, Kenya, 23 October-10 
November 1989. Training and Education 
Report II. Nairobi: ICRAF. 20 pp. 

Wahome, .. , comp. Report on the ICRAFI 
DSO international training course on agro
f;'restr ' research fin"lei elopment. Held in 
Nairobi, Kenya. 7-25 May 1990. Training 
and Education Report 14. Nairobi: ICRAF, 
92 pp. 

Wambuguh, D.A.M. and Huxley, P.A. 
nur'eriesfor research.Multipurpose ti'ee 

Working Paper 62. Nairobi: ICRAF, 56 pp. 

Westley, S.B.Living fences: aclose-up look 
at an agrotbrestry technology. Agrofrestrv 
TodaY. 2(l): 11-13. 

Wolf, G.V., Roger, J.H. and Scherr, S.J. As-
sessing nitidti-prodiwt tree vieldsfiomn li-
near agroforesr ' technologies. Working 
Paper 55. Nairobi: ICRAF, 66 pp. 
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Yamoah, C. and Amare Getahun. Alley 
cropping and crop yield enhancement with 
Seshania species. In B. Macklin and D.O. 
Evans, eds. Perennial Sesbania species in 
agro/irestrv svstems. Praccedings of a 
workshop held in Nairobi, Kenya. 27-31 
March 1989. Waimanalo, Hawaii, USA: 
NFTA, pp. 109-22. 

Young, A. Agrolorestry as a mneans of sustain

able soil management: the potential and 
the evidence. In franactions lol thel 14th 
InternationalCngress of'Soil Sciences. 
Heid in Kyoto, Japan, 12-18 August 1990. 
Volume 6. Kyoto: International Society of 
Soil Science, pp. 293-94. 

Young, A. Agrolorestry, environment and sus
tainability. Outloo("on Agriculture. 19: 
155-60. 

Young, A. Agroforestry for the management 
of soil organic matter. In E. Pushparajah 
and M. Latham, eds. Orgtanic-ntater nian
agetment and tillage in humid and sub
humid Afirica. Proceedings of the Third 
Regional Workshop of the AFRICALAND 
Programme. Held in Antananarivo, Mada
gascar, 9-15 January 1990. IBSRAM Pro
ceedings 10. Bangkok: IBSRAM, pp. 
285-303. 

Young. A., ed. Research into soil manage
men, andagrqfiurestrv. Report on an 
IBSRAM/ICRAF workshop, held in Nai
robi, Kenya, 26 November-3 December 
1989. Bangkok: IBSRAM and ICRAF, 36 
pp. 

Young, A. and Muraya, P. SCUAF: Soil 
changes under agroforestrv. Version 2. 
Computer program on diskuctte with user's 
handbook. Nairobi: ICRAF, 124 pp. 

Zulberti, E. Agroforestry education and train
ing programmes: an overview. Agrofinre
st, Systenis. 12: 13-40. 

Zulberti, E. Approaches to agre/orestrvde
velopment in Afirica:an overview. Work
ing Paper 64. Nairobi: ICRAF, 16 pp. 
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ICRAF Staff in 1990 

Position/Discipline Date Joined DutyName (Nationality) (Left) Station 

Office of the Director-General 
Dr B. Lundgren Director-General (Sweden) 1.9.81 NairobiMr E.G.C. Barrow Senior Scientist/Agroforestry (Ireland) 9.1.90 NairobiDr P. Huxley Principal Research Advisor (UK) 4.1.79 NairobiMr S. Kanani Tecinmical Coordinator (Kenya) 13.6.83 (19.2.90) NairobiDr W. Migongo-Bake Research Officer/Range Management 12.11.90 Nairobi 

(Kenya)Mr R.B. Scott Senior Director/Economics (Canada) 1.1.88 NairobiMrs 1. Kasyoki Secretary (Kenya) 13.2.89 NairobiMiss A. Kinyanjui Bilingual Secretary (Kenya) 10.9.90 NairobiMr A. Kirima Messenger (Kenya) 1.7.87 NairobiMiss T. Knudsen Principal Secretary (Kenya) 1.11.83 NairobiMrs F. Mboya Principal Secretary (Kenya) 1.9.78 NairobiMrs L. Munge Cleaner/Tea Lady (Kenya) 1.6.88 Nairobi 

Finance and Administration 
Mr D.M. Sickelmore Director, Finance 1.1.86 Nairobi 

and Administration (UK)Mr A. Aghaulor Head of Finance (Nigeria) 1.8.89 NairobiMr R. Bhabra Head of Operations (Kenya) 17.9.90 NairobiMr J.B. Granados Information Systems Manager (Colombia) 1.12.90 NairobiMrs V.H. Guerrero Head of Human Resources (Venezuela) 1.4.89 NairobiMr G. Maina Management Accounmnt (Kenya) 1.10.89 NairobiMrs N. Sood Associate Travel and Conference 1.11.89 Nairobi 
Officer (Iran)Miss A. Achungo Senior Secretary (Kenya) 9.8.90 NairobiMr J. Akhatsika Cleaner (Kenya) 1.11.85 NairobiMrs F. Chege Tea Lady/Cleaner (IUFRO) (Kenya) 1.7.87 NairobiMrs M.M. de Souza Personnel Assistant (Kenya) 1.10.87 NairobiMi L. Gakombe Cleaner (Kenya) 1.7.7 NairobiMr E.Gatoru Assistant Accountant/Projects (Kenya) 1.9.88 NairobiMr J. Gitau Mail/Filing Clerk (Kenya) 1.3.84 NairobiMr B.B. Hware Photocopy Operator (Kenya) 15.7.87 NairobiMr T. Ivati Mechanic (Kenya) 1.7.81 NairobiMrs M. Kabaya Tea Lady/Cleaner (Kenya) 1.6.90 NairobiMr J. Kagiri Photocopy Operator (Kenya) 1.10.85 NairobiMrs D. Kamaan Receptionist/Felex Operator (Kenya) 1.8.87 NairobiMr r. Kamundi Computer Operator (Kenya) 1.8.88 NairobiMr P. Kang'ethe Driver (Kenya) 1.6.87 NairobiMr P.Kanyasya Assistant Accountant/General 15.9.89 Nairobi 

Ledgers (Kenya)Ms C.Kanyeki Building Superintendent (Kenya) 17.1.80 (19.11.90) NairobiMr J. Kariuki Driver (Kenya) 1.7.87 NairobiMrs B. Kedeng'e Principal Secretary (Kenya) 1.3.86 Nairobi 
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Name 

Mr K. King'aru 

Mr M. Kuria 
Mr Ii. Luvinzu 
Mr A. Makindu 
Mr J.Mbugua 
Mr W. Mburu 
Mr 1). Michino 
Miss J.Moraa 
Mr J.M. Muli 
Mr D.M. Musili 
Miss Ni. MuLua 
Mr F. Ndungu 
Mrs T.K. Ng'ang'a 
Miss F. Ngari 
Mrs G. Ngugi 
Mrs I. Njiraini 
Mr C.D. Nyaga 
Mr B. Nyachienga 
Mr A.N. Okello 
Mrs M. Oluoch 
Miss C.Omega 
Mr S.Omondi 
Mr J.O. Opande 
Ms R.Thuo 
Mrs L. Wamlbua 
Ms L. Wanjau 
Mr H. Wan johi 

Research Division 
Dr P.J.M. Cooper 
Mr E. Akunda 
Dr E. Akyeampong 
Dr Amare Getahun 
Dr M. Avila 

Dr Bahiru Duguma 
Mr Bashir Jama 
Dr M. Baumer 

Dr E. Bonkoungou 

Ms E. von Capeller 

Position/Discipline Date Joined Duty 
(Nationality) (Left) Station 

Administrative Assistant/ 1.9.87 Nairobi 
Transport (Kenya) 

Storekeeper (Kenya) 1.9.83 Nairobi 
Cleaner (Kenya) 1.8.88 Nairobi 
Cashier (Kenya) 1.1.88 Nairobi 
Messenger (Kenya) 1.11.85 Nairobi 
Accounts Clerk/Disbursements (Kenya) 20.2.90 Nairobi 
AccounLs Clerk/Receivables (Kenya) 1.8.88 Nairobi 
Filing Clerk (Kenya) 1.7.87 Nairobi 
Carpenter (Kenya) 1.10.87 Nairobi 
Cleaner (Kenya) 1.10.87 Nairobi 
Computer Operator (Kenya) 1.10.85 Nairobi 
Senior Messenger (Kenya) 1.2.85 Nairobi 
Secretary (Kenya) 1.8.86 Nairobi 
Tea Lady/Cleaner (Kenya) 1.6.83 Nairobi 
Receptionist/Telex Operator (Kenya) 1.8.87 Nairobi 
Assistant Account/Projects (Kenya) 1.3.90 Nairobi 
Messenger (Kenya) 1.12.87 Nairobi 
Driver (Kenya) 1.5.88 Nairobi 
Electrician (Kenya) 1.11.87 Nairobi 
Accounts Assistant/Payroll (Kenya) 19.9.83 Nairobi 
Cleaner (Kenya) 19.3.90 Nairobi 
Junior Carpenter (Kenya) 1.10.90 Nairobi 
Driver (Kenya) 1.10.87 Nairobi 
Senior Secretary (Kenya) 24.8.87 Nairobi 
Procurement Clerk (Kenya) 1.4.83 Nairobi 
Receptionist (Kenya) 1.6.87 Nairobi 
Cleaner (Kenya) 1.11.88 Nairobi 

Director of Division/Agronomy (UK) 1.1 1.90 Nairobi 
Research Officer/Crop Physiology (Kenya) 1.1.86 Nairobi 
Scientist/Aronomy (Ghana) 1.1.87 Burundi 
Principal Scientis,/Agroforistry (Ethiopia) 1.9.88 (30.6.90) Nairobi 
Principal Scientist/ 13.7.87 Nairobi 

Agricultural Economics (Belize) 
Scientist/Forestry (Ethiopia) 1.2.87 Cameroon 
Research Assistant I (Kenya) 1.9.86 Nairobi 
Senior Scientist/Range Management 1.9.83 Nairobi 

(France) 
S/.LWA Regional Coordinator/Ecology 1.7.90 Burkina 
(Burkina Faso) Faso 

Research Associate/Agronomy 6. 11.89 Cameroon 
(Switzerland) 
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Position/Discipline Date Joined Duty
Name (Nationality) (Left) Station 

Mr P. von Carlowitz Senior Research Scientist/Forestry 26.6.82 Nairobi 
(GTZ) (FRG)

Mr R. Coe Senior Scientist/Biometry/Statistics (IJK) 15.10.90 Nairobi
Dr T. Darnhofer Senior Scientist/Agrometeorology (Austria) 15.7.82 (1.7.90) Nairobi
Dr M. Djimde Scientist/Animal Science (Mali) 1.5.85 Nairobi 
Mr E. Franz Visiting Scientist/Ecology (USA) 2.8.89 (30.5.90) Nairobi
Mr D. Gatama Research Assistant (Kenya) 8.7.85 (18.1.90) Nairobi 
Mr A. Heineman Research Associate/Forestry (Netherlands) 17.11.87 Maseno 
Mr D. Hoekstra Regional Coordinator/Agricultural 1.3.82 Nairobi 

Economics (Netherlands)
Dr C. Kamara Scientist/Soil Science (Sierra Leone) 1.9.88 Zambia 
Miss 1.Kamau Research Officer/Biology (Kenya) 1.9.84 (30.6.90) Nirobi
Dr M. Karachi Scientist/Agronomy (Kenya) 1.8.88 Tanzania
Mr P. Kiepe Research Associate/Soil Science 12.10.87 Nairobi 

(Netherlands)
Dr F. Kwesiga Scientist/Forestry (Uganda) 1.4.85 Zambia
Dr D.O. Ladipo Scientist/Tree Breeding and Improvement 1.1 !.90 Nigeria 

(Nigeria)
Dr J.Maghembe Senior Scientist/Forestry (Tanzania) 1.6.87 Malawi 
Dr S. Minae Scientist/Socioeconomics (Kenya) 1.8.85 Malawi
Mr P. Muraya Research Officer/Computer Applications 1.5.85 Nairobi 

(Kenya)
Dr D. Ngugi Regional Coordinator/Agronomy (Kenya) 1.11.85 Malawi 
Mr A. Niang Scientist/Forester (Senegal) 15.1.89 Rwanda
Mr P. Oduol Associate Research Officer/Forestry 1.10.85 Nairobi 

(Kenya)

Ms E.L, Ohlsson Research Associate/Agronomy (Sweden) 1.1.90 Maseno

Dr F. Owino Senior Scientist/Tree Breeding (Kenya) 10.8.87 Na*robi
 
Mr B. Owuor Associate Research Officer/Tree Breeding 1.1.89 Maseno
 

(Kenya)

Mrs G. Patel Associate Administrative Officer (Kenya) 26.1.88 Nairobi
 
Mr D. Peden Senior Scientist/Range Management 21.4.89 
 Uganda 

(Canada)

Mr 1.Pegorie Research Associate/Forestry (CTFT) 14.12.88 (21.12.90) Nairobi 

(France)

Mr A. Pinney Graduate Fellow (UK) 9.5.87 Nairobi 
Mr H. Prins Research Associate/Forestry (Netherlands) 1.1.88 Malawi
Dr J.Raintree Principal Scientist/ Social Scientist (USA) 18.12.80 (1.8.90) Nairobi 
Dr M.R. Rao Senior Scientist/Experimental Agronomy 1.6.88 Nairobi 

(India)
Dr J.H. Roger Senior Scientist/Biometrics and Statistics 1.4.88 (31.5.90) Nairobi 

(UK)
Dr S. Scherr Senior Scientist/ Socioeconomics (USA) 1.12.85 (30.6.90) Nairobi 
Di K. Shepherd Scientist/On-farm Agronomy 14.12.89 Nairobi 

(Rockefeller) (UK) 
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W ICRAF Staff in 1990 I 1 

Position/Discipline Date Joined Duty 
N ime 

Ms E.Styger 

Mr R.Sv.inkels 

Mr R.Thijssen 
Dr E.Torquebiau 
Mr D. Wainbugu 

Mr G.V. Wolf 
Dr A. Young 
Mrs Z. 1)ossa 
Mrs K. Gilani 
Miss H. Gitere 
Miss F. Iassan 
Ms M. Kiarie 
Mrs B. Kibe 
Mrs J. Kimotho 
Mrs T. Lohay 
Mr A. Magcto 
Miss S. Muasya 
Ms C. Muniafu 
Mrs J. Muriuki 
Miss L. Mwandawiro 
Miss M. Mwangi 
Miss R. Mwangi 
Mrs J.W. Njagi 
Mr J. Obande 
Mrs S.Okoth 
Mrs J. Waweru 
Mr P. Waweru 

(Nationality) 

Research Associate/Entomology 
(Switzerland) 

Research Associate/Agricultural 
Economics (Nethcrlands) 

Associate Expert/Agriculture tNetherlands) 
Senior Scientist/Forest Ecology (France) 
Associate Research Otlicer/Agronomy 
(Kenya) 

Scientist/Forestry (GTZ) (FRG) 
Principal Scientist/Soil Science (UK) 
Senior Secretary (Kenya) 
Senior Secretary/GTZ (Kenya) 
Tea Lady/Cleaner (Kenya) 
Bilingual Secretary (Kenya) 
Secretary (Kenya) 
Principal Secretary (Kenya) 
Secretary (Kenya) 
Administrative Assistant (Kenya) 
Messenger (Kenya) 
Secretary (Kenya) 
Bilingual Secretary (Kenya) 
Secretary (Kenya) 
Bilingual Secretary (Kenya) 
Secretary (Kenya) 
Bilingual Secretary (Kenya) 
Secretary (Kenya) 
Fiekl Attendant kKenya) 
Secretary (Kenya) 
Senior Secretary (Kenya) 
Senior Driver (Kenya) 

Field Station-Machakos 
Mr P.M. Kurira Assislant Reserch OlTicer/Farm Manager 

(Kenya) 
Mr M. Matlluva Associate Research Officer/Agronomy 

(Kenya) 
Mr P. Ambani Senior Field Assistant (Kenya) 
Mr K. Chondo 'Labourer (Kenya) 
Mr B. Kamba Labourer (Kenya) 
Mr G. Kiilu Labourcr (Kenya) 
Mr G. Kilonzo Gardener (Kenya) 
Mr M. Kioko Labourer (Kenya) 
Mr J. Kyengo Field Attendant (Kenya) 
M- W. Kyule Labourer (Kenya) 
Mr E. Letaulo Labourer (Kenya) 

(Left) Station 

15.1.90 Rwanda 

12.5.89 Maseno 

5.6.88 Nairobi 
9.10.87 Nairobi 
I. 12.82 Nairobi 

4.11.86 Nairobi 
4.1.83 Nairobi 
7.5.90 Nairobi 
15.6.84 (30.4.90) Nairobi 
1.8.87 Nairobi 
1.5.9(0 Nairobi 
1.6.90 Nairobi 
1.6.81 (11.5.90) Nairobi 
1.9.86 Nairobi 
1.6.84 Nairobi 
15.7.87 Nairobi 
26.8.82 Nairobi 
1.3.88 Nairobi 
1.1.89 Nairobi 
1.2.88 Nairobi 
23.3.87 (5.2.90) Nairobi 
3.8.89 (5.8.90) Nairobi 
1.1.89 Nairobi 
10.2.89 Maseno 
1:8.87 Nairobi 
1.3.80 Nairobi 
1.1.79 Nairobi 

1.8.81 Machakos 

1.6.89 Machakos 

1.9.88 Machako: 
1.1.88 Machakos 
1.1.88 Machakos 
1.1.83 Machakos 
1.9.88 Machakos 
1.1.88 Machakos 
1.5.89 Kathama 
8.9.81 Machakos 
I. 1.88 Machakos 
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CU 

ICRA Fstaff in the courtyardof the headquartersbuilding, Nairobi,Kenya. 

Mr J. Malonzahl Labourer (Kenya) 1.7.88 Machakos 
Mr P. Mbiti Field Assistant (Kenya) 1.9.86 Machakos 
Mr:'-. Mtu.,embi Labourer (Kenya) 1.7.88 Machakos 
Mr M. Mulhoka Labourer (Kenya) 1.1.88 Machakos 
Mr E. Mutinda Labourer (Kenya) 8.1.88 Machakos 
Mr P. Mutua Labourer (Kenya) 20.1.88 Machakos 
Mr L. Mutunga Labourer (Kenya) 1.1.88 Machakos 
Mr G. Mwasambu Field Assistant (Kenya) 1.12.82 Machakos 
Mr M. Ndanibuki Labourer (Kenya) 1.1.88 Machakos 
Mr P. Nzioka Labourer (Kenya) 1.7.88 Machakos 
Mr T.O. Ondieki Labourer (Kenya) 1.1.88 Machakos 

Training and Information Division 
Dr E. Zulberti Director of Division/Education (Argentina) 26.4.82 Nairobi 
Dr E.O. Asare Senior Visiting Fellow/Agronomy 19.2.89 Nairobi 

(SIDA) (Ghiana) 
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Position/Discipline Date Joined Duty 
Name (Nationality) (Left) Station 

Mr J. Beniest Scientist/Horticulture (Belgium) 16.1.89 Nairobi 
Mr B. Bondole Associate Information Officer (Zaire) 7.3.88 Nairobi 
Mr D.A. Brett Editor/Writer (Australia) 4.8.90 Nairobi 
Mr G. de Chatelperron Associate Information Officer (France) 1.7.88 (30.6.90) Nairobi 
Mr B. Hansson Research Associate/Curriculum 1.3.90 Nairobi 

Development (Sweden) 
Mr R.D. Huggyan Divisional Director/Communications 1.8.87 (31.7.90) N;irobi 

(Canada) 
Ms K. Kebaara Assistant Editorial Officer (Kenya) 3.12.84 Nairobi 
Mr R. Labelle lead/Information and Documentation 1.7.81 (21.9.90) Nairobi 

Unit (Canada) 
Ms A. Leymarie French Translator/Reviser (France) 1.9.88 Nairobi 
Mrs M. Mbindyo Associate Administrative Officer (Kenya) 19.9.88 Nairobi 
Mr S. Mburu Associate Information Officer/ I.1.89 Nairobi 

Computer Programmer (Kenya) 
Mrs H. Munyua Associate Information Officer (Kenya) 1.5.86 Nairobi 
Mr A. Njenga Assi,;t,:a Audiovisual Officer (Kenya) 1.2.88 Nairobi 
Ms D.A. Odanga Assistant Graphic Arts Officer (Kenya) 5.10.88 Nairobi 
Ms Chang Soh Kiak Senior Visiting Fellow/Audioviual 1.2.89 (28.2.90) Nairobi 

Producer SIDA (Singapore) 
Ms L. Teemba Associate Information Officer (Kenya) 1.3.79 Nairobi 
Mr J. Wahome Research Officer/Aninmal Science (Kenya) 1.8.84 Nairobi 
Ms S.B. Westley Head/Communications Unit (USA) 1.8.88 Nairobi 
Mrs H.Abdalla Senior S.cretary (Kenya) 1.7.88 Nairobi 
Mrs A. Aduol Senior Secretary (Kenya) 1.9.86 Nairobi 
Mr B. Alenga Graphic Technician (Kenya) 18.8.90 Nairobi 
Mis L. Chege Secretary (Kenya) 1.1.85 Nairobi 
Mrs E.K. GinioCe Principal Bilingual Secretary (Kenya) 9.11.87 Nairobi 
Ms M. Kanyug, Production Secretary/English (Kenya) 18.10.89 Nairobi 
Mrs C. Kimwemweh Bilingual Secretary 1.7.90 Nairobi 
Mrs M. Kimenye Secretary (Kenya) 1.8.86 Nairobi 
Mr S. Maina Messenger (Kenya) 1.11.85 Nairobi 
Mrs J.B. Muga Secretary (Kera) 1.1.88 Nairobi 
Miss E. Muhenge Secretary (Kenya) 1.9.86 Nairobi 
Mr A. Mureithi Library Assistant (Kenya) 1.1.89 Nairobi 
Ms M. Mwangi Senior Bilingual Secretary (Kenya) 1.11.88 Nairobi 
Miss D. Ogonda Bilingual Secretary (Kenya) 10.9.90 Nairobi 
Mr S.Okemo Library Coordinator (Kenya) 25.1.82 Nairobi 
Ms L. Ular Bilingual Secretary (Kenya, 12.10.87 (11.10.90) Nairobi
 
Mrs P.Wandhala Tea Lady/Cleaner (Kenya) 1.1 1.85 Nairobi
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Financial Statements for 1990 

CORE FUND-REVENUE AND EXPENDITURE ACCOUNT 
FOR THE YEAR ENDED 31 DECEMBER 1990 

Revenue
 
Grants 
Recharges 

Sundry income 


Total revenue 

Expenditure
Personnel costs 

Supplies and services 

Travel 

Purchase of fixed assets 


Total expenditure 

Surplus (deficit) of revenue over expenditure 
for the year before the following items: 

Extraordinary item 
Provision for budget deficit 

Surplus (deficit) for the year 

Statement of accumulated core funds
3alance as at 1January
Surplus (deficit) for the year 

Balance as at 31 December 

1990 1989 
(US$'000) (US$'000) 

4050 2960
 
1122 1624
 

251 181 

5423 4765 

3216 3010 
1011 1094 

251 187 
194 259 

4672 4550 

751 215 

- (431) 
(250) ( 

50i (216) 

(666) (450)
501 (216) 

(165) (666) 

Note: The complete 1990 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 liabilities 

Net assets 

Funded by:
Capital funds 
Core funds 
Long-term loan 

1990
 

1990 1989
 

(US$'000) (US$'000) 

4205 3782
 

70 42
 
949 443
 
707 639
 

1026 407
 

2752 1531
 

773 1266
 
784
 

1223 751
 

2780 2017
 

(28) (486) 

4177 3296
 

4205 3782
 
(165) (666)


137 180
 

4177 3296
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STATEMENT OF CHANGES IN FINANCIAL POSITION
 
FOR THE YEAR ENDED 31 DECEMBER 1990
 

1990 1989 
(US$'000) (US$'O00) 

Source of funds
 
Surplus (deficit) for the year 501 (216)
 

Adjustment for items not involving movement of funds: 
Write-off of headquarters fund deficit - 431 

Funds generated from operations 501 215 

Funds from other sources
 
Increase in capital funds 423 133
 
Increase in donations received in advance 784
 
Decrease in debtors and prepaid expenses - 139
 
Increase in creditors 472 338
 

2180 825 

Application of funds 
Increase in fixed assets 423 133 
Decrease in long-term loan 43 40 
Increase in stock and goods in transit 28 42 
Increase indonor debtors 506 
Increase in debtors and prepaid expenses 68 
Decrease in restricted projects fund 493 227 
Decrease in donations received in advance - 150 

1561 592 

619 233 

Changes in net liquid funds 
Increase in cash and bank balances 619 233 
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CORE DONORS FOR 1989 AND 1990
 

Canada (CIDA) 
World Bank (IBRD) 
Japan 
Netherlands 
Norway 
Finland (FINNIDA) 
Switzerland 
African Development Bank 
Sweden (SAREC) 
Australia 
Belgium 
Ford Foundation 
France 

Total 

1990 1989 
(US$'000) (US$'000) 

825 753 
460 460 
415 -
399 357 
309 295 
294 235 
290 251 
250 200 
244 198 
183 
162 
150 150 
69 61 

4050 2960 

RESTRICTED PROJECT GRANTS FOR 1989 AND 1990 

1990 1989
 
(US$'000) (US$'000) 

United States of America (USAID) 1123 572 
Canada (CIDA) 946 854 
Sweden (SIDA) 635 529 
International Fund for Agricultural 500 507 

Development (IFAD) 
German Ministry for Economic Cooperation and 279 238 
German Agency for Technical Cooperation (BMZ/GTZ)

International Development Research Centre (IDRC) 270 111 
Swedish Agency for Research Cooperation 245 255 
with Developing Countries (SAREC) 

Direct Support to Training Institutes in Developing 185 220 
Countries (DSO)-Government of The Netherlands 

Norwegian Agency for International Development 170 8 
(NORAD) 

Switzerland 
Ford Foundation 
France 

Australia (AIDAB) 

Rockefeller Foundation 

The Netherlands 

Nitrogen Fixing Tree Association (NFTA) 

International Foundation for Science (IFS) 


Total 

125 68 
98 325 
75 54 
42 107 
34 365 
- 21 

16 
- 15 

4727 4265 
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fj ANALYSIS OF RESTRICTED PROJECT FUNDS AT 31 DECEMBER 1990 

N) 

Ford Foundation
Graduate Training
India-Bangladesh 
Research Trainee 
On-Farm Research 

W o rksh o p 
On-Farm Research 

Publicaticn 
CIDA 

Southern Africa AFRENA 
GTZMPT Germplasm 

Fellowships 

SIDAField Station 
Fellowship-Audiovisual 
Fellowship-Special Studies 
Agroforestry for 

Development in KenyaMacro D&D-Ethiopia
Associate Expert (1) 
Curriculum Development
Associate Expert (2) 
Publications 

SARECICRAF/Zambia 

Agroforestry Research 
USAIDEastern and Central AfricaAFRENA 

ICRAF/OSU/IITA 

MPT Evaluation 

Balan1ce at 
1.1.1990 

22860 
160277 

31 109 
18611 

-

51 137 

110026 
-

47267 
19363 
16585 

136685 

-
-
-
-
-

170767 

-

74517 

IncomeReceived 
1990 

19 000 
-

-
26000 

28000 

894 524 

273372 
-

310 006 
-

101 954 

-
11 82E 
55695 
58 772 
55695 
44 437 

244536 

798 177 

-

IncomeAccrued 
1990 

-
-
-
-

-

51 047 

-
1 996 

-
-
-

-

-
-
-
-
-

-

192 639 

-

TotalAvailable 
1990. 

41 860 
160 277 

31 109 
44611 

28000 

996 708 

383398 
1 996 

357 273 
19363 

118539 

136685 
11 828 
55695 
58 772 
55695 
44 437 

415303 

990 816 

74517 

Personnel 
Cost 

27658 
35900 

4781 
-

9380 

693 468 

135826 
1 200 

153 252 
7321 

62206 

82024 
6800 

10500 
4 392 

10500 
-

112494 

499 020 

6622 

Supplies
and 

Services 

-
36443 

47 
8567 

231 

201 274 

94107 
65 

53998 
12042 
18433 

9351 
1 484 

13215 
22 641 
12712 
24 200 

68541 

345 736 

5331 

Travel 

36949 
633 

21 436 

-

74 892 

45794 
731 

2840 
-

15820 

141 
3545 
4250 

31 739 
3452 

-

12216 

81 400 

18938 

Fixed 
Assets 

-
-

1067 
-

-

-

27 074 

3552 
-

90337 

-

-

-
1 225 

-
3098 

-

38781 

64660 

21 000 

Total 
Expenditure Balance 

27658 14202 
109 292 50985 

E.528 24581 
30003 146080 0 3 1 0 

9611 18389 

996708 0 

279279 104119 

1 996 0 

300 427 56846 
19363 0 
96459 22080 

91516 45169 
11 828 0 
29190 26505 
58 772 0 
29762 25933 
24200 20237 

232032 183271 

990 816 0 

51 891 22626 
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ANALYSIS OF RESTRICTED PROJECT FUNDS AT 31 DECEMBER 1990, CONTINUED
 

Balance at 
1.1.1990 

Income 
Received 

1990 

Income 
Accrued 

1990 

Total 
Available 

1990 
Personnel 

Cost 

Supplies
and 

Services Travel 
Fixed 

Assets 
Total 

Expenditure Balance 

-n 

IDRC W. 
IRA/ICRAF--Cameroon 
Humid Lowlands-Ghana 
Technician Training Course 

The Netherlands-DSO 
ICRAF/DSO Training Co,,rse 

1990 
ICRAF/DSO Training Course 

-
-
-

-

-

114790 
33300 
56445 

160 799 

-

-
-
-

-

1440 

114790 
33300 
56445 

150 799 

1 440 

50908 
16 000 
6200 

45825 

1 200 

31 653 
1 350 

15 145 

13668 

240 

16158 
8429 

20484 

101 306 

--

16071 
-

14 616 

-

-

114790 
25779 
56445 

160 799 

1440 

0 
7521 

0 

0 

0 

U) 

CD 
3 
(D 

1991 0n 
IFAD 0 

SALWA 
AIDAB 

76 972 500 000 - 576 972 248 821 38 653 250 084 -- 537 558 39414 

GrevilleaRobusta 
Workshop 

Rockefeller Foundation 

- 42411 - 42411 5000 11 853 19016 - 35869 6542 
O 

On-Farm Research 297749 - 34149 331 898 191 706 57189 21041 61 962 331 898 0 
Switzerland 

Associate Expert 32 275 45 467 - 77 742 43 466 14 246 - - 57 712 20 030 
Camcroon 

Associate Expert - 73788 - 73 788 43490 12300 - - 55 790 17998 
Rwanda 

NORAD 
Agroforestry in Arid Areas - 162 202 - 162 202 77442 25410 266 6 708 109 826 52376 
OTHERS 

Strategy 2000 - 53 495 - 53 495 22 898 10 223 20 374 - 53 495 0 
Consultant - 43260 - 43260 37647 4912 701 - 43260 0 

TOTAL 1266 200 4 207 953 281 271 5 755 4.'A 2653 947 1 165 259 812 635 350 151 4 981 993 773 431 
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Acronyms and Abbreviations 

AASE: African Association of Science Editors lbadan. Nigeria)

ACIAR: 
 Australian Centre for Inlternational Agricultural Research (Canberra. Australia)

ADII: Asian )evelopnient Bank (Manila, The Philippines,

AFNETA: Alley Faming Network for Tropical Africa (Ibadan. Nigeria)

AFRENA: Agroforestry Research Networks for Africa (coordinated from ICRAF)

A(;RICOLA: 
 l)atabase of Ile National Agricultural Library (lBeltsville. Maryland, USA)A(R IS: iltern ational Infformation System for lie Agricultu ral Sciences .aid Technology (Rome. Italy)

AGRITEX: Agricultural Tcchnical Extension Services (Ilarare, Zimbabw e)

AlI)Al: Aust raiiaul International IDevelopment Assistance Bureau 
 Canlberra. Australia)
ANAFE: African '- 'work for Agroforestry Education (coordinated trom ICRAF)
BARC: Bangladesh Agricu ltu ral Research Council (Dacca. Bangladesh)

BARI: Bangladesh Agricullural Research Institute (Jovdebpur. Bangladesh)

B.MZ: Bundesministerilni foir Wi:ischalf'liche ZusamnI]enarbeit/German Ministry for Economic
 

Cooperation (Bonn. FRG)
 
B.Sc.: Bachelor of Science
 
CAIl: CAB International (Wallingford, U.K.)

CARIS: Current Agricultural Research lniformation System (Rone. Italy)

CASAWAC: Committee for Agroforestry, Soil and Water Conservation (larare. Zimbabwe)

C'ATIE: Centro Agron6mico Tropical dc Invesligaci6n y Ensefianza (Turrialba, Costa Rica)

CD-ROM: compict disk-read-only memory

CDS/IS1S: Comptterized Documentation System/Integrated Set of Information Systems
CGIAR: Consultative Group on International Agricultural Research (Washington. D.C.. USA)

CIARL: Compact International Agricultural Research Library (Washington. D.C., USA)

CIDA: Canadian International Development Agency (lull. Quebec. Canada)
 
cm: centimetre
 
CSIRO: Commonwealth Scientific and Industrial Research Organization (Canberra, Australia)

D&I): Diagnosis and design
 
IAP: di-anm1oniunn phosphate

I)M: dry matter
 
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)

FRG: Federal Republic of Germany
 
g: grain(;'Z: Gesellschat' fir Technische Zusamtnenarbeit/Geriiati Agency for Technical Cooperation

(Eschborn. FRG) 
ha: hectare
 
HQ: headqu,arters
 
IBRI): International Bank for Reconstruction and Development (World Bank) (Washington, D.C..
 

USA)
IBSRAM: International Board for Soil Research and Management (Bangkhen. Bangkok, Thailand)

ICAR: Indian Council of Agricultural Research (New Delhi, India)

ICIPE: International Centre of Insect Physiology and Ecology (Nairobi. Kenya)

ICRAF: International Council for Research in/. .oforestry (Nairobi, Kenya)

ICRISAT: Intemnational Crops Research Institute for the Semi-arid Tropics (Hyderabad. India)

IDRC: International Development Research Centre (Ottawa, Canada)

IFAI): International Fund for Agricultural Development (Rome, Italy)

IFS: International Foundation for Science (Stockholn. Sweden)

IIAL): International Association of Agricultural Information Specialists (Wageningen,


The Netherlands) 
lIBC: Intern:ational Institute of Biological Control (Ascot, UK)
lITA: International Institute of Tropical Agriculture (lbadan. Nigeria)
ILCA: International Livestock Centre for Africa (Addis Ababa, Ethiopia)
INFOTERRA: International Referral System for Sources of Environmental Infornation, United 

Nations Environment Programme (Nairobi, Kenya)
INRAN: Institu: national de recherches agronomiques du Niger (Niamey, Niger) 
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= Acronyms and Abbreviations 

INSAH: InstiltlLdu Sahel (Banmko,Mali)
 
IRA: Institut de la recherche agronotnique (Yaotnd., Cameroon)
 
IRAZ: Institut de recherche agronomique et ,.ootechnique (Gitega. Burundi)
 
IIRNR: Innlittlte of Renewable Natur:A Resources (Kumasi. Ghana)
 
IRRI: hnimational Rice Research Institute (Los Bafios. Philippines)
 
IRZ: Institut de recherches zootec iniq ties (IYaoundc. Cameroon)
 
ISABU: Ihnstiut dLes sciences agrolonliques du Burundi (3u.iunlbura. Burundi)
 
ISAR: Institut tLies sciences agronom iques du Rwanda (Butare. R Landa)
 
ISNAR: Intcrnational Service for National Agricultura I Research (The IHague. Netherlands)
 
ISRA: Institui n-nSalais de recherches agricoles (Dakar. Seneg:'
 
ITE: Institute of Terrestrial Ecology (Cambridge. UK)
 
.11 'A: Japa'I International Cooperation Agency (Tokyo, Japan)
 
K: polassiumll 
KA RL: Kenya Agricultural Research Instuilte (Naiobi. Kenya)
 
KEFRI: Kenya Forcstry Research Institute (Mtguga. Kenya)
 
KENG(): Kenya -nergv and Environment Organization, (Nairobi. Kenya)
 
kg: kilogram
 
ksi: kilometre
 
III:metre 
MII)P: Machakos Integrated )evelopment Project (Machakos, Kenya)
 
mm: millimetre
 
MPT: iniltipurpose tree
 
IMPTS: multiptrpose tree and shrub 

M.Sc.: Master of Science 
N. nitrocen
 
NDFRC: National Dryland Farming R'search Centre (Katumani. Kenya)
 
NFTA: Nitrogen Fixing Tree Association (Waimanolo. Hawaii. USA)
 
NGO: Non- overnmental organization
 
NORAD: Norwegian Agency for International Development (Oslo. Norway)
 
()AU: Organization of Africai Unity (Addis Ababa, Eith iopia)
 
OSU: Oregon Stale University (Corvallis. Oregon. USA)
 
P: phosphortis 
Ph.).: Doctor ol Philosophy
 
SACCA R: Southern African Centre for Cooperation in Agricultural Research (Gaborotne, Botswana)
 
SAI)CC: Sotithern African Development Coordination Conference (Gabarone. Botswana)
 
SAFGRAI): Consultative Advisory Committee on Semi-arid Food Grains Research and Development
 

(Ouagadougot.. Burkina Faso) 
SALWA: Semi-arid Lowlands of West Africa (AFRENA programme) 
SAREC: Sw~edish Agency for Research Cooperation with Developing Countries (Stockholm. Sweden) 
SCUAF: Soil Changes Under Agroforestry 
SI): Selective dissemination of information 
SIDA: Sw edish International Development Authority (Stockholh. Sweden) 
sq: square 
t:tonne (metric)
 
TARO: Tanzania Aericultural Research Oroanization (Dar-es-SIi aamn. Tanzania)
 
TAC: Technical Advisory Committee, CGIAR (Rome. Italy)
 
UK: United Kingdom
 
UNEP: United Nations Environment Programme (Nairobi. Kenya)
 
UNESCO: United Nations Educational, Scientiftic and Cultural Organization (Paris. France)
 
USA: United States of America
 
USAJI): United States Agency for International Development (Washington. D.C.. USA)
 
US'I': University of Science and Technology (Kumasi. Ghana)
 
WARDA: West African Rice Development Association (Bouak. C6tv d'lvoire)
 
wt: %keight
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Board of Trustees 

Members 
Chairman 	 Professor H.A. Steppler (Canada)
Vice Chairman Mr S.N. Muturi (until May 1990) (Kenya)
 

Dr R. Mupawose (from May 1990) (Zimbabwe)
 
Professor G.T. Castillo (The Phillipines)
 
Dr R. Cummings (USA)
 
DrG. Holmes (UK)
 
Dril. McWilliam (Australia)
 
Dr M. Singh (India)
 
Dr M. Tour6 (Senegal)

Professor F.J. SchmithUscn (F R Germany)


Director-General Dr B. LLnd' _n (Swedeti) ex-officio
 
Secretary 
 Mr D.M. Sickelmore (UK) ex-officio 

Meetings during 1990 
20th Programme Committee meeting: 29-30 April

13th Executive and Finance Committee meeting: 30 April

IstAudit Committee meeting: 30 April

17th Board of Trustees meeting: 3-4 May

2I th Programme Coimmittee meeting: 3-4 October
 
I th Board of TrUst'cs meeting: 6 October
 

Board decisions in 1990 
* 	 The Board appointed a Search Committee chaired by Dr Holmes to identify a ,1hort lisi ofcandidates for the post of Director-General, to replace Dr Lundgren who will resign in 1991." The Board reacted positively to an invitation for ICRAF to become a member of the


Consultative Group on International Agricultural Research (CGIA').

" The Board discussed and approved ICRAF's Pr-gramme of Work for 1990.
" The Board discussed and approved ICRAF's Srategy to the Year 2000. 
" The Audit Committee established its terms of rL: 2rence. 
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Addresses
 
Headquarters 

ICRAF House 
United Nations Avenue 
P.O. Box 30677 

Nairobi. Kenya 

Telephone: (254-2) 521450 

Telex: 22048 ICRAF
 
FAX: 521001
 
Cable: ICRAF 

E-mail. CG1236 


Field Station 

Machakos Field Station 
P.O. Box 953
 
Machakos. Kenya 

Telephone: (254-0145) 21343 


Collaborative Research Sites 

IRA/ICRAF Agroforestry Research Project 
B.P. Box 2123 

Yaounde, Cameroon 

Telephone: (237) 232644
 
Telex: 1140 KN Yaounde 


ISABU/ICRAF Agroforestry Research 
Project 

B.P. 173 

Gitega, Burundi 

Telephone: (257-40) 2314 

Telex: 3000 iiDl
 

SADCC/ICRAF Agroforestry Research 
Project 

Makoka Agricultural Research Station 
P.O. Box 134 

Zomba, Malawi 

Telephone: (265) 534277
 
Telex: 44017 (ICRAF Malawi) 

FA,X: 523058 Zomba 


Malawi ICRAF Agroforestry Research 
Project 

P.O. Box 31188
 
Lilongwe 3. Malawi
 
Telephone: (265) 767222
 
Telex: 43055 (ROCKFND MI)
 
FAX: 731014
 

SADCC/ICRAF Agroforestry Research 
Project 

Chalimbana Agricultural Research Station 
P.B. CH 8
 
Lusaka, Zambia
 
Telephone: (260) 251854/253008
 
Telex: 43950 AGRIM ZA
 

Zambia ICRAF Agroforestry Research 
Project 

c/o Provincial Agriculture Office
 
(Eastern Province)
 

Provident House
 
P.O. Box 510046
 
Chipata, Zambia
 
Telephone: (260-62) 21433/21264
 
Telex: ZA 63020 Chipata
 

SADCC/ICRAF Agroforestry Research 
Project 

c/o TARO, Tumbi 
P.O. Box 306
 
Tabora, Tanzania
 
Telephone: (062) 2431
 
Telex: 47071
 

Uganda ICRAF Agroforestry Research 
Project 

P.O. Box 311
 
Kabale, Uganda
 
Telephone: 360 Kabale
 
Telex: 68032 KBUB Pub TIx
 

Rwanda ICRAF Agroforestry Research 
Project 

c/o ISAR 
Ddpartement Forestier 
B.P. 617
 
Ruhande. Butare, Rwanda
 
Telephone: (250) 30912
 
Telex: 22604 PUB BTE RW
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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 


ICRAF/OSU/IITA Multipurpose-tree 
Project 

IITA 
Oyo Road 
P.M.B. 5320 

Ibadan, Nigeria 

Telephone: (234-22)400300 

Telex: 31417 (TROPIB NG)
 

KEFRI/KARI/ICRAF Agroforestry 
Research Programme 

P.O. Box 25199
 
Kisumu (Otonglo), Kenya 

Telephone: (254-035) 51245 


IiCRAF Annual Report 1990 --

Bankers 

Citibank N.A. 
International Private Banking Division 
399 Park Avenue 
New York, N.Y. 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 SWIWOBT, UK
 

Auditors 

Coopers and Lybrand 
Certified Public Accountants 
P.O. Box 30158
 
Nairobi, Kenya
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