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liT A Research Guide 48 

Improvement of soil fertility 
and weed suppression through 
legume-based technologies 

Objectives. This guide is intended to enable you to: 

• analyse the role of legu mes in farming systems; 
• determine crite ri a for characterization of target 

zones and technologies; 
• characterize target zones; 
• characterize legu me-based technologies; 
• match target zones and technologies; 
• analyse gender implications for on-farm testing. 

Sbldy materials 

• Color slides showing problems in different farm­
ing systems, as described in Section l. 

• Samples of leguminous plants . 
• Farmers' fi e lds. 

Practicals 

• Select a farming system in your area. Determine 
the most relevant cri te ria for cha racterizing the 
tar get zone. Cha racterize promising legume op­
tions and select the most appropriate ones. Describe 
how the legume options may fit into the target zone, 
cons idering gender implications . 
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Questions 

1 Why are farmers in West and Central Africa con­
fronted with intensification of land use? 

2 With what problems do farmers have t o cope because 
of land pressure? 

3 Why do legumes currently present the best potential 
to maintain soil qualities? 

4 How can legumes be integrated into existing crop­
ping systems? 

5 What is presently the most important task with re­
spect to legume technologies? 

6 Why did technologies developed on-station often 
fail to fit farmers ' needs? 

7 What steps are required to match promising tech­
nologies with diverse farming systems? 

8 What factors have a major influence -on the appro­
priateness of legume technologies? 

9 Where are labor-intensive legume syst ems likely 
to be rejected? 

10 What benefits can legumes contribute to the farm? 
11 How can you characterize climatic zones based on 

rainfall ? 
12 How can you characterize market access? 
13 How can you acquire the necessary information for 

a complete characterization of target zones? 
14 Where can you obtain information on legume 

species? 
15 At what stages should you integrate gender consid­

erations into the procedure? 
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UTA Research Guide 48 

Improvement of soil fertility 
and weed suppression through 
legume-based technologies 

1 Role of legumes in farming systems 
2 Criteria for characterization 
3 Characterizing target wnes 
4 Characterizing legume-based technologies 
5 Matching wnes and technologies 
6 Gender implications for on-farm testing 
7 Bibliography 
8 Suggestions for trainers 
9 COMBS members 

Abstract_ Increasing populations in West and Centra l 
Africa leads to intens ifi cation of land use a nd reduced 
fallow pe riods. Agri cultural intensification in turn, 
results in degradation of soil fertiljty, erosion , s pread 
of diseases , pests and weeds. Leguminous plants, inte­
grated into eristing cropping systems, currently offer 
the best potential to overcome constraints. The Collabo­
rative group on Maize- Based Sys tems Research 
(COMBS ), through on-fa rm resea rch , t ri es to match 
available technologies with a diversity of farming sys­
tems. This document is based on present experiences. 
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1 Role of legumes in farming systems 

Farm ers In West and Central Africa a re confronted 
w,th Intensification of land use a nd reduced fall ow pe­
ri ods, because of increasi ng population . This phe­
nom('non howeve r. varic~ from country to country , be­
twee n zones within the ~a l1l c cQunlric:'. and eve n from 
fa rme r to fa rm er. 

Fa rm l' rs in the de ri ved sa vannas of ~outh t'rn R£'nin 
R<'public. fo r exampl e, havt· to cope with la nd scarc ity. 
degradmg soi l fertility , spread of wl~('d~ and inaccessi· 
ble Inputs. like fe rtilizer or herbicidl's . In the northern 
glllne [t sava nn a of Ni ge ri a. farmr rs a re cunfrnnlC'd 
w,th th e dl'gradat lOn of soi l. physica l a nd chem,ca l 
prope rt ies in inte nsified ce rc.:d -based cropping sy~­

lems. using s ubsidi zed fe rtili zer and abandoning th l' 
fall ow period totally . In the mid-a ltitude" of Canwroun. 
crops a rc planted on origi na lly rich. volcanic s;oils that 
are degrading because of acute lan d pr(' ~su rl'. e ros ion 
and lack of practices for soi l fert ility mainte na nce. 

Additi onally , ce rea l-s peci fic pe<t s pec ie" within the 
pa rasitic weed complex uf Striga. or cerea l nematodes 
ca n inc rease to maj or constraints . 

Farmers expe rie nce simi la r bas ic prob lems of soil fe r­
tility mainte nance and decreas ing la nd prod uctivity 
und e r div e rse eco logica l and economi c co nditions . 
They need technologies whi ch ca n he lp to ameliorate 
proble ms . Resea rche rs wh o have app rec iated these 
problems as majo r constraints to susta inab le crop pro­
duction, have deve loped a ra nge of tec hn ologica l op­
tions a nd a re making increased efforts to take the long 
term ma inte na nce of crop productivi ty into conside ra­
t ion . 
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Leguminous plants currently present the best potential 
to contribute significantly to the maintenance of nitro­
gen levels, organic matter content and physical proper­
ties of soils in intensified cereal-based cropping sys­
tems. Legumes like cowpea and groundnut play impor­
tant roles in many areas of West and Central Africa as 
sources of food and feed. 

Other species like pigeon-pea or Dolichos lablab that 
give food grain and fodder are less widely spread. The 
use of legumes like Mucuna spp., Cratolaria spp. or 
Aeschynomene spp. is hardly known to farmers, al­
though extensive research activities on-station show 
contributions of these legumes to the productivity of ce­
real-based systems. 

Legumes can be integrated into existing cropping sys­
tems as cover crops, live-mulch, fodder, or food crops, 
and the integration may be achieved through alley 
farming, planted fallow, or multiple cropping systems. 
The most important task at present is to identify the 
most relevant legume technology for each target zone 
and to encourage farmers to test and eventually adopt 
them. 

COMBS developed the outlined approach to technology 
targeting in order to support farming systems research­
ers in their efforts to identify the most appropriate 
legume-based technologies for soil fertility improve­
ment and weed suppression in their mandate areas. 
Too often, the technologies developed on-station failed 
to fit farmers' needs because of improper targeting. 
The synchronized characterization and targeting as 
presented here contribute considerably to the definition 
of recommendation domains for testing legume-based 
technologies on-farm. 
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COMBS is at present developing a database on the most 
promising legumes, which is a prerequisite for the se­
lection of the most appropriate technologies out of all 
available options . At the same time, farmer-participa­
tive fi eld work is ongoing in order to test and further 
develop our concept of the decision process and match it 
with the farmers' perceptions. 

On-farm research tries to match the diversity of pro­
mising available technologies with the diversity of 
farming systems in a mandate area in order to identifY 
the most appropriate technologies for each target zone. 
Recommendation domains are defined on the basis of 
such efforts . For this process, four steps are required. 

The first step requires the definition of criteria which 
are most relevant for characterizing target zones and 
technologies (Section 2). The criteria should be rele­
vant and easy to use for the differentiation of zones and 
technologies . 

The second step involves ecological and socioeconomic 
characterization of target zones and farming systems 
(Section 3). Diagnostic methodologies for the descrip­
tion of target zones and farming systems have been de­
scribed extensively. Multi-disciplinary teams identify 
and divide the area into zones, stratifY farms into ho­
mogenous groups and prioritize the major crop­
ping/farming systems. However, data are rarely used 
for progressively defining research and recommenda­
tion domains according to the prevalent constraints 
and the most promising technologies . The technique 
described in Section 3 guides researchers in using in­
formation from diagnostic surveys for the definition of 
recommendation domains for legume-based technolo­
gies. 
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The third step requires the agronomic and economic 
characterization' of technologies (Section 4). Methods 
for analysis of cropping systems and on-farm experi­
mentation have been adequately described by agrono­
mists and are being used for practical on-farm work. 
The conceptualization of the on-farm experiments into 
a framework of technology characterization according 
to its major constraints to acceptability and its major 
contributions needs further efforts. Section 4 describes 
such an approach for leguminous crops. 

The fourth step which is the identification of the most 
appropriate legume cropping system for the improve­
ment of soil fertility and weed suppression, requires a 
synchronized characterization of target zones/farming 
systems and technologies (Section 5). Both have to be 
matched together to identify the most appropriate species 
in a target zone. 

9 



2 Crl..,f. for ch8r.cterlutlon 

The biophysical (soils, climate, topography, vegetation, 
etc.) and socioeconomic (land, labor, capital, human) 
factors in the geographical mandate area have to be 
identified and characterized, as these factors have a 
major influence on the appropriateness of the different 
technologies. For example, legume species have speci­
fic adaptations to climate and soil, and labor-intensive 
legume cropping systems are likely to be rejected where 
labor is scarce. 

Factors in the overall farming system that might be 
significantly influenced by the introduction of legume 
options should be identified and characterized . 
Legume options can contribute food, nitrogen, organic 
matter, fodder, firewood or soil cover to the farm . 
Farmers respond to these contributions differently, 
based on specific needs and constraints experienced on 
their farm . For example, palatable legumes can be 
used for fodder, if livestock is an important component 
of the farming system; food legumes Hke soybean may 
be attractive in areas close to major markets. 

In the overall analysis, the characteristics of a target 
zone i.e . the biophysical , and socioeconomic con­
straints and opportunities have to be matched with the 
necessary information about technologies. COMBS is 
using this approach in its work on leguminous crops. It 
selected parameters according to the present state of 
knowledge from on-farm work in the West and Central 
African sub-region. New criteria will be added as on­
farm experimentation progresses. 

The following description refers to Table 1, which lists 
a definition of criteria for target zone characterization 
and their relevance to technology characterization for 
the integration of legumes into farming systems. 
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Ecological conditions and adaptation of species. 
Parameters 1 and 2 (climatic zone and altitude) are 
general biophysical characteristics of target sites. 
Only legume species that are adapted to these conditions 
should be selected for these sites. The following 6 
parameters (3-8) characterize soil related constraints of 
acidity, fertility degradation, water logging, erosion 
and compaction. 

Tbe occurrence of bush-fires and residue burning has 
been included here as a soil management factor. 
Characteristics mentioned above may be related to 
parent material, topography, land scarcity and lack of 
fertilizers resulting in wide-spread problems o.f soil 
acidity, erosion or degradation. However, they may be 
field specific as well, relating to crop and individual 
farm management or micro habitat differences. 

Tbe same target site is therefore often heterogeneous for 
these characteristics, and it is in such cases more 
appropriate to develop on-farm testing on the basis of 
recommendation domains with target sites that are 
representative of such characteristics rather than for 
geographically defined areas. The legumes to be 
selected for each of them should not only be adapted to 
the constraints of the sites as for example soil acidity or 
soil compaction, but should also contribute to reducing 
or overcoming these constraints. 

Requirements of a site and potential contributions of 
species. Parameters 9-13 characterize sites in their 
agricultural produce requirements and their major bi­
otic constraints. Legumes can contribute directly 
through food grains, (cowpea, soybean, pigeon pea, ... ), 
fodder, (Aeschynomene spp.,Centrosema spp., Dolichos 
spp., ... ) or wood, (Gliricidia spp., Cassia spp., ... ) to the 

11 



availability of scarce and marketable farm products . 
They may also contribute indirectly to the productivity 
of other crops by reducing biotic constraints like cover 
crops for weed control or trap crops for parasites. Any 
legume introduced into a system should not be an addi­
tional host of already existing soil-related pests. 

System description and integration. The last eight pa­
rameters (14-21) describe the socioeconomic environ­
ment of the sites and agronomic niches in the present 
cropping system. These characteristics are related 
more to the system of legume integration, for example 
throu gh planted fallow rotation or relay planting of a 
food legume, than to the legume species. 

System description and integration allows for identifi­
cat ion of the most promising ways of how the legume 
species selected through parameters 1-13 could be inte­
grated into the prevai ling farming system. The most 
promising specics and method of integration should 
then be tested in the recommendation domain. Farm­
ers ' participation is an essential requirement during 
the on-farm experimentation phase. 
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3 Characterizing target zones 

The criteria specified in Table 1 give a framework for 
the subsequent characterization of a specific target 
zone. The necessary information for a complete char­
acterization of target zones may come from secondary 
sources, (e.g. climate, altitude, soil characteristics ... ), 
from previous work (e.g. fodder needs, pests, weeds, la­
bor ... ), or may require some additional diagnostic 
work on site. 

The selection of villages that are representative for a 
sufficiently large target zone is a crucial step during 
this process . Heterogeneity in farming systems or 
between fields have to be taken into account and may 
require the de.finition of target farming systems along 
recommendation domains . 

In Table 2, four sites have been listed as examples, ac­
cording to the presently available information. The 
sites are examples of target zone characterization for 
defining constraints and opportunities in the integra­
tion of legumes into the farming system. Sites 1 and 2 
are both located in similar ecological conditions, 
although soils are more degraded in Site 2. 

The major difference between the two sites is in the 
~ocioeconomic environment: land and labor are 
valued higher in Site 1 than in Site 2; and material 
inputs, cash and new skills are more difficult to access 
in Site 2. 

There is no niche available in the sorghumlgroundnut 
system, but the maize/sorghum system gives a late sea­
son niche in Site 1 and the sorghum/cowpea system 
gives an early season niche in Site 2. 
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Sites 3 and 4 are both located in the forest savanna 
transition zone. However, land use intensity is much 
higher in Site 3 than in Site 4, because of differences in 
population density and market access between the sites. 
As material inputs are scarce in Site 3 and moderately 
accessible in Site 4, soils are more degraded in Site 3. 
The reduced productivity of the major food crop maize, 
makes it possible to introduce legumes into the system. 

Even labor-intensive technologies may be acceptable in 
Site 3, as labor is moderately available. 
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4 Characterizing . legume-based technologies 

Information is available from the literature on the 
characterization of the more common legume species . 
The establishment of databanks to compile this infor­
mation is in progress and will indicate the most urgent 
gaps of knowledge. Any field trial on these species 
should attempt to contribute to the completion and con­
firmation of the data banks. The susceptibility of the 
species to specific pests or vice versa, their contribution 
to reducing soil-borne constraints need more research . 

Six species were characterized in Table 3 according to 
available information. Only criteria 1-13 were taken 
into account, as these are most related to the morphology 
and physiology of the species. Mucuna pruriens for ex­
ample is adapted to the humid and subhumid tropical 
lowlands. It performs well on neutral to slightly acid 
soils, which can be of low fertility, but should not be 
water logging. 

Pueraria mucunoides prefers a more humid environ­
ment in the tropical lowlands, but it can grow on acid 
soils of very low fertility even under temporary water 
logging conditions. 

Cajanus cajan and Glycine max are the only two 
species in Table 3 that contribute grain for human con­
sumption, while Mucuna andDesmodium produce fod­
der for livestock. 

Criteria 14-21 are determined more by the system of 
legume integration than by the species. Table 4 gives 
examples for this last step of characterization. Diffe­
rent planted fallow systems are compared to a rotation 
of multiple food crops. Land and labor requirements 
vary widely between these systems. 
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Land-demanding systems like a planted fallow rota­
tion are likely to be rejected in land-scarce areas, 
whereas labor-intensive systems like alley cropping 
will probably not be accepted in areas of low population 
density and high labor prices. 
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5 Matching zones and technologies 

COMBS is presently working on developing a concept 
for selecting the most promising legume technology. A 
computerized program is under development to guide 
the decision making process . The program has infor­
mation on over 100 species stored in a database similar 
to Table 3 . 

First, the ecologically most adapted species are select­
ed. Characteristics 1-8 in Table 1 are used to select the 
ecologically most adapted species according to the tar­
get site which is characterized according to these crite­
ria as shown in Table 2. The more restrictive the con­
ditions, the less the number of species available, where­
as a wide choice of species is available in favorable eco­
logical conditions . 

The selection of the most contributing species comes 
next. Characteristics 9-13 (Table 1) specify the criteria 
for selecting species that contribute most to the farming 
system according to the requirements of the target site 
as shown in Table 2. The lower the resource endow­
ment of the farming system, and the higher the com­
plexity of weed and pest constraints, the more difficult it 
will be to find a legume species which meets the multi­
ple needs and constraints of the farmers . 

Then, the selection of the most appropriate system of 
legume integration has to be made . Characteristics 14--
21 (Table 1) indicate socioeconomic and agronomic 
niches, opportunities and limitations for the integra­
tion of legumes into the farming system. Target sites 
have to be characterized again according to these crite­
ria as shown in Table 2. There may be different options 
according to the socioeconomic strata of farmers 
selected or the time frame of our projections. This is a 
complex step which still requires considerable research 
and insight into the target area . 
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In the last step, selected species/systems have to be inte­
grated into a design of a legume technology most appro­
priate for the recommendation domain. Any species 
that has been selected in Step 1 as being ecologically 
adapted, as well as in Step 2 as contributing most to the 
farming system, is potentially useful. 

The agronomic design for the integration of these 
species into the farming system should be done accord­
ing to the systems selected in Step 3. The information 
given in characteristic 21 (niches in the cropping sys­
tem) guides this process. Farmers' perceptions about 
crops and crop associations are an important element 
for the adoption. Diagnostic trials, where farmers are 
exposed to different options increase farmers' partici­
pation in the decision process. 
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8 Gender Implications for on-' •. 'III testing 

Researchers on farming systems are becoming 
increasingly aware of the differences which exist in 
many areas between the role women and men play in 
agricultural production and the overall household ac­
tivities. Access to the resources for and benefits from 
production ia not the same for all members of a house­
hold. Activities in crop and livestock production, 
especially the sharing of time and labor between the 
different household members should be looked into. 

Labor profiles for men and women are available for 
many areas, although they have not often been used for 
on-farm research planning. The access and control of 
resources like land, animal and machine power, in­
puts or hired labor may be different between household 
members. Control and access to benefits are important 
incentives for an individual to adopt a certain technolo­
gy. Although some household members may contribute 
considerably to the production of a crop, they may have 
little control over the benefits. Such differences may 
lead to differences in perception about an improved 
technology or may have unpredictable effects on some 
members of the household. 

Gender analysis has become the commonly accepted 
term for determining gender roles and intra- and 
inter-household dynamics within farming systems 
and applying tbat analysis to decisions about agricul­
tural research and development activities. Though 
households can be disaggregated in several ways, 
gender has proved to be a particularly useful method. 

As different legume-based technologies have been 
characterized for their requirements and their contri­
butions according to Table 1, the most promising op­
tions should be tested for their implications for the dif-
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ferent members of the household. Table 5 gives exam­
ples of the relevance of gender variables in each step of 
the characterization and selection procedure. It should 
be integrated into the early stages of the procedure and 
the most promising options tested for differential effects 
on household members. 
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8 Suggestions for ir.lners 

If you use this Research Guide in training ... 

Generally: 

• Distribute handouts (including this Research 
Guide) to trainees one or several days before your 
presentation, or distribute them at the end of the 
presentation . 

• Do not distribute handouts at the beginning of a pre­
sentation, otherwise trainees will read instead of 
listen to you. 

• Ask trainees not to take notes, but to pay full atten­
tion to the training activity. Assure them that your 
handouts (and this Research Guide) contain all rel­
evant information. 

• Keep your training activities practical. Reduce the­
ory to the minimum that is necessary to understand 
the practical exercises. 

• Use the questions on page 4 (or a selection of ques­
tions) for examinations (quizzes, periodical tests, 
etc .). Allow consultation of handouts and books 
during examinations. 

• Promote interaction of trainees. Allow questions, 
but do not deviate from the subject. 

• Respect the time allotted . 

49 



Specifically: 

• Ask trainees about their experiences with regard to 
the content of this Research Guide as listed on page 5 
00 minutes). 

• Present the content of this Research Guide, using 
slides and samples of leguminous plants (1 1/2 
hours). Discuss the tables included in the document 
with the help of overhead transparencies (copy the 
tables transparencies with a photocopier). 

• Conduct the practical suggested on page 3 in groups 
(1 day). You may refer to methods of surveying be­
fore going to the field (see section 7: Bibliography). 
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Inlem.-tonal 1,.lIlule of Tropice.l Agriculture 
In.litut InterOilUonal d·agrlcultur. Iropk:ale 
Inalifulo InlemadonaJ de Agricullura Tropical 

(IITAI 
( IITAI 
(liT AI 

The IntematiotYl IMlnut. 01 Tropical Agriculture (lfTA) is WI int&ma· 
IionM agrlaJ'urel reNWt:IJ c.nt. in the ConaJ'aI;ve GttN,f) on Int.",.· 
tionM Agrlcvlrural ReNal'Ch (CGIAR). which Js ." .. ociallon of about 
50 count';'.. int.,.".tionaJ .nd regional orpanizatlons. and private 
lountMIions. IITA ..... to ~ agricultural produalon in a sust';" ­
.tHe _yo in onJ.r to Improva lha nutritional .,alus and wall-being 01 
".". in tropical sub-s.M,." Nne.. To acN.va this goal. IITA con· 
duds r .... ch and training. ~ inlor",. tion. coIIads and exchangtls 
g«mplasm. and .ncoutag •• tr",sf.,- 01 technology. in parfnership with 
Nnc.n Mllional agricultural tWfIaI'Ch and de~. · p: IlMt programs. 

L '/nstftul ;nlernal;o".1 d'agricunure IrOlJica/e (IITA est un centre 
InIl1tN11iona/ de rechercIte a(Jrloole au sefn du G~ oonsu"aI' poor la 
rach~ .~ /nt.mallona'" (GCRAI) . una auodalion f'fIgroupanl 
qu.Jqw 50 1M". organiNtlioM intllffllllionaJes et regionales .t fondations 
prlvHs. L 'IIT A v.ut aocrolfr. durablemflnt Ia prodUC1JOn ag"cole. afin 
d'am~orar 'MItn.,,'alion ., ,. bien·.tr. dfI. population. • rAfrique 
t~ .l./IbN!~. Povr anaintk. c.r ob;.ctl. L 'IITA met". dfts 
adMl" de ~ IIf de lonnalion. fournil de rin/onnalion. rtiunif .t 
-.g. du m_ ~ .. ~ ,. ,reno/wI de r.chnoIog •• on 
coI.txxalion afMC In progt'antmH Mllionaux ""rica" de rflChlJrchtl fit 
dIfI '" r ,,.,.. 

o Institulo Int~acionaJ de Agricultura Trop;c.J (IITA) ,; um elmlro 
inlamacionM de in .... Iga"" agtlccla /»f1MtC«1do ao Gn.J>o Consultivo 
para In\I'HI~ Agr1coJa InlamacionM (GeIAI). uma &UocJ~o da 
oat'ca da 50 pai .... otgattiu¢as intamaciOfJltls • rflgional$ a tundst;6lls 
prlv~. 0 IITA procura aument .. duravem.nt. a prod~o agrlco/.a 
para melhorar a allmttnf~ • 0 bam,"'ar .. popula¢tts de Alnc. 
tropical .0 sui do s./Jara. Para ~r ... objIIfJII'O. 0 IITA conduz 
aclivid.ada de in~I;g.,*, • t~o. 10fNit» Infonna¢. .. f8t.iM e 
troca ",..riaI gantifico • lavot'fK» a lTaMlfrincia ,. ,~ en cola· 
bora~o com a. program .. MeIon./s a1rtca~ • ;nll.sliga~o e 
deNnvolvim'-"'o. 


