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Introduction 

This, the third issue of IITA Research, reflects IITA's 
continuing and active commitment to twogoals that are 
vitally important to Africa: ensuring that adequate food 
is produced and sustaining the fragile natural resource 
base, depleted by intensified production. 

Important in sustaining and improving food produc-
tion is an analytical framework for asses: ing the suit-
ability of different systems of crop and resource man-
agement, within either present or potential reach of 
farmers in the region. An interdisciplinary study that 
assesses the soil erosion effects of various land-use 
systems is included herein, as is another study that 
discusses soil physical properties as affected by alley 
cropping. Studies such ac these incrementally provide 
the knowledge base that is needed for improvements to 
be effective in each agroecological zone. 

Yet another priority is improving the quality traits of 
crops within our mandate, for their adaptation to dif-
ferent cropping systems and to varied uses. The article 
on developing dual-purpose cowpea lines exemplifies 
this aspect. 

Nature always manages to stay at least one step ahead 
of Man. Constant in all crop improvement efforts is the 
continuing need to understand the constraints imposed 
on crop production by diseases, weeds, and insect pests, 
so that reliable control methods can be developed to 
arrest the losses in food production caused by such 
pests. IITA's documentation of the role played by 
iepidopterous maize borers in Nigeria exemplies such 
efforts, and the information is now being used to evolve 
a holistic approach to contro damage to maize produc-
tion by borers and othe" pests. 

Also covered in this issueare news and views relating to 
F,'1,'
role in research efforts to help Africa fee" itself 
adequately into the future. Reported here are meetings, 
workshops, training, publications, and other professional 
activities, all of which improve communication among 
scientists committed to Africa's well-being. 

Your feedback continues to be welcome, especially if 
you are located in an African institution. Let us share 
our research experience for common benefit. 

L.Brader 
Director General 
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Economic analysis of soil erosion effects in alley cropping, 
no-till, and bush fallow systems in southwestern Nigeria* 

S.K. Ehui1 , B.T. Kang, and D.S.C. Spencer 
Resource management scientists2, IITA, Ibadan, Nigeria 

The plight of Africa, wltn itG Increasing population, declining per capita food 
production, and a relatively fragile resource base, has added an urgency to the 
worldwide concem forsustalrtble agriculture. Alternative soil and cropmanagement
systems are being evaluated to determine their suitability. The Interdisciplinary 
study reported here used a capital budgeting approach to pinpoint the options 
available for some farmlng situations Intropical Africa. 

Introduction 
Shiftingcultivation is typical oftraditional 
agricultural systems in tropical Africa. 
Farmers fell and bum the fallow vegeta-
tion, cultivate the cleared Iand (typically I 
to 3years) and then abandon the site (from 
4 to 20 years), to forest or bush cover 
(Sanchez 1976; Kang et al. 1985). Until 
recently, enough arable land was availab!e 
to use land in this way. Today, however, 
due to increasing population, tallow per-
ods have decreased, leading to more in-
tensive cultivation of marginal land and 
the c:earing of forest lands for agriculture 
(Lai tt al. 1986; EI-Ashry and Ram 1987). 
A major consequence has been increased 
soil erosion from cropland, resulting in 
decliningsoii fertilityandlowercropyields 
(Kang e. al. 1985) from the loss of soil 
organic matter and nutrients contained in 
the eroded sediments. Soil productivity 
also declines further as the erosion rcduces 
both the depth of the root zone and the 
soil's moisture-holding capacity (Lal and 
Kang 1982; Lal 1985). 

The Intemational Institute of Tropical 
Agriculture (IITA) has concentrated its 
research efforts over the past two decades 
on developing sustainable soii manage-
ment technologies, which enhance tood 
production and preserve the natural re-
source base. The most promising land-use 
systems are alley cropping and no-till 

farming(Verinumbectal. 1984; Lal 1986). 
Alley cropping is an agroforesty system in 
whichffoodcropsaregrowninalleysformed 
by hedgerows of trees o; shrubs. The trees 
or shrubs are periodically pruned during 
the cropping season to prevent shading and 
reduce competition with food crops in the 

use of natural resources (Kanget al. 1985). 
In no-till systems, disturbance of the soil is 
kept to a minimum and crops are seeded 
through the residue of a previous crop or 
through sod without plowing. Herbicides 
are used to control weeds. Both systems 
control soil erosion and maintain Foil fer-
tility (Kang and Ghuraan 1989). 

Although some economic analyses are 
availableon the viabilityof improved land-
use systems in sub-Saharan Africa (Rain-
tree and Tueray 1980: Hoekstra l)0,2: 
Verinumbe et al. 1984; Ngambeki 1935; 
Sumberg et al. 1987). none of them ac-
counts for the erosion process with its 
resultant long-term impact on costs and 
retums. 

Based on a simui;,tion model, this pa-
per uses a capital budgeting approach to 
determine how those land-management 
technologies compare with each other and 
wvith traditional bush fallow systems in 
southwestern Nigeria, takin- into account 
boththe short-term and long-run impact of 
soil erosion on agricultural productivity 
and profitability. 

The analysis is also conducted under 
two population densityscenarios (high and 
low), which permits us to verify Boserup's 
(1981) hypothesis that there exists a posi-
tive correlation between population den-
sity and agrict, ,ral im . ification. This
studythusdiffe, fro'n previous economic 

analyses ir 'hat i. productivity efic,:' of 
soil erosion and ptopulatitn growth rate are 
assessed, 

Methods 
Five land-management technologies in 
maize productior areevaluated in the study. 

They are (1-2) continuous alley cropping 
systems with leucaena (Leucaena 
leucocephala) hedgerows planted at 2-m 
and 4-m intervals, (3) continuous ao-till 
system, andl(4-5) two traditional bush fal­
low systems with 25% and 50% farming 
intensities. The 25% land-use intensity 
system is represented by a 3-year crop­
ping, 9-year fallow system, and the 50% 
farming intensity system by a3-yearcrop­
ping, 3-year fallow system. Maize is cho­
sen because (i) it is commonil, grown in 
southwestern Nigeria, and (ii) although 
numerous variations in land-use systems 
are possible, nto!,t results from agronomic 
trials so far have been obtained with maize 
asafoodcrop(La 1986;KangandGhuman 
1989). 

Capital budgeting model 
The model proposed here estimates the net 
present value at tile end of the current crop 
yearof the privatecosts and benefits accru­
ing during a relevant time horizon from 
choosing an improved soil-conserving 
system (e.g., alley cropping) over the ero­
sivetraditionalpracticeofshiftingcultiva­
tion. Virtually all economists agree (at 
least in theory) that farmers' erosion con­
trol practices are based on their estimates 
'f)the net present value of their investment 
(Seitz and Swanson 1980; ErvinandErvin
1982). The argument contends that any 

soil erosion that lowers productivity low­
ers future returns to the land. Therefore, 
farmers will adopt aconservation practice 
if the rate of return to capital invested 
exceeds the opportunity cost of capital. 
This requires at aminimum that the costs 
of the practice now be less than the present 
value of the benefits. The present value of 

* A condensed and adapted version of an article that was originally published inAgriulturalSv.oens incremental net returns (PVINR) from in­
34: 349-368 (t9X)). Reproduced by permissien of Elsevier Science Publishers Ltd., Ei,61and. vesting in the improved practice over a 

1. Present address: International Livestock Centre for Africa, P.O. Box 5689,',ddisAbaba, Ethiopia. T-year planning horizon can be. written as: 
2. First and third authors are economists; ihe second author, asoil scientist. 
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erosive practices, respectively. Cumula- It thus reflects any increase (saving) in 
PVINR (h, - R, ) ft' rive soil loss Z, and Z', are explicit argu- operating inputs (e.g., labor, chemical or 

+ 	PASVrfi"-' (I) mentsinyieldfunctionsbecausecropyield material costs) front tie new technology. 
in any year is affected by the depth of the The last term, pfiT/.1-3 IPT IY (ZT) - Y 

where R, and R, are the net returns per soil ;eniaining and the available technol- (ZT)l- lC'--Crl isaterminalvalue, which 
hectare in year t for the with and without ogy (Lal 1981; Walker 1982). We assume reflects tie discounted value of all incre­
new technoiogy scenarios, respectively; P yields decline with increases in cumulative mental returns to be realized beyond T-I. 
denotes the discount factor and is equal to erosion. This is attributable to nutrient 
(l+r)-lwhoreristhediscountrate;pisthe losses and decreasing levels of organic Data sources and construction 
expected percentage ofchange in salvage matter through eros,on (Young 1986: Lal To determine the elfects ofsoil erosion on 
value (i.e, terminal nct worth) to be re- 1986).Becauseproductivitylossincreases net returns over time arid under different 
ceived by the farmer at the end of the with cumulative soil loss, the economic tallow management systems, data on the 
planning horizon. If p < I. the fanner will oicentive for using an erosive practice de- relevant variables were collected and 
not receive the full benefits of the salvage creases asefosion proceeds. P', is the price simulated (where appropriate) for condi­
value. This is expected because of the of crop in year t: C, and C', jenotc the tions prevailing in southwestern Nigeria. 
imperfect land market which prevails (Ega variable costs of crop produlion with awl 
1985). The assumption thatp= I would be without the soil management tectmology Soil loss. Rates of soil erosion under the 
naive, indicating a perfectly functioning in year 1. respectively. dtfferent fallow-management sys! imswere 
land and capital market wi.h buyers of Substituting fer R, and ',in equatioft ca!culatedovera213-yearplanninghorizonR


farmland having sufficient information (I) gives (after rearranging terms). using the SCUAF (Soil Changes Under 
about the land tiey I;u.'hase (Ervin and r I Agro-Forestry) simulation model (Young 
Mill 1985). Thus, ASVT is the change in PVIAtR =p {P,IY(Z,) - Y(Z;i et al. 1987), in combination with soil ero­
the salvage value brought about by the ,., sion rates measured in field trials at IITA, 
new technology and is calculated as: + IC;- C,;I.,"+ ,ol/I -ll Ibadan (southwestern Nigeria). 

., + I& IY(Z,) - Y(Z',)I + IC; - ClI 1 (5) Cumulative annual soil loss was plot-
AS, = y(R, - R,)3 (2) ted over time for the five fallow-manage-

The right-hand side of equation 15) is ment systems described (Fig. I). The soil 
AssumingthatR,andR',stayconstantaftert composed of three parts. The first brack- is amoderately sloped sandy Oxic paleus­
= T(thescctorbeirg thus forced into steady cied term, PtY(Z)-Y(ZI 3'is thepresent talf type, witha mean slopegradientof 7%. 
state), the infinite horizon model can be va!ue of the yield tifferential between the Initial soil loss nates used in the simulation 
converted into a finite horizon equivalent improved (soil-conserving) and erosive model were collected from the field trials 
bygivinga weightofflT(I-fl)to thechange systems. This expression will be positive just mentioned. They are estimated at 0.43 
in the salvage ,alue. WhenPlVINR>0, lhe (negative) if the :;oi1-conserving system tha-iforno-tiltfat ming,0.17t ha-iforalley 
farmer would gain from choosing the soil- gives higher (lower) yields. The second fanning with 2-m iterhedgerow spacing, 
conservingsystein. However, whenPVINR componentfl IC, - CJ] measures the net and 0.82 t ha- I for that with 4-m spacing 
<0, the fannerwould have the incentive to cost of adopting the conservation practice. (Kang and Ghuiman 1989). An initial soil 
continue mining the soil by using the tradi­

erosive pracice. In this case, a Cumulative soil erosion rates (t ha-)
tional 

subsidy at least equal to the PVINR may b.
 
necessary to override the private advan- 0-- Bush fallow
 
tage of using the erosive practice (Walker (3-yr cropping in 6-yr circle)
 

and Young 1986). 	 20 0 0 Bush fallow 
The central feature of equation (1) is (3-yr cropping in 12-yr circle) 

the specification of the net return function, 10 V--- V No till 
R, and R'1. Both are defined as price times 16 
yield less tie variable costs of production: x- x 4m-alley cropping14 

R,= P,Y(Z,)-C, (3) 12 7 v 2m-alley cropping 

R; =P,Y(Z; )-,. 	 (4) 11 
" 8 

In equations(3)and(-, Y(Z,) is the crop 6 0 
yield function with a .oil conserving sys- 4V 
tem, and Y(Zt) the same withut it. They 4 -v 
are assumed to depend upon cumulative 2 0O* 0O 

soil loss 
4-I t I 

Z,= d, and Z',= d 0 2 4 6 8 10 12 14 16 18 20 
Index of year 

where d.aid drdenote the amount of top- Figure 1. Predicted cumulative soil loss under five land-use systems for an Oxic 
soil lost in year t, for the conservation and Paleustalf In southwestern Nigeria. 

2 	 IITA R s chJ No. 3 September 1991 



- --- ---- 

loss rate of 1.53 t ha-I was used under the cropping with 2-m spacing, and 3.17 for 
bush fallow systems, based on experimen- that with 4-m spacing. For the traditional 
tal data reported in IITA (1985). bush fallow systems, an initial yield level 

of2.27tha-' was chosen, based on results 
Crop yields. Maize yieldover the 20-year of filled controlled plots without alley 
planning horizon was determined, based cropping (Kang and Ghuman 1989). This 
on the predicted cumulative soil erosion is a reasonable approximation as maize 
loss described above. The appropriate yields under traditional conditions range 
function rehting maize yield to cumula- between 1.0 and 2.0 t ha-I (Mutsaers et al. 
tivesoil loss(i.e..fora sandy Oxicpaleustalf 1937; Oyo North ADP 1989). 
with a7% slope under southwestern Nige-
rian conditions) was obtained from Lal Crop price and production costs. The 
(1981): crop price was set at 0.59Naira(N)perkg 

(in 1988, US $1 = N 5.(X)on average). This 
R2Yj = 6.70 exp (-0.003 Zj) = 0.89 (6) was the average farm-gite maize price 

observed during the 1988 peak harvest 
where Z,denotes cu,.ulative soil lo!,.; rates period (June, July, and Auguso in lbadan, 
in year t. Nig- .,a. Estimates of total, arLble costs 

Using equation (6), maize yield levels per hectare for each fallo. management 
tinder the five land-use systems were system were as reported in 'I able I. 
calculated for the base case, with yields Annual labor requirenents for maize 
expressed over the land occupied by the production under the alternative fallow 
maize crop only (Fig. 2). Initial yield management systems were based on 
levels (t ha-1 ) collected from field trials in Ngambeki (1985). With 50% f,',-ming in-
Ibadan were 2.40 for no-till, 3.45 for alley tensity, 82 man-days are required for the 

Maize yield (t ha l )to 

0 Bush fallow (3-yr cropping in 6-yr circle) 

O-O Bush fallow (3-yr cropping in 12-yr circle) 

- No till 
-- 4m-alley cropping 

2m-alley cropping 
3-5 3.5 -- - V -, -,-- ­ . 

3.3 

3.1 ....... v 


2.9 

2.7 

2.5 

7,V P 0 
2.3-v 

0 - ­-0 0 O O'0 0 ,0 0 0 
,v 

2.1 0-0 0 0 0* 
1 21 1vage 

0 
0 2 4 6 8 10 12 14 16 18 20 

traditional fallow management system with 
3years of fallow. In the 4-m alley cropping 
system, annual labor use is increased by 
53% by the requirement for hedgerow 
p.'uning. In no-till, total labor use is re­
duced by 35% because of lower weeding 
requirementsduetothcherbicidesapplied. 
In the 2-m alley cropping system, total 
labor required is assumed to increase by 
87% because of the pruning required by the 
increased number of leucaena hedgerows. 
We estimated that in the 2-m alley crop­
ping system, 33% of the land is occupied 
by trees, compared to 20% in the 4-m alley 
croppir.g system. In the traditional fallow 
systems with 9 years of fallow, total labor 
required was assumed to decrease by 30% 
because of the low incidence of weed in­
festation. Labor costs per hectare for all 
lani-use systems were calculated using a 
wage rate of N 7.5 per man-day, based on 
the prevailing minimum wage. 

Because bush fallow and shifting 2gri. 
culture require more frequent landclearing 
than the continuous alley cropping and no­

till systems, it is important for comparison 
account for thecostof'clearing land. The 

latter was calculated based on an estimatedI(1) man-days of required labor to clear 

onehectareofhighbushfallow(O,oNorth 
ADP 1989). Assuming that all cropped 
lands were equally forested initially, land 
clearing cost in cacti system was imputed 

annually by allocating the requiied total 
labor cost linearly over 20 years. 

Results and Discussion 

Assuming the farmer has been using the 
traditional shifting cultivation system with 
a 50% farming intensity, the income ef­
fects of soil erosion under alternative fal­
low management systems were assessed 
by computing the present value of incre­
mental net returns (PVINR, see equation I) 
over a 20-year planning horizon (see Fig. 
3, where the values reported are for the 
base case Iscenario II). A discount rate of 

10% was used, based on the World Bank's 
estimate of the opportunity cost of capital 
for Nigeria (IBRD 1987). The opportunity 
cost of land is assumed to be limited, 
reflecting the case of a low population
density. Assuming the fanner does not 

receive anything front tie change in sal­
value (i.e., p =0), the traditional bush 

fallow system with a 251", faning inten­
sit)' isfound to Itc the most profitah!e. with 

Index of year a P%INR of N 2547 ha- I .followed by the 
4-rn alley cropping (N 1755), the no-till 

Figure 2. Projected maize yields esa function of cumulative soil losses for five land- system (N 1712), and the 2-rn alley crop­
use systems over 20 years for an OxIc Paleustalf In southwestern Nigeria. ping (N 1373 ha-I). We estimate that an-
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1 "Table 1. Estimated annual average costs (Naira ha " a 1 ) of maize production no-till and the 2-rn alley cropping systems 
under alternative land-use systems, southwestern Nigeria, 1980. follow closely, with a PINR of N 7334 

and N 6995 ha-1. As expected, the 12-year 
.to t Bcycle bush fallow system yields the lowest 

3-yr cropping 3-yr cropping incremental return, with aPVINR oflN-35 I 
Inputs 2m-alley 4m-alley No-till in 6-year cycle in12-yearcycle ha-i. Thus, as land value rises, the returns 

14.8 14.8 14.8 14.8 14.8 to investment in soil-cotsering systemsMaize 
Herbicides -150.0 - - (especially the 4-m alley cropping and the 
User costsa no-till systems) increase. Therefore, we 

(equipment & tools) 73.7 737 139.3 73.7 73.7 expect the 4-n- alley system or the no-till 
Labor costs 1096.6 906.4 398.8 615.( 430.5 cropping to be most attractive in areas with 
Imputed land relatively high population density. 

caering cost 37.5 37.5 37.5 150.0 75.0 To evaluate the effects of different 
Capital costs valuatioits of future incorn, by fakinerson 

(imputed at 10%) 112.3 103.2 74.01 85.4 59.4 the profitability ofaltemat,, (allow man-
Total 1341.9 1135.6 814.4 938.9 653.4 agement systems, sensitivity nalysis with 

respect to ahigher discount r,,te (35%) was 

(a) The user costs of the farm tools and equipment are computed based ott the capital recovery conducted. The impact of this on PVNIR 
factor fonula : was noticeably different for the low and 

A = PVlI/( I- I+r-)-l high population density scenarios (Fig. 5). 

where A isthe annualized cost of capital item; PV is the present value of the capital item defined As expected, the higherdiscount rate tends 

as the purchase price or less the present worth of its future salvage value: t isthe estimated lifespan to reduce the profitabilily of soil-conserving 
of the capital item; and r isthe discount rate. A 10% discount is used for the base case, which is fallow management systems, compared to 
ba;ed ott the oppotunity cost of capital for Nigeria (IBRD 1987). the more erosive 6-year cycle bush fallow 

system. That the no-till becomes more 
profitable than the4-m alley cropping under 

Naira ha-1 	 a high discount rate scenario can be at­
where land is abundant and access to new tributed to the establishment cost of the 

4m-alley cropping forest land is 'costless', the attractiveness alley cropping system. It takes up to 2 
4000 - 2m-alley cropping of soil-conserving technologies, such as 

No-till alley cropping or no-till, is limited corn-
Bush fallow pared to bush fallow systems with long Naira ha 1 

(3-yr cropping in 12-yr cycle) fallow periods (e.g.. 9 yeari). This rein- = 4m-alley cropping 
3000 	 forces the argument that in land-abundant M 2m-alley cropping 

countries, strategies based on area expan- M No-till 
sion are the lowest-cost sources of growth Bush fallow 
(Pitigali and Binswanger 1988). (3yr cropping in 12yr-cycle) 

2000 Note from Figure 3 that the PVINR 
from switching to any of the fallow roan- 8000 
agement systems increases as the amount 
of the salvage value the famev expects to 6000 

1000 receive increases.
 
A second scenario takes into account 40C0
 

the effect of land scarcity (Fig. 4). Under
 
S ihigh population density, the opportunity 2000
 

P = 0 p = 0.5 p =1.0 cost of land is expected to rise, reflecting 
Figure 3. Per hectare present volue increasing shortages of arable land. To 0 
(discount rate= 109/) ofincremental net account for this, maize yields in shifting 
returns from four alternative land-use cultivation systems were discounted in -2000 
systems, as comparerl to a bush fallow proportion to the iotaland that is out of P 0 p= 0.5 P =1.0 
system using 3-year cropping In a 6- production (i.e., fallowed and). As ex- Figure 4. Per hectare present value 
year cycle. No yield penalties are Im­
posed, reflecting the conditions of low pected, these yield penalties reduce the (discount rate = 10%) of Incremental net 
population density. p denotes the ex- current profit advantage of the 12-y,ar returns from four alternative land-use 
pected percent change In terminal net cycle bush fallow system. Despite its rela- systems, as compared to a bush fallow 
worth to be received by the farmer. lively low cost of production, the long-run system using 3-year cropping In a 6­

yield gains from topsoil conservation with 	 year cycle. Penalties are Imposed on 
now yields In the bush fallow system in

nal laborcosts must decrease by at least the 12-year cycle bush fallow are w proportiontolandoccupiedbythebush 
10% for the4-m and 12% for the 2-m alley insufficient to offset the handi'ap of direct fallow, reflecting the conditions of high 
cropping for them to be competitive with yield penalty. The 4-m alley cropping population density. p denotes the ex­
the 12-year cycle bush-fallow system, if system now yields the highest incremental pected percent change In terminal net 

1other factors remain equal. Therefore, 	 return, with aPVINR of N 7377 ha- . The worth to be received by the farmer. 
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(3 
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2000Inlla 

1000 

0rt 
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Scenario 1 Scenario 2 
Figure 5. Impacts of a higher discount 
rate (35%) on the per hectare present 
value of incremental net returns from 
four alternative land-use systems, as 
comparedtoa bushfallowsystem using 
3-year cropping in a 6-year cycle. In 
Scenario 1, yields are expressed over 
the area occupied by the maize crop 
only. Scenario 2 represents the condi-
tions of high population density; pen-
alties are imposed on yields in the bush 
fallow systems, In proportion.o the land 
in fallow. 

easbeiI an b it cait be e. 
years sitrtnhb,r,an ,, 'll b petedSInltllth Kang cI al.It9XS; Mttvsaers 

and Spencer 1988). 
These retlts li iirtintosrp ,(1981 ) 

hypot lhesis that there exists a posilive cor-

relation helI een itensity oi land use and 

. nt isthat
popu lation del si l The arg l llt 
l'orgiven a gr[cinlati:ciitndititlns. increases 

in popiulatiin dien ,ityw ill gradu ally mo ve 
the agricuftural systetm lrotl lforest fallo , 

to an nua l cu ltiv atio t. Thtus intensive cIl-

tivation iifpenranentl fields inthe frtier, 
using labor-dett1aldi1g technolgies(isuch 
ashe4-i alley cropping) trexternallp~ 
demanding technologies (suh ts tie tl-

dindystetin t echones tile (It) ly hen ­
tillsystem)f, becn11 flhelornionly when 
arable land is exihausted (Pingali and 
Binswanger 1988). It can, lherefore, be 
conclude, diat where land value rises due 
to land shortages. lannTers with lower dis-
count rates are likely candidaes fr the 
adoption of the 4-nt alley cropping syster 

compared to the no-till.
For those fa-mers 

exhibiting high disceunt rates under high 
population density conditions. research 
should focus on reducing the establisit-
ment cost ofthe 4-n alley cropping system 
to make it competitive with the no-lill 
system. 
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L im itations 
It is useful to quaiil) the cOrnLlusii O-isout-. 

]incd here h1 revie inefie lilttatilln s I 

the study. A'llhotugh it yields sonic ilsiVlt 
about tIIc priducli\ it in is oh ero-ipat iil 
sion. tlhis study des.not pIovide us vs ith 

s ff-ic 11n na n r c ardin, t ,. otilfir ti , 


2 0elial for iittcrratiiof tllernat i cIihal",Il 

eeul~gnitvystetns .. ilhill tie ,.silil-

pro'cesses ii-ol td iliagrictUlltre (.. ni-
t "iiLi "ti"i. Cailabd itie o hgut ilin us 

trees,) as well is 111fnViof" tie IrSliuCir' 
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Evaluation of elite cowpea lines for dual purpose 
(leaf/fodder plus grain)* 

L.S. Akundabwenhl, C. P. Paul, and B.B. Singh2 

Pant breeders, IITA, Ibadan, Nigeria 

Introduction 
Cowpea (Vigna unguiculata (L.) Walp.) is 
an important grain legume of the lowland 
humid tropics and the semi-arid areas 
(Rachie and Roberts 1974). In Africa, it is 
widely distributed in cultivated and wild 
forms (Ng and Marechal 1984). In the 
West African savannas and the Sahel, 
cowpea is grown because it yields both 
grain for human consumption and haulms 
for animals (Foster and Mundy 1961). In 
eastern Africa, the tender leaves are per-
odically plucked and cooked as aside dish 
to the staple maize meal (Imbamba 1973). 
Thus, not only the grain but cowpea veg-
etative parts also make an important nutri-
lional contribution (Lush 1978). 

Cowpea morphology exhibits large 
variation, including both determinate and 
ine-terminate types (Fery 1984). These 
range fromclimb;ng and spreading todwarf 
and/or erect for-ms. Signiflcant progres 
has been made in breeding detei,;'nate 
erect varieties with high grain yield and 
early maturity (Rachie 1984). Such types 
do not produce many leaves over an ex-

Cowpea, which fits well Into the cropping systems of several parts of Africa, Is also 
a nutritionally important crop. Its grains, eaten by humans, have considerable 
protein; its tender leaves are cooked asa vegetable with cereal diets;and Its haulms 
are used as livestockfeed. Past research has focused on assessingand improving 
cowpea for these multiple traits. This article, based on genetic analysis, points to 
the need for a more specific strategy of dual targete, suchas leaf plus grain or grain 
plus fodder, to suit regional consumption needs. 

tended period. A concern has been raised 
that with such a thrust, fhe tendency may 
be toward the creation of cowpea types 
unsuitable for dual-purpose utilization, 
because cowpea types developed solely 
for grain may not provide the needed high 
fodder or vegetabl leafyields and ground 
cover, 

A systematic effort was initiated at the 
Intemational Institute of Tropical Agri-
culture (IITA) to identify potential dual-
purpose ;arieries, and parents for use in a 
hybridization program devoted to the de-
velopment of dual-purpose germplasm. 

Materials and Methods 
Experiments were conducted at Ill".. 
lbadan, Nigeria, in i985and 1986. lbadan 
islocatedat7O30'Nand3O54'L. Thesite 
lies in the tropical rainforest zone and it is 
characterized by bimodal rainfall, with a 
monthly mean ofabout 160nmm in the first 
growIngseason(April-June),and 150mm 
in the seLc'd (Se,'ember-Jctober). The 
experiment3 were conducted on atropical 

* 	 Slightlyadaptedfromanarticleoriginallypublishedin TropicalAgricuhture(Trinidad)67(2): 
133-136 (1990). Reproduced by permission ofthe rablisher, Butterworth Heinemann Ltd.0 

I. 	 Present address: Dept. of Crop Science, University AfNairobi, Box 30197, Nairobi, Kenya. 
2. 	 Present address: IITA Kan, station, Sabo Bakin Zuwo Road, PMB 3112, Kano. Nigeria. 

Alfisol: 32 advanced breeding lines, pedi­
gree selected over seven generations, were 
evaluated during the first season of 1985; 
24 lines from these were selected and 
evaluated in the second season in the same 
year. The most promising 16 lines were 
again selected from the 24and evaluated in 
the first season of 1986 (weather data foi 
these seasons are given in Table I). 

The study was planted in a split-plot 
design, replicated three times A plot con­
sisted of four rows, each with 20 hills hand­
planted 20 cm apart within the row and 60 
cm between rows. Three seeds per hill 
weie later thinned to tv.o 15 days after 
planting. Three sprays ofdeltamethrin (as 
Decis®) were applied at 25 cc a.i. ha-i, the 
firstjustbeforefloweringandsubsequently 
ai 10-dayintervals,forfullprotection. Plots 
were hanl-weeded to control weeds. 
Leaves were picked following the practice 
normally adopted by farmers in East Af­
rica. The third and fourth leaves from the 
apical bud from all the plaznts in the two 
middle rows were picked. With branches, 
however, the entire apical buds, including 
the third and fourth leaves, were picked. 
Leaves were picked at weekly intervals 
starting at 28 days after planting (DAP). 
Leaf picking comprised the main plots, 
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Table 1. Weather data for the 1985 and 1986 growing seasons at IITA, Ibadan. quent seasons. Leaf-picking (before flow-

Rainfall 
Season/Month Year (mm) 

First !eason 

Apr 	 1985 142.1 
1986 70.8 

May 1985 163.0 
1986 135.8 

Jun 1985 230.0 
1986 136.0 


Second season (1985only) 


Sep 	 302.6 
Oct 	 162.4 
Nov 	 37.1 

with varieties as subplots. Yield compo-
nents, including number of pods plant- 1 , 
seeds pod-1, and 100-seed weight were re-
corded on five plants randomly taken from 
each plot. At the last seed harvest, all 
plants inthe central two rows were cut at 
soil level and 	both fresh and dry forage 
yields determined. Data were analyzed 
using standard ANOVA techniques (Steel
and Torrie 1980. 

Results 

Fresh leaf yield 
Significant differences (P = 0.05) in fresh 
leaf yields were detected amorg the 16 
entries. Total fresh leaf (TFL)yield:.ranged 
from 1.7-6.0t ha- t . An lITA medium-to-
late maturity entry, VITA-3, developed in 
the 1970s ('old line') was the highest yield­
ing. Two others, next in yield-an old line 
Tvx 1948-01 F and a new (1983 selected) 
aphid-resistant entry-gave the next high-
estyields, but they fluctuated seasonally in 
the order of 50% between their highest and 
lowest TFL weights (Table 2). The re-
maining entries, mostly photoperiod-in-
sensitive and early-to-medium in maturity 
(i.e., < 35 days to flower) gave low TFL 
and only 2-3 pickings before flowering. 

Days to flower were positively corre-
lated with days to maturity (r = 0.66, P = 
0.05), which in turn correlated with TFL (r 
= 0.42). However, TFL yields were sig-
nificantly (P = 0.05) but negatively corre-
lated with total pods (r = - 0.29), total 
grain (r = - 0.38) and I(X-seed weight 
(r =-0.48). Generally, lower TFL yields 
were associated with entries flowering 
within 40days. Yields were high with late-
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ering) had no significant effect on the num-
Relative Temperature ('C) her of days taken to flower. 
humidity 

(% Min. Max. Mean (rain and fodder yield 
Leaf-picking (before flowering) had no 
significant effect on grain ard fodderyield. 
Total grain yield was significantly but

73.0 23.6 32.2 27.5 	 negatively correlated with the maturity of 
74.8 20.9 31.9 26.4 entries, whether or not their leaves had 

been picked. 	 Grain yield was, however,79.0 23.0 30.6 26.9 	 significantlyand positively correlated with 
78.3 20.9 31.9 26.4 	 total pod wcight (r = 0.81, P = 0.05). 
80.0 22.6 29.1 29 	 Entries differed significantly in number of 
79.0 	 28.6 30.2 29.4 pods plant-t. seeds pod-', and 100-seed 

weight. 

A median value was used to divide 

81.0 21.4 27.8 24.7 	 entries into four groups: (a) high grain + 
77.0 22.1 29.9 26.)) 	 high leaf/fodder, (b)high grain + low leaf/ 
73.0 	 23.2 31.2 27.3 fodder, (c) low grain + high leaf/fodder,and (d) low grain + low leaf/fodder (Figs. 

I and 2).
flowering genotypes, but they fluctuated 
widely with season (Table 3). Discussion 

Generally, TFL yieldwashighe:,t in the Late flowering and/orindetenrinate growth 
1985 first season, and less in 1986. Also in appeared to be traits characteristic of the 
1985.most lines were delayed in flowering three best leaf-producing genotypes. Al­
by about 5 days compared with the subse- though flowering and indeterminacy are 

Table 2. Total cowpea leaf yield (tha-1)ofthe bestylelding linesof the 16selections. 

Total fresh leaf yield
 
1985 1985 1986
 

Enruy Ist season 2nd season Istseason
 

VITA-3 	 9.3 4.9 3.9 
IT83S-755-1 8.2 2.3 4.7
 
Tvx 1948-11 7.7 4.2 
 2.9 

SE± .73 .37 .22 
LSD (P =0.05) 1.2 .63 .36 
CV(%) 26.6 25.1 16.5 

Table 3. Comparisons In selected linea for initiation of flowering In relation to total 
yields (t ha-1 ) of leaf (TFL), grain, and fodder on leaf-picked plants. 

season 
Dry wt Dy wt Dry wt 

Lines TFL Grain fodder TFL Grain fodder TFL Grain fodder 
I

1985. Ist 1985,2ndseason 1986, Istseason 

Early (30-35 DFF ) 
IT81D-789 2.9 1.8 1.3 - - - 2.1) 1.1 1.0 
iT82E-18 4.4 1.5 1.2 3.7 0.5 1.6 2.9 1.3 1.3 

Medium (35-40 DFF) 

IT83S-672-10 4.1 1.1 1.7 2.6 0.5 5.3 2.1 1.4 1.7
 
IT83S-841 4.2 1.0 2.0 3.0 0.5 2.6 2.0 1.2 1.3
 

Late (>41 DFF) 
Tvx 1948-OfF 7.7 1.5 2.0 4.2 1.1 4.3 3.1) 1.1 1.5 
VITA-3 9.3 0.05 1.4 4.9 0.6 7.2 4.0 (1.6 2.3 
IT83S-755-1 8.2 0.07 1.4 2.3 0.5 4.5 4.7 0.7 2.3 

I. Days to first flower. 
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Figure 1. Grain versus leaf yields of 16 dual-purpose Figure 2. Grain versus fresh fodder yields of 16 dual­
cowpea varieties. purpose cowpea varieties. 

inroderately to highly herita!ble, they are both high grain and high leaf/fodder. When above the leaves because of their poor 
i.irdcr,,separth',teneticcontrol (Fery 19(4). planning a breeding progranm, it might be skeletal (woody) tissue. Consequently. 
-T'heapparent inoisture elfect in the delay easy to assume that good leaf-producing most pods, when produced underneath tie 
offlo, ering durig the first 1ason genotypes v,ould also produce ain accept-of"1985 canopy, might have succurbed to disease 
it,pe;rs to hiave been environmental in able amount of fodder. This rrtay not danage. Clioant'lpora (ucurhitlrumi(Singh 
altuorC,and 110t nCcessarily l0mt pholope- necessarily be so, but the relationship be- aid Allen 1979) adversely affected the 

riodic sensitivity. !n VIlA-3, Tvx 1948- tween the two attributes is definitely not pods of IT83S-755-1 and VITA-3 during 
I1F, and IT83S-755-1, which have inde- negative. There is a likelihood also that in the first season in 1985 when seed yields 
erilinate growth habil, TFL yields ap- superiorleaf.yieldinggenotypes, highgrain were observed to be low. 

peared highly responsive to prolonged pre- yield might be negatively correlated with Hligh grain plus high leaf/fodder yield 
cipitation in lhe 1985 first season. In that high leaf yield. Since late-maturing types potential is a complex trait, and progress 
year, these varieties formed dense stands are likely to be good leafyielders, toexpect can be expected only if tile heritable cot­
and renrained losh until late flowering any positive association with grain yield ponents of the multitrait are well oi.ler­
(during the long rains) of the first but not means that agiven genotype must be able stood. This requires aquantitative studyof 
the :;econd season. It is known that many sufficiently to partition its photosynthate the magnitude of the genotype x environ­
crops mature faster when water is reduced to both the sink (the grain) and the source orent interaction and how it could be 
toward tieendofagrowingseason(Major (i.e., the vegetative component) in equal minimized in genotype assessment and 
1980). Therefore, the most obvious sus- measure. selection for dual-purpose types. Follow­
tained vegetative growth under the abun- Such a genotype is possible, particu- ingthis, anattemptcouldbemadetotrans­
dant moisture supply in 1985 was a re- larlyifthetwotraitsareundermanipulable fer factors responsible for high yield ex­
sponse to environment, possibly attribut- genetic control(s) or the traits are not ad- pression from the high grain but low leaf/ 
able tosome largegenotype x environment versely correlated. Some traditional dual- fodder genot)pes (e.g., IT83S-875) into 
interaction. In improvement efforts, the purpose cowpeas are known to yield ad- the high leaf/fodder but low grain produc­
latter could limit progress in selection for equate grain as well as leaf(Akundabweni, ers (e.g., IT83S-95 I) by crossing (see Figs. 
dual-purpose traits, unpublished data), when fully protected I and 2). Finally, a suitable dual-purpose 

Upper yield limits could be set arbi- from insect pests. It could be assumed, and multitrait !election index might be 
trarily at >5 t ha-t for fresh leaf and > 12 t therefore, that high grain yields and abun- necessary for effective culling of poor 
ha-t for fodder. Only one or two entries dant foliage are not incompatible merits in combinations and segregations in early 
attained these limits (Figs. I and 2). How- a single genotype. In some past yieldtrials generation crosses. 
ever, a multitrait such as high grain plus involving VITA-3, Tvx 1948-01F, and The iesults of this study have revealed 
fodder yield is likely to be difficult to IT83S-755-I,forinstancc,grainyieldshave potentialgrain, leaf, andfodderyieldsand 
incorporate into a single genotype of a appeared promising. their interaction in arange ofcowpea vaft­
short-to-medium growing season. From Thenegativecorrelationsbetweengrain eties. This information can be used in 
Figures I and 2 it can be observed that Tvx yield and leaf production observed in this guiding an ongoing br-eding program to 
1948-01F was in the high grain plus high study could have been due partly to the developdual-purpos-varieties. Inviewof 
leaf ranking category, but not strictly the decumbent habit of some ofthe indetermi- the fact that dual pupose varieties in East 
highest fodder producer as well. Ithad, on nate top leaf-yielding entries. They might Africa are primarily for 'leaf and grain' 
the other hand, the best combination of have been unable to carry all their pods whereas dual-purpose varieties in West 
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Africa are primarily for 'grain and fodder', 
the current breeding strategy is to develop 
two sets of dual-purpose varieties to t;'iit 

these regional preferences. This willalso 
eliminate tileneed for simultaneous selec-
tionfor leaf + grain + fodder yield, which 
is less efficient than selection for leaf + 
grain or grain + fodder. 
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Distribution and species composition of lepidopterous 
maize borers in southern Nigeria* 

N.A. Bosque-Perez and J. H.Mareck 
Entomologist and plant breeder, IITA, Ibadan, Nigeria 

Maize Is an Important source of food and feed In many parts of Africa. It Is the 
primary staple and a major source of calories for half the population of sub-Saharan 
Africa. Past research-such as the study reported here-has shown lepidopterous 
stem borers to be Important Insect pests on the crop, causing major yield losses, 
especially on late-planted or 'second-season' maize. Based on the data gathered, 
a control strategy is being developed that will integrate host plant resistance with 
biological control agents and improved agronomic practices. 

Introduction 
Stem borers are among the economically 
most important pests of maize in Africa. 
Four borers cause significant yield loss: 

the maize stalk borer. Busseola f.isca 
Fuller (Lepidoptera: Nocluidae); the pink 
stalk bor'r, Sesania calawistis liannpson 
(Lepidoplera: Noctuidae); the African sugar 
cane borer. saccharina WalkerElhhdot 
(L,.pidoptera: Pyralidae); and the spotted 
stalk borer, Chilo partellus Swinhoe 
(Lepidoptera: Pyralidae) (Bowden 1954: 
Harris 1962; Appert 1970; Breni~re 1971; 

197 1).Estimated yield losses caused by 
maize borers in Nigeria range from 10 to 
I(X)'/ (Usua 1968a). 

A large proportion of maize inWest 
Africa is grown in the forest zone. The 
rainy season in this lasts 6 -9 monthszone 
(March it)November); in some regiols the 
rains are bilnodal, interrupted by a short. 
unreliable 'August break'. The August 
break divides the rainy season into 'first' 
and 'second' seasons. Maize planted at the 
beginning of the rains is called first season 

Girl ing 1978). Feeding by borer larvae ionmaize, and maize planted after the August 
maize plants usually results in crop losses, 
as a consequence of death of the growing 
point (deadhearts), early leaf senescence, 
reduced translocation, lodging, and direct 
damage to the ears (Appert 1970); Brenitre 

break is referred tolas second season maize. 
Maize stem borers are farmoreabundant it, 
the second than in the first season, ,nd the 
second crop is sometimes acomplete loss 
(Adeyemi eli.1966; Girling 1980). Con-

originally published in Bulletin* Slightly adapted frot an article ofOntmol,'i1a0 R!'seorch 
80: 363-368 (1990). Reproduced by pertission of C-A-B International. 
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sequently, many f(tmiers in the himodal 
rainfall
zone of West Africa do not plant 
second season maize (Tans and Bowden 

I953; IITA 1976). 
The objectives of this study were to 

monitor natural infestations of maize bor­
ers during the second planting season, and 
it)delenine the distribution and relative 
importance ofthe different borerspecies in 
several locations in southern Nigeria. This 
infomation is aprerequisite for the devel­
opment of an intgraled pest management 
program for these insects. 

Materials and Methods 
Experiments were conducted during the 
second planting season at four locations in 
soutlheastern Nigeria in 1985, and attwo 
locations insouthwestern Nigeria in 1986. 
In 1985, trials were planted the first week 
of August atthe following locations: the 

9 

http:tihaniba.SX


high rainfall station of the Intemationa 
Institute of Tropical Agricuilture (IITA) at 
Onne near Port Harcourt. Rivers state; the 
National Cereals Research Institute Sta-
tion at Amakama near Umuahia, Imo state; 
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dissected, and the number of borer larvae 
and pupae per plant determined. The borer 
species were identified by the senior au-
thor, following the keys by Tams and 
Bowden (1952), Brenire (1976), and 
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Figure 1. Locations In Nigeria where trials were carrled out. 

a farmers' field in Sapele, Bendel state; 
and the Diocesan and Development Ser-
vices Research Farm at Idah, Benue state 
(Fig. 1).These locations were chosen to 
represent a wide area withir southeastern 
Nigeria, including forest zone locations 
and a forest-savanna transitional zone lo-
cation (Idah). Two maize hybrids, 8341-6 
and 8338-I ,were planted in fifty 5-m rows 
each at all four locations. The former hy-
brid matures earlierthan thelatter. In 1986, 
trials were planted the second week of 
August in a farmers' field at Alabata and at 
the IITA main station, Ibadan, both in Oyo 
state. Twenty-five 5-m rows of the early-
maturingopen-pollinated varietyTZESR-
W were planted at each location. An early-
maturing variety was chosen for the 1986 
trial because these two locations have a 
shortergrowing season than the 1985 sites. 
All plantings had a spacing of 75 cm be-
tween rows and 25 cm between plants. 
Two seeds per hill were planted, and the 
stand was thinned to one plant per hill 2 
weeks after emergence. Fertilizer was ap-
plied: 300 kg ha-i of NPK (15-15-15) at 
planting, and 170 kg ha- t of calcium am-
monitim nitrate 4 weeks after planting. 
Twenty-five plants per variety per location 
were randomly sampled every 2 weeks, 
Plants were brought into the laboratory, 

Staeubli (1977). The number of damaged 
plants was recorded and when ears were 
present, the number of damaged ears and 
the number of larvae per ear were also 
recorded. In 1986, the number ofMussidia 
nigrivenella Ragonot ('Lepidoptera; 
Pyralidae) eggs was also counted. The ex-
tentof borerdamage oneach sampling date 
in 1986 was assessed by examining the 
dissected plants forpresence of borerdam-
age (as done in 1985) and by additionally 
counting in the entire field the plants that 
showed extemal signs ofdamage 

Results 

1985 Trials 
There were marked differences in the inci-
dence and severity of stem borer attack 
among locations in 1985 (Figs. 2 and 3). 
The peak of oviposition by S. calainstis 
occurred slightly earlier in Umuahia than 
in Onne. Four weeks after planting, the 
percentage of plants with borer damage 
(Fig. 2) and the number of larvae per 25 
plants were higher at Umuahia. Infesta-
tions at Sap'!le and Idah started later, and 4 
weeksafterplantingthe percentageofplants 
with borer damage here was lower than at 
the other two locations. Infestation in-

creased sharply at Onne, with over 80% of 
the plants showing borer damage 6 weeks 
after planting, compared to 50% at Umua­
hia, 22% at Sapele, and Il% at ldah (Fig. 
2). S.calanmistiswas the dominant species 
in all locations up to 8 weeks after planting. 
E. saccharina was first found at Onne at 
this time, and by the end of the season it 
was the most abundant species at all loca­
tions except Umuahia, where S.calamistis 
comprised over 501 of the larvae found 
(Fig. 3). 

By harvest time, almost 100% of the 
sampled at all locations had some 

borer damage (Fig. 2). Numbers of larvae 
were higbei at Sapele and Onne (up to five 
larvae per plant) than at Idah or Uruahia 

to two larvae per plant). The mean 
number of larvae per plant was greatest on 
hybrid 8341-6 (Fig. 3). The distribution of 

saccharina larvae within the plants was 
similarat all locations, with themajorityof 

found in the stems (Tble 1).At 
Sapelt and UmLahia, the majority of S. 
calanistis occurred in the stem; at Idah, 

most of the larvae were found in 
the ears. B. ficwa was found only at Idah, 
where it constituted 2% of the population 
II weeks after planting.Cryptopltlehiasp. 
(Lepidoptera: Oleihreutidae) was found at 
Onne. Idah. and Umuahia, while Coniesta 
(=Acigona) ignefusalis (Hampson) (Lepi­
doptera: Pyralidae) was found at all ioca­
tions. Thesetwospeciesconstitutedarela­
tively minor proportion of the borer popu­
lation (Fig. 3). 

AtSapeleandOnne, alltheearsshowed 
damage. The mean number of larvae per 
ear was highest at Sapele (up to four larvae 
per ear) and lowest at ldah and Umuahia 
(up to one per ear); E. saccharina was the 
predominant borer in the ears at all loca­
tions except Umuahia (Table 2). M. 
nigrivenela, a preharvest pest of maize, 
which infests the ears and continues devel­
oping in storage (Moyal 1988), was found 
at all locations. It was especially abundant 
in Sapele, but at this location it was present 
only in hybrid 8341-6 (Fig. 3). 

1986 Trials 
The percentage of plants with borer dam­
age was higher at Alabata than at IITA. 
Ibadan, at 3 and 5 weeks after planting but 
from 7 weeks after planting onward the 
percentage of maize plants with borer 
damage was lower at Alabata (Fig. 4). By 
harvest time, borer damage was observed 
on 80% of the plants sampled at Alabata, 
and on 92% at Ibadan (Fig. 4). The infesta­
tion with S. calanistis began earlier and 
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Plants with borer damage (%) E.%,u(Ihiimil %ks isrdeftld illbithl
 
locatioIs ,cukss [lie100 	 - 9 at'elpIlling, bill

Idah in idcnlcL a igl.r ii
of thin pest 5,.is alsv ti 
0 8341-6 liT\. tbslaj. As in I18.. thetality (it

A0 	
\ 3. .' i i1 '. 'baiol iAlNl l s t Lr i nih f0 8338 -1 

',,;llIsI V. ,Nec('hdl hl4
(Tlable 3). Up1 ,os.ix 

lardaeper plant %c'rcounl tIweeksa,d~lplaiting 1t Ibadan. ifehighest
t)LLt- IA, 


betfound at any location ill I985 or 1980.
Sapeie ..M, l.u ils the predoulinanl cir 

borer atlAahata tron I I weeks afler plant­
ingonward.,stile M. nig ienis w most 

:tlhundal;l1lIT. ]bldanl (Tabhle 4). At 

0 r-- _ _, _ _, 	 , IITA. Ibadani. 4.,; of the ears were ftond 
100 	 to be infeset \ittAM.nit'iven'lhi eggs or 

Umuahla 	 II larvae 15 \ceks afterplanting: 841/ olthe 
100'[i--i 
 eggs were found attatllcd tie silks. 

[-- II I 	 iiscussion 

Kaulmann ( IITA 1981) described S. 
0 - oriented spe­,hmnisli.u 	 as a ititi ist-area 

-oes' donant insoutheastern Nigeria. i;10 

F Onne 	 fContrast to E ..ovmhorehi referred to as i 
dry area oriented species* dottmitantt in the 

western part ot the country,and observed 
thatthiswas a "defilile pittern intthe 

-- distribution ol'suetlborers of mize".Our 
1 211 12 fitliSdid not con firmt thisalleged distri­bulion pattern. K;tuffmtan's report was 

Weeks after planting 	 based on saminplingsilIolv one(iloCi(u ill 

Figure 2. Percentage of plants of two maize hybrids with borer damage at four easler Nigeria (niualihia ttmuidikC).or ( A
 
locations in southeastern Nigeria, 1985. more detailed sampling regime, which
 

incidecd several locations it southeastern
 
was higter alAlahata that; lITA.ibadan. 	 Nigeria. demonstrated the importancc ofe 
but laler itt tte seasoit tite incidence of this F.sachuIuoiai this species Was ttte dotutl-

Number of larvae insect was similar at both locations Fig. nitt tntai/e orerat the limeotiarvestatal.ll 
160 8338-1 KNA. ignefusalis 5). From 9 weeks aflter 'ianting onward, sites we sampled iiu1985 except ltiahia 

M]Cryptophlebia sp. tie nean number ot borer larvi.-per plat (Tiable 2).The reasons for life viruala -L1M. nigrivenella

120 E. saccharina was higherat IITA. Ibadan than at Alahata. senceofl'.occhria n tiah ik(aI
i-or allTA 

- S. calam stis 

80- _ 3 I Others 	 Table 1. Distribution of Sesamia calamistis and Eldana saccharina larvae in the
 
plant and percentage of ears with larvae in two maize hybrids in southeastern
 
Nigeria, 1985.
 

i'erccnltitee otf l'.ercelageof 'ercenttag of' 
0;Ir_'_i 
 c iII steniI larvae int ars ears rwilh larvae
 

160 8341-6 
 location, 

ald hybrid S.ceilant. Nuauh. . Nuuht. I..suh.LE. S.caluii IE. S. '/unit. 
120 - Sapele 

8338-1 8) 77 20 23 I0 2))
 
8341-6 40 51 60 5)) 1 52 

40 - = I 33-1 40 64 6) 36 00 9) 
i 8341-6 72 84 28 16 67 89 

0
 
Onne Sapele Idah Umuahia 1338-1 14 76 86 24 22 30 

Location 8341-6 43 57 57 43 It) 4I 

t tiuahia 
Figure 3. Species and number of lepi- 8338-1 61 8) 39 2) 22 2 
dopterous larvae per 25 plants in two 8431-6 69 1l0 31 t 44 0 
maize hybrids sampled 12 weeks after 
planting, southeastern Nigeria, 1985. t. Sampling 12 weeks alter planting. except at litah(III eeks). 
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Plants with borer damage (%) 1985) are not clear (Table 2). Absence of 
1 I alternate hosts and/or microc inntic dit­

feretrees might be responsibtle; ttris aspect
] Sampling /Dissection r--- 7 I deserves fluther investigation.

100 Ovabal filicdec 

At IlA. WhitneV (1970) found larvae 

000'B Fisc .-- - 1/:to comprise 4511 oftre la:l[--1 	 popul:ationiln ttrF 	 the stenis ofinaize plants 

0 I the end ofthe first
planting season, while 

IITA, Ibadan :00 	 - E. sac/wrinacotmprisedi 14% and Sesamiaspp. 814,. Usua ( 19681b ) carried out saM1­

plings in Nosember-December 1964 and 
__da--J found 1B.fitsca to be the predominant pest 

ofniaize in the raitniorest of so,.thwestern 
Niera At lie-- htfsl t b,bdn 	 fon 

Of ithe most abundant borer of ntaize from1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Septemberlto Novecmber 1964 and in Sep-

Weeks afterplant',ig 
 tember of 1965 (Usua 1968)). This is in 
Figure 4. Percentage of maize plants with borer damage at two locations In markedcontrast withourfindingssincewe 
southwestern NIgcrla, 1986. observed S.talani.s is and 1:. suactarina 

Table 2. Mean number of larvae per ear and borer species composition in two 	 to be the predominart maize borers at both 

maize hybrids in southeastern Nigeria, 1985. 	 lbadan (in September) and Alabata (in
 
November). In our samplings, '.
 

i l
Species cormpsit r sic4harnira was especially abiudant at
 
I.4cdti Mtean nI. - , IITA. lbadan wilh up to six larvae perplant
 

('r4plh/rlchia 	 ptlieand hyvbridIlarvae/ear E.. ,4'r.5.r/amr. At. ,friv'llt Others- endoflhe growingscason.Theuseof 

sp. minitium illage and growing three crops 
Sapele of ttaize per year inight hrelp explain the
 

8338-I 0.5 71 30 0 0 0 high incidence olthis insect at IITA.lbadan.
 
8341 -6 3.) 27 8 o4 0 1 E.. tlharO/ is known Iosurvive well in
 

Orrie maize stubble (Adever i 1969). The abun­
8338-1 3.I 48 39 I 7 6 dance of E.sacchai at IITA had presvi­
8341-6 2.8 40 28 16 16 0 ously been ,eporled III'A 19801. We did 

Idahl 	 rot find 13./it'a at IITA, lbadan,w hileat 
8338-I 11.9 46 25 21 8 (
 
8341-6 1.2 55 24 18 0 3
 

Unrrualra Number oflarvae
 
8338-1 0.8 4 44 37 15 0 160- Alabaia
 
8341-6 1.) 0 53 3 10 343 0 B.fusca
 

r- 13 M. nigrivenella 
1.Sarpling12 sAeeks alter planting. except atIdah IIweeks). 	 120- f E.saccharina 
2. Includes .t'(,ronriyrrJhi. ili rd t a. 	 S. calamistisIlomrnr lr 
3.Some tarsre dead at time of examilntitr,idteification notcenrain. 	 80 -

Table 3.Distribution of E. saccharina and S. calamistis larvae In maize plants, and I­
percentage of ears with larvae in two locations In southwestern Nigeria, 1986. 40t 

P'ercerrrnra of Percerrrage or" penelrtage of 
larvaein sterr tars aeit cars ears with larvae 0 , - [..

iL rcation
andrh%Irrid rlrrr.in 5. r rlrrr(. 4/4 E.rrrrir. 160- IITA, IbadanS.1r . . .444hr. E .%it(It .rwrr/rn. 

9 W\ II 120H 
IITA. Iladal 66 94 33 6 8 12 
Alabala 5(0 50 50 50 1I0 if 

80It 	WAI' 
IITA. lbadan 14 79 86 21 2(1 52 -] 

Alabata 51 77 51 23 8 16 40 

13 WAP ­

[ITA. Ibadan 80 74 21 26 8 24 0 , , ,i 

Alabata 51 38 50 62 4 32 3 5 7 9 11 13 15 
Weeks after planting

15WAIP 
IlTA. Ibadan 0 97 100 3 44 Figure 5. Species and number of lepl-

Alabata IIW 70 O 3(1 16 dopterous larvae per 25 maize plants at 
two locations In southwestern Nigeria,

I.WAI' = Weeks after planting. 	 1986. 
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Table 4. Mean number of borers per ear and species composition In maize planted Nigeria anid prompted further investiga-
In two locations In southwestern Nigeria, 1986. tions on the impact of'sone oftthese insects 

Species composition (114Ion the yiold of maize. 'Iheresults of these 
Sampling date Mean ne 
and location larvae/ear E. s-,htrina 

9 WAP1 

IITA. lbadan 0.5 25 
Alabata2 

0.3 28.6 
11	WAP 

IITA, lbadan3 1.6 78 
Alabata 0.4 56 

13 WAP 
IITA, lbadan 1.0 32 
Alabata 0.8 85 

15WAP 
IITA.lbadan 3.0 1 

Aiabaa (0.5 62 

1.WAP = Weeks after planting.
2. Iiic.scohl]fi.cu constituted t14',iof larvae found.3. Brcprophlhi sp. constituted 2%of larvae found. 

Alabata this insect was found only at 9 and 
1Iweeks after planting and even then it 
constituted only 29 and 3"4 of the borer 
population, respectively. Ilarris (1962) re-
portedS. calwnistis tobeabundantat lbadan 
and indicated E. scchwrin might occa-
sionally be the most common stem borer of 
maize at the end of the growing season. In 
Ghanta. Leyenaar and Hunter (1977) re-
ported Sesn tiaspp. and E.souharina as 
the most damaging pests of maize inthe 
forest zone, and B. jitsca as the most 
abundant borerin the savanna zone. Similar 
distribution ofborers has been reported by 
Cochereau (1985) in Cote d'ivoire. 

The two methods used to assess the 
percentage of maize plants with borer 
damage in 1986 were compared. in gen-
eral, plant dissection permitted tiledetec-
ion of stem borer damage inalargerhum-


berof samples than counting the numberof 
plants with external signs of damage (Fig. 
4).,At lbadan, the difference in the number 
(fdamaged plants detected byeach method 

was more marked early in tile season (Fig. 
4). This is probably because stein borers 
like S.c'alamistis (the predominant species 
early in tie season in our studies) might be 
damaging plants without leaving extermal 
signs of damage. Later in tileseason, the 
percentage of plants with borer damage 
detected is very similarusingeithermethod. 
This is probably because at that time E. 
sa/ccmarinaisthe most abundant stem borer 
and its presence is easy to detect by time 
frass hanging from tie adult exit holes in
the stein. The results obtained with either 
method would be affect-d by,atnong other 
factors, the little of asst::;sment during the 
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c slter 	 inve.tigations are reported elsewhere 
S. 	 JlanjistisM. nirivella (Bosque Pinrzand Mareck, in press). Thereis a need to develop control practices for 

the major maize stem borers iii WVest Af­
17 58 rica. IITA has been in%olved in 'Jeveloping
28.6 28.6 sources of resistance to S. calboixsi.sand 

E. sa-harina (Bosque-P'rez etal. 1989);
15 5 we believe resistance could be combined 
33 I1 with other control practices to reduce the 

economic !osses experienced by maize 
8 60 fanners. 
15 0 
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Effect of hedgerow species in alley cropping systems 
on surface soil physical properties of an Oxic Paleustalf 
in southwestern Nigeria* 

N.R. "Iulugalle, and B. T. Kang 
Soil scientists, IITA, Ibadan, Nigeria. 

Introduction 
Shiftingcultivationandrelatedbushfallow 
and slash-and-burn cultivation systems 
(I-3 years cropping alternating with 4-10 
years of fallow) continue to be widely 
practiced by smallholder farmers in the 
humid tropics of Africa (Lagemann 1977; 
FAO 1978). Rapid population growth has, 
however, resulted in shortening of the fal-
low period in many areas, with a conse-
quent increase in soil degradation and de-

* Slightly adapted from an a:ticle originally published in Journal of Agricultural Science 

(Cambridge.UK) 114:301-307 (1990). ReproducedbypermissionofCambridgeUniversity 
Press. 

I. Present address: tITA humid forest station, Mbalmayo, Cameroon. 

Sustaining the production base of farming, as well as Increasing Its productivity, 
Involves a study of soil properties in relation to cropping practices/system3. Alley 
cropping, or the growing of tree crops In hedgerows with annual or seasonal food 
crops, has shovn multiple benefits. This article, which reports the long-term 
effects of growing four tree species (two leguminous and two nonleguminous) on 
physical properties of the surrounding soil, finds those effects related to the 
quantity and quality of mulch specific to each tree species. Itforms part of IITA's 
many studies on the role of alley cropping In Improving agriculture in tropical 
Africa. 

cline in crop yield (Lagemann 1977; FAO 
1978). Alley cropping has been proposed 
as an alternative to shifting cultivation, to 
sustain crop production and reduce soil 
degradation (Kanget al.1984, 1990). Al-
icy cropping is the growing of food crops 
in alleys formed by hedgerows of trees or 
shrubs, preferably N-fixing leguminous 
species, that are pruned during the crop 
growing season tominimize shading of the 

food crops. The prunings are used as 
mulch or incorporated as green manure 
(Kang etal.1981, 1984, iN5, 1990). 

Alleycropping results in improvements 
in soil chemical properties and nutrient 
cycling, erosion control, and weed sup­
pression, in addition to providing fodder, 
stakes, and firewood (Kang et al. 1981, 
1984,1985, 1990;KangandGhuman 1989; 
Mwenye 1984; Yamoahetal. 1986; Young 
1986, 1987; Lal 1988). Information is 
sparse on the effects of alley cropping on 
soil physical properties, particularly with 
respect to the effec: of hedgerow species. 
Results from a few studies conducted in 

IITA Researclt No. 3 September 1991 14 

http:Cambridge.UK


southern Nigeria suggest that improve- hedgerowks and application of the prunilgs Table 1. Effect of hedgerow specieb on 
lnents in soil physical pioperties were as mulch in the interhedgerov spaces. particle size distribution (%) in the 3­
greater with Letictiaena Icuoice/ita/a Crops were planted at a i opuatit oOf 0.05 m depth of an Oxic Paleustalf in 
hedgerows than with Gliriiidia spi nin 40,(8lplantslha-. ledge.,iwswerelpruned Ibadan, Nigeria, on 31 January 1989. 
liedgerows(K,, ag andGhunan I 989).and 
that Cassia siamea hedgerovs were better 
than Gliricidia sepim and IFhO ilgiu 
congesta hedgerows (Yamoah et a. I1986). 
Compared with other treatments, alley 
cropping resulted in better soil physical 
properties (Yamoah ci al. 1986; Kang iid 
Ghumi::n 19891. The effects of other 
hedgerow species on soil physical proper-
ties are, however, unknown. This study 
quantified the long-ten effects of alley 
cropping with two N-lixin; leguninous 
speciesand twononleguminous indigenous 
species on the surfaee soil physical proper-
ties of an Oxic Paleustalf in southwestern 
Nigeria. Observations were nlade in ait 
ongoing trial established since 198 1. 

Materials and Methods 
The experiment was conduct J at tie hi-
ternational Ilstitute of Tropical Agricul-
ture OITA)site in lbadan (7 30'N.3°54'') 
in tle forest-savanna mosaic zon. of 
southwestern Nigeria. Mean annual rain-
fall is 1251 nun, vith a bimodal pattern. 
The rains usually coninTieCe in late March 
aid continue until early Noveniber. witi a 
short break during the July-AUgust period. 
The dry season lasts fron November to 
March. 

The soil at the experimental site is i 
clayey, kaolinitic. isohypertliernic Oxic 
Paleustal fofthe Egheda series with asandy 
Ioanl topsoil at. a:1sandy clay subsoil. A 
layer of angular and subangular quarz 
(gravel layer) Occurs at a depth of 0.20-
0.30 it (Moorian et ill. 1975). 

A randomized coniplete block design 
was ised, witlh three replications. There 
were five treatments, consisting of four 
hedgerow species (Lei'caena itc-
c,nhala. Gliricidia sepittm. Ahltoroea 

di, ha, and Aciou harteri) witI 
interhLgerow spacings of4 tn and a con-
trol with no hedgerows. Within hedgerows. 
the plants were spaced at 0.25 m intervals. 
Plot size was 6 x 24 m. All plots received 
fertilizer at a rate of 45 kg N, 20 kg P,and 
20kgKperhectare. Fertilizerwasapplied 
only to the main season (April-July) crop, 
maize (Zea mavs). No fertilizer was ap-
plied to the minor season (August-Octo-
ber) crop, cowpea (Vigna unguicttau 
Walp.). A minimum tillage system was 
used (La1 1987). Preplanting land prepara-
lion was done by spraying 0.5 kg ha-t a.i. 
paraquat, followed by hand pruning of the 
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at 6-8 week intervals during tle crow iing 
season. 

Soil physical m1ieasureillenits v,ere car-
tied oi before and during the maize 
ciopping season of* 1989. Five soil core:i 

(51 fml high and 5 1ml in diatieter) were 
randollly collected froni liel-0.05 i depth 
in all plots oii 31 January itd 6June. They 
were taken to the laboratory and saturated 
by capillarity for48 It. Soil water retention 
at saturation, and at potentials of - 1t kPa. 
- 100 kPa. and - 1500kPa were determined 
using pressureplateapparatusi(Klute 1986). 
Penetrometer resistance in the 0-01.012 fi 
depth was dctermined on tie same cores 
after they had equilibrated at these inois-
ture potentials, as described by IlI lugalIC 
and Rodriguez (1988). Bulk density of the 
cores was detenined after oven drying at 
105'C. Apparent pore-size distribution 
was inferred from tile soil water rL i1tion 
characteristics using tie capillary rise 
equation ./= -2 Urt),. where i//is soil w:ter 
potential. isthe radius of the curvature of 
the interface (i.e.. pore radius). G is the 
surface tension, and p, is the density of 
water (Campbell 1985). Composite soil 
samples taken fron the 11-0.05 indepth of 
.ll plots on 3 1January 1989 vcre airdried, 
ground, aiid passed tlrouglh a 2-nim sieve: 
particle size distribution skias determined 
with the hydrometer nethod (Klute 19861. 
Diurnal lariation in soil temperal tire at a 
depth of 1.05 inwas monitored with mer-
ciry-in-glass bent stei-soi licrmometers 
ott 3 Fehruary, 2March, 4 April, 27 April. 
25 May, and 4 July 1989. Soil water 
content in the 1.02-0.17 i depth adjacent 
to the thermometer was concurrently 
nleasured by graviiietricsanriplingat 14(110 soil bulk density (Mg M- 3) in the 0-0.05 rn 

I'article size (Isnihutiioii 

Ilcdgcro spccies Sant (tliv Sill 

Aith'iiawpdi ,ii 72.) 12. 12.1) 

L.'na 
h'i *, cs,/alh 76.11 12.7 11.3 

Acioa hatteri1 76.0 12.7 I1.3 
Cotirol /4.7 12.7 12.6 

+ StF 1.84 0.7-1 0.92 

:Iudies, which inficate that soil erosion 
n tes ald, hence, los,'es of tile line soil 
component (silt + clay) are lower wih 
alley c.,pping (Lal 1988; Ki:ng and 
Ghunian 1989). Exposure of the clay-rich 
subsoil with the higher erosion rates in the 
control, however, may nave resulted in 
similar values of sanl, silt, and clay con­
lents (Lal 19761. 

Soil bulk density. Bulk density in the 1­
1.05 indepth was not significantlyaffected 
by date of sampling (Table 2). Bulk den­
sity averaged over both dates of samipling 
was lowest with L. hncmove/ltola, and 
highest in the control (11< 0.05). This may 
have been due to addition if large aiiournts 
of*L. hmi ocelhal pruntings as mulch and 
lhe absence of suchadditions in the control 

(Table 3). Mulchitg is known to inprove 
soil physical properties (Lal 1987). Bulk 
density did not differsignificantly between 
alley-cropped plots. 

Table 2. Effect of hedgerow species on 

hours oi the sante days. Water infiltration 
was measured overa 2 I perad in February 
with a double-ring infiltronieter. Water 
infiltration results were analyzed follow-
ingPhilip'sequation, i=S/(2qt)+A,where 
Sis sorptivity,A is transmissivity, t is time, 
and i is infiltration rate (Philip 1957). All 
data were analyzed by analysis ofvariance 
for a randomized complete block design 
(Little and Hills 1978). 

Results and Discussion 

Particle size distribution. Particle size 
distribution was not significantly affected 
by any of the experimental treatments 
(Table 1). This result is in contrast to other 

depth of an Oxic Paleustalf In Ibadan, 
Nigeria, in 1989. 

Bulk density 
Hedgerow species 31 Jan 6Jun Mean 
Gliricidia.oium 1.31 1.34 1.33 
Ahchioriacordifolia 1.36 1.43 1.40 
Leitucaena 

ki'worephala 1.26 1.35 1.31 
Acioa harteri 1.31 1.36 1.34 
Control 1.36 1.46 1.41 

Mean 1.31 1.39 
± SE: 	 Between dates = 0.024; between 

hedgerow species =0.031; between 
hedgerow species for same date = 
0.044; between hedgerow species for 
different dates = 0.046. 
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Table 3. Biomass dry weight (t ha-i) of prunings I of hedgerows du,'ing the main 
season In 1989 in ibadan, Nigeria. 

Pruning date 

Hedgerow species t0 Apr 22 May 27 Jun Total 

Gliricidiasepium 1.08 2.03 0.42 3.53 
Ahhornea cordifiia 2.48 0.99 3.47 
Leucaena leucocephala 2.43 1.33 0.63 4.39 
Acioa barteri 2.76 - - 2.76 

±SE 0.31 0.16 0.07 0.37 

1.Includes leaves and young green parts of the stem. 

Soil water retention, apparent pore-size 
distribution, anid penetrometer r-esis-0 
tance. Soil water content at saturation in 
the 0-0.05 m depth on 31 January was in 

the orderL. leucocephala>A. harteri = G. 
sepiun = A. cordifolia> control (P <0.01)1 
(Fig. I). On 6 June it was in ihe order L. 
leticocephala = G. sepium > A. Nirteri = 
A. cordifolia = control (P < 0.05). The 
water content values at saturatior, in the 
various treatments appear to reflect !he 
quantities of prunings returned as mulch 
(Table 3). Lal (1987) also reported that 
water content at saturation increased in 
proportiontotheweightofmulchapplied. 
Soil water content at - 10 kPa did not differ 
significantly between treatments on 31 
January, but was significantly greater (P < 
0.05) in A. cordifolia plots on 6 June that; 
in other treatments. This was primarily 
duetoahigherincreaseintheproportionof 
micropores (pore radius, r < 1.4 pm) in A. 
cordifolia plots,as will be discussed later. 

Pore-size distribution in the 0-0.05 m 
depth differed significantly (P< 0.01) with 
date of sampling. Measurements on 31 
January and6 June showed that the propor-
lions of macropores and micropores de­
creased and increased, respectively, with 
time (Table 4). Proportions of mesopores 

(r = 1.4-14.4 gm) were, however, not sig- 
nificantly affected (Table 4). The decrease 

in proportions fmacropores and increase 
in micropores was largest with A. cordi-
folia hedgerows. 

Penetrometer resistance in the 0-0.02 
m depth at -10 kPa did not differ signifi­

cantly between treatments on either 31 
January or6 June (Fig. 2). At-100kPaand 
-1500 kPa, the largest values of penetrom-
eter resistance were observed on both sam­
pling dates in the control and A. cordifolia 
plots. At the same potentials on 31 Jant,-
ary, penetrometer resistance was signifi-
cantly lower (P < 0.05) in L. leucocephala 
plots than in all other treatments. D-
creases in penetrometer resistances at PO-
tentials of -100 kPa and -1500 kPa were 
observed inL.leucocephalaG.sepium,and 
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A. harteri plots over the period 31 .!anuary 
to 6 June. The higl'er penetrometer resis­

lances in the control andA. cordifolia plots 
suggest that surface crusting was greatest
with these treatments. 

The above changes in soil water reten­
tion, pore-size distribution, and penetrom­
eter resistance indicate the degree of soil 
compaction and crust fonation that oc­
curred between 31 January and 6 June. 
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Figure 1. Effect of hedgerow species on soil water retention In the 0-0.05 m depth 
of an Oxic Paleustalf In Ibadan, Nigeria on (a) 31 January and (b) 6 June 1989. (A) 
Gliricidia septum; (o)Alchornea cordifolla; (0) Leucaena leucocephala, (0) Acloa 
barterl(A ) control; I = SE of mean. 
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Figure 2. Effect of hedgerow species on penetrometer resistance In the 0-0.02 m 
depth of an Oxic Paleustalf In Ibadan, Nigeria, on (a) 31 January and (b) 6 June 
1989.(A) Gliricidla septum; (o)Alchornea cordlfolla; (e) Leucaena leucocephala 
(0), Acloa bartari (A) control; I =SE of mean. 
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Tible 4. Effect of hedgerow species on the percentage of macropores, mesopores,
and micropores In t&" 0-0.05 m depth of an OxIc Paleustalf in Ibadan, Nigeria, In 
189. 

Hedgerow species 31 Jan 6Jun Mean 

Macropores (pore radius > 14.4 p~tm) 

Glirii'idiasepin 69.2 6.2 
 65.7 

Alch'or/iee cordijolia 73.8 54.2 64.0 
Let aeintleuLoc pThahi 72.5 63.0 67.8 
Aroua Iarleri 71.9 65.5 68.7 
Control 71.6 62.8 67.2 

Mean 71.8 61.5 
+ SE: Btlween dates = 0.55: between hedgerow species = 2.04; between 

hedgerow species for same date = 2.89: between hedgerow species for 
different dales = 2.64. 

Mesopores (pore radius 1.4-14.4 pi) 

Gliricidia.i'piwn 12.1 9.7 10.9 

Ah/Icornea ciiidiidlia 10.3 8.3 9.3 

Lewutena lea "ociiphlia 12.0 8.5 10.2
 
Aioot ir 11.1 8.11 9.6 

Mean 11.4 9.1 1 

+ SE: Between dates = (.53: between hedgerow species = 0.76; between 
liedgeross species for same date = 1.07:between hedgerow species for 
diftferent dates = 109. 

Micropores (pore radius < 1.4 .r) 

Gliricidia.selliuln 18.7 28.1 23.4 

Alisrnea tordifiia 15.8 37.5 26.7 

Lui ac, leotoieihaht 15.5 28.5 22.01 

Aioahilt'ri 17.3 26.5 21.9 

Control 17.1 26.1 21.6 

,lean 169 29.3 
+ SE: Bletween dates = bet%een hedgerow spccies =0.17: 1.6(1: between 

hedgerow species for same date = 2.o, between hedgerow species for 
different dates = 2.03 

Table 5.Effect of hedgerow species on water Infiltration characteristics, measured 
In February 1989, of an Oxic Paleustalf Ir Ibadan, Nigeria. .. 

Infiltration characteristics 

Sorptivity Trahottisivity-2 Infiltration ratet 

Hedgerow species 011n) rin-05 f rmn il ) at2 It (nm min " 

I) 


GNirjiidiia N(sitmr 28.22 (3.34)t 1.49 (2.44) 2.53 (0.9)3 1 
lhhora ordifIia 12.81 (2.55) 1.46c .43) 1.96((0.67) 

L.encena heiii'ieplhht 31.50 (3.45) 0.10(2.311 1.59 (0.16) 
A(ioa barteri 24.78 13.21) 2.09(2.49) 2.87 0 .051 
Control 38.86 (3.6o) -I .03(2.191 0.79 (-(.23) 

±SE (0.3() 0).0166I) ((0.2(0) 

1.Values in parentheses arelog-transffonned values of0. is the untransformedihere f.%)
value. 

parentheses are (I)+.I2. Valies inl log-translorield salhues of whlere (.riis thteuttrait.fonnedvalue.vattie. 

Soil coinpactin and cruiSting in The differential soil cornpaclionand rust-
nonmechanized larning systetm, resuilt ing between treatments rellect tle pruning 
from huIatn traffic duri g planting, prun- freluencv, and the quantity atnd qtality of 
ing. weeding, and fertilizer app lication. prunings retainedasmulch.L. haniocephala 
and fronthigl-intensity rainfall which oc- and G..sepitftn hedgerows produce large 
curs in humid tropical regions (Lal 1987). qt ntitiesofeasilydecomposablepruniings 

IITA R's'arch No. 3 September 1991 

at frequent intervals, whereas A.hartri 
produces smaller quantities of slowly de­
compw:able prunings less frequently (see 

earlierdiscussion and Mwenye 1984). The 
net effect is, however, si;,,ilar, since the 
soil surface is effectively protected from 
the compactive effects of both rainfall and 
traffic forextended periods by the prunings 

of L. letwocephala, G. spiurn, and A. 
barteri.A. cordifria,which produces only 
moderate quantities of moderately de­
composable prunings (Mwenye 1984) 
compared to L. l'ucocephala.G. sepium, 
and A. barteri,provides less protection to 
the soil surface. Soil compaction is, 
therefore, higher in A. cordifolia plots 
during the growing season. 

Water infiltration characleistics. 

Sorptivity determined during the dry sea­
son in February 1989 did not differ signifi­
cantly between treatments (Table 5). 
Transmis..ivity and infiltration rates at 2 h 
were, however, significantly larger (P < 
0.05) in alley-cropped treatments. The 
increases in infiltration rate and transmis.­
sivity may have been due to an increase in 
the number of subsurface transmission 
pores (r>50 pm) caused by d2caying roots 
and high earthworm populations, both of 
which are features of aley cropping sys­
whic ae fetue oa ng sys­
tems (Ball 1985: Kang etal. 1990). 

Diurnal variation in soil temperature. 
Soil temperature at adepth of 0(1.05 m was 

significantly lowerinL. letwo'ephala plots 
on 3 February (P <0.01) and I April (P < 
0.05),and in A. harteri plots on 27 April (P 
<(0.01 ) (Fig.3) than in the other treatments. 
On 25 May, s:il temperatures in A.barteri 
and L. h'u'ocep/tala plots were signifi­
ciantly lower (P < 0.01)than in tiecontrol. 

The differences in soil temperature on each 
day ofmeasurement were reltted to differ­
ences in soil water content. Soil tempra­
lure was related to soil water content inthe 
';.02-0.17 in depth (111 3 

l-3r,( )thus: 
Tinx - 40.20 exp (1.60 x 1(-20), 
r2 = 0.70*** (P .(X)I = 90;= ), it 

where Tma5,5 is maxitlum diurnal soil tem­
peralure (CO ata depth of 0.05 tn. Iligh 
soil water contents aIre known tohave asiIwtreitnsaekont uv 
'danmping' effect on soil temperature 

(Campbell 1985). Differences in soil wa­
ter content inturn were attributable to 
differences in ground cover, either from 
better growtl and shading effect of the 
shrubs (e.g.. 2 February and 4 April) 
(Mwenyc 1984) or frot thicker mulch 
provided by prunings of the shrubs (27 
Apriland 25 May), whichcreateddifferen­
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Figure 3. Effect of hedgerow species on diurnal variation in soil temperature at a 
depth of 0.05 m in an Oxic Paleustalf in Ibadan, Nigeria on (a) 3 February, (b) 2 March, 
(c) 4 April, (d) 27 April, (e) 25 May, and (f) 4 July 1989. (A)Giricidia seplum; (o) 
Alchornea cordifolia; (0) Leucaena leucocephala (0), Acloa barteri (A) control; 
I = SE of mean. 

tial palterli o f stil sater evaporatioin. 
When ,oil .atc clntent was %,cry lr 12 
March otr 'cry high (4iJty). groiuid cter 

did not result in dilfhrences in soil water 

content. atnd hence soil temperatLure. 

Conclusions 
Sroii ci illipac ttaionl ad inaiIlItni diurlal 
ictilemperatuLres \wereliwer anid \\iler illIil-
tration greater wilth alley cropping than in 
tile cottirol. Aminig the l ,edgerow\species 
stlUdiCd. Soil Ci'inpaIltio \ ;as. ill g ic ral. 

loswer \\ith I. ( tt t ltal hetttgciedg\ . 

althoug hi A. /irtoiri Itcrdge row N had an 

atralive ef fect on sioil tlliperaltre. II 

it shrub produtced either large quantities of' 
casily decoinpisable prunings freluently 
or slialltr qu:Utikics of slowly deconpos-

able prunings less freqaenly. I ledgerow 
species that canIrequently produtcC large 
tlUl lilis of' p"irnilgs whih decompose 
sloply niy. therefore, be ihe lost desir-
able Ilor al lcy cropping, systemis. 

References 

Ball. 1, 11)S. Root tlisrhtuititn and nttrieit 
c) cling i1 tll l :ree Qlirtili, or allere stilable 

tipjiiit in Ile h1 iid IrOlpic. NI.SC. lhesis. 

U i il. il (of heli.Ontario. (atmrila. 

(anilcl!. (;.S. 9qn5.Soil pIt, ics \%iiltIASt(-. 
shlouldhli no11.td. Iio)\\e\'r, (ill ihe diffecr- EkIe,%il. Allisteldaill. [liet.Ncll nhds.ltedilet-sltitiltatbeittied.litwevr, sester Attsieiati. ic Niheails.. 

nti;.ll effet s of*"I l -\. speck aini h[lie 
ctilirol til sulftce soil phy ,sicalilpertie: , 
ill adtinit to bein- cased blv direct short-
tlert realtment cfeel s iiv inW,discussed, 

part also be dtilto Illig-lelll cumLInLilative 
treatment effects. Somne )I the facttrs that 
aflcied suri~lce soil physical properlieN 
\kere pruning IreqLtCiicy. aMid .i1ndntLilatil 
qiUllity ofiltie prUnilngs prottucetl h thle 
hedgerows. improvements in soil physical 

A() intl Aoi culltlr (ilraitai/iitn 	 ill tile
ril'd Natirol ). 1'i75. the s tt it lfott i 

aerictlittre V)77. FA). Rome. lial. 

I huItigalle. N.R. intl MS. Riidhigute. 19X. Soil 
ph sical lirtperlies 1itied ritlges ill lie Sudan 
sal annaih of Iturkinia I:it . Fsprimteniial p 
ruli tire 2-.1:375-3-. 

Kaim_-.I... and I.S. (Ihiamn. I'is). Ally crtop-
ping a'. a itsilaiiable crop prodution ,\lien. 

thell Papler pte'.niled at Internaitti al W\orkltp oiproperties kcrc more likely to iccur .w 

LISA. 

-lll 1. 1 ai Verlg. Miti cli. 

"Ial.R. 1976. Soil erosion problemts onal All isol 
iil western Nigeria and their cttirol. IITA.
lhatit.Nigeria. 

I il. R. 19')7. Tropictl ectology and phtysicatl
ill. tg18.Til W ly t h ysi l 

('hichcter.dalhology. John Wife%, UK. 

i. 	 R. 1998, Soil ero,io contill itt.le) 
cropping. Iper p.ettd at it Ittiertitionil 
StiilCosersantion Coct.leenite., I -29Jan 198, 
Billii o . I haihill. 

title. TM.. and F.. Itill,, 1978. Agricultural 

eXp riliienatiii: I)esigi and analysis. Johln 
viIcy, New York. lISA. 

Noornann. F.R.. R. 1,al, and A.S.R. Jitto. 175. 

tlh, smisil 1 IA. IlTA. I;adai. Nigeria. 

NIicnyc. R.W. 1'84. Stutly of Iiiiiiss prtni.ic­
lion.nuirielt ;lllcrtop perrltirilance il' Iour
wiody specie alley Crolped wilh Itniii/e. 

tarirniing Sys ems t'rigrain Project Reptirt. 

ITA. IMilan. Nigeria. 
'I 

Philip, J.R. 1957. Tie theory Ilofinliltration: 4. 
Sor1'tisity and algebraic inflirltion equatir. 
Soil Science 84: 257-264. 

aiItah. (.. A.A. Agotoa. G. F. Wilsiin. and
 
K %lhlg 3 ) m ~ovlca l
tNttltincy '16. Sotil properties atsat­
clected by tilte it ofi i intits slrui Ior 

crtlplr itg i Inli.aic.. Agrictillure. Ei..­55 te ls ant Itnirtiinte niIX: 167-177. 

Yonig. A. 1986. The ptentill o1agrtoloresIry for 
soil c iisersatititi. i I: Irisoni contrl. 
Winking Paper Ni. 42. Ierniatliitinal Cluncil 
Ii r Agrioloirestr\. Nairili. Ket )a. 

Yoting. A. '187. The poiletilial of agroforesry lill 
soil clisers ali, Parr If: Mailenance til soil 
lertilily. Workiig P'aper Nor.43. ittrntaitioal 

(ouncil lo Agroiretr. Nairtobi, Ken\a. 

ITA Researct No. 3 Septermber 1991 18 

http:prtni.ic


Thesis abstracts 
results of research by IHTA trainees 

Adebitan, S.A. 1991. Factors tion rates were highest on IT82E-16 '"rops. There was no economic yield ad-
Influencing infection, spread, and (semierect type) and lowest on IT84S- vantage in keeping the mixture weed-free 
severity of two Colletotrichum 2246-4(erecttype). Thus, theercct variety throughout the growing season, provided
species on cowpea (Vigna ungul- was more suitable than the spreading type weeds were kept below the economic 
culata [L.] Walp.) under differt in reducing the spread of both diseases, threshold through the critical weed-free
cropping systems. Ph.D. thesis, Croppingpattemsignificantlyaffected requirement period of the mixture. 
University of Ibadan, Ibadan, Nigeria. the incidence and severity of the fungi on Crop response to weeds varied from 

cowpea, decreasing generally in the order sole cropping to intercropping, but yam
Screenhouse and field experiments were sole > strip > intrarow > doublerow > maintained the same upper limit ofcritical 
conducted between 1987 and 1989 to in- interrow. weed-free requirement period (16 weeks)
vestigate the factors affecting infection. Plantingcowpeaone week before maize in the sole croppings as in intercropping.
severity, and spread of t.vo diseases of and planting both crops simultaneously The mixture yielded a land equivalent 
cowpea: anthracnose, caused by Colleto- reduced the inidence and severity of the ratio (LER) of 1.68, thus indicating 68% 
trichumlindemuthianumandbrown blotch, two fungi on cowpea more than when higher biological efficiency in intercrop­
caused by Colletorrichunitrunaltum. The cowpea was i.'roduced later into maize, ping than in sole cropping of the compo­
following factors were studied: reaction of Infection aates were lowest on cowpea nent crops. The middle canopy crop in the 
cowpea genotypes to infection: methods planted simultaneously with maize. system(okra)andsweetpotatoattheground 
and time of inoculation in screening cow- level received 88.6% and 70.4%, respec­
pea seedlings for resistance: plant spacing, Orkwor, G.C.E. 1990. Studies on the tively, of photosynthetically active radia­
genotype, and cropping pattern in sole critical period of wed lnte remnce tion at 8WAP. The high LER obtained in 
cowpea and cowpea/maize intercrop: and in yam (Djoscoroa rotundata Poir) theintercropaswellashighlevelsofsolar
time of cowpea introduction into the cow- intercropped with maize (Zea n'Ys energy interception in the canopies indi­
pea/maize association. L.), okra (Abelmoschusesculknus cated compatibility and good crop geom-

Cowpea varieties IT82E-60, IT8 ID- L. Woench), sweet potato (pomoa etry of the component crops.
1137. and Vita-7 were most susceptible to balatas L.Lam) and the biology of Sweet potato produced over 70% 
anthracnose. whereas TVx 3236. IT8ID- the assocIated weeds. Ph.D. thesis, groundcoverbetween6an67.1AP, which 
994. and IT81 D-975 were most resistant. University of Nigeria, Nsukka, Nigeria. suppressed weeds significantly. Signifi-
Varieties IT82E-60. IT82D-699. and Ile cant positive correlations were observed 
Brown were most susceptible to brown Studies on the management and biology of between increased ground coverage by
blotch, whereas TVx 3236. Vita-7, and weeds associated with yam/maize/okra/ sweet potato and other crop yields, espe-
IT8 ID-I 137 were most resistant. sweet potato intercropping were canied cially with yam. 

Wrapping of wounded seedlings with out between 1983 and 1986 at the research
 
inoculum meal of Colletrotrichum at 21 farm of the National Root Crops Research 
 Tamb, M. 1991. The Interactions 
days after seedling emergence enhanced Institute, Umudike (50 29'N,7°32'E) znd between cowpea (Vlgnaunguiculift optimal conditions for infection and disease at the Institute's substation at Igbariara (60 Walp.) and the bean flower thrips
development, with a clear distinction 20'N. 6 57 E). The biological efficiency (Mogalurothrips sJostedti Trybom)
betweensusceptibleand resistant varieties. of the crop mixture and the role of sweet In the Republic of Benin. Thesis for 

Significantly lower incidence and potato as a weed suppressant were deter- the degree of Doctor of Technical
severity of the diseases occurred on mined. Crop yield reduction due to wrong Sciences, Swiss Federal Institute of 
intercroppedcowpeathanonthemonocrop timing of weed removal and the critical Technology, Zurich, Switzerland. 
Though incidence values of 25%, on pods period of weed interference in the mixture 
from intercropped cowpea and 43% on were also determined. The incidence and The system analysis approach was used to 
those from sole cowpea infected with C. attack of insect pestson the crop mixture in study the influence of the bean flower 
lindenuthianum were recorded, the sole relation to duration of weed infestation thrips. Megalurothripssjostedli (Trybom) 
cnwpea had a higher seed yield (678 kg were also investigated. Weed seed distri- (Thysanoptcra, Thripidae). on the yield
ha- t ) than the intercropped (458 kg ha-1 ). bution at various soildepths in thecropped formation of cowpea, Vigna unguiculata

Increasing cowpea spacing, between field at Umudike and its implications in Walpers (Leguminosac, Fabaceae).
and within rows. reduced the infection and formulating long-term weed control mea- A demographic canopy model was 
severity of both Colletotrichum species on sures in the area are discussed, developed for a photosensitive cowpea 
cowpea in both the sole crop and the inter- The critical period of weed interfer- variety, whose growth and development is 
crop. Infection rates forthe rathogens were ence in the crop mixture was 3to 16 weeks driven by temperature, solar radiation, soil 
loweron intercroppedccwpa than on the afterplanting(WAP). Uncontrolledweeds phosphate, and water. The dynamics of 
sole crop, and infection rates increased as reducedyieldsofyamt uberby35'Zmaize age-structured populations of leaves,
plant spacing decreased. by 60%, okra by 75%. and sweet potato by shcoots, peduncles, roots, and reproductive

Discase infection, severity, and spread 80%. Intercropping extended the critical organs having numbers and mass attributes 
significat;, increased with increase in weed-free requirement period of the com- was .;imulated by a time-varying distrib­
age amo., all the tested varieties. Infec- ponent crops, compared with their sole utcd-delaymodel withattrition.A modified 
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functional response model front predation 
theory %.,asused to estinate the daily 
photosynthate acquisition. The dry-'niver 
allocatiotn i.,,assitlulated by the Metabolic 
pool node I. Groi Il and yield formationt of 
die plant w,.ere driven hy the computed 
ratliO betw'een supply and demand of car-

boltydrales. 
Results of the simulation studies coin-

pared satisfactorily with four sets of field 
dalta used for the validation of the nodel. 
The Itlodel was al si used to evaluate tile 
influence of droughlt stress and different 

levels of available phosphate in the soil. 
The liodel. designed tlr researchluitioses. 
was thent cotisidered as a basic tool tir 
furterstudiesoitliestruclureatt!fuIuciion 
of le cowpea ecosystem. 

Different sampling techtiques were 
used to study tile spatial atid tenmporal 
distributitin (tf the different life stages itf' 

Al.sjostedii: emergence cages for eggs, 
heat extraction for larvae and adults. and 
both drop board aid D-Vac for atlt s. 
Wittin-plant distribution was described 
by the ixin tlulmllikelihtood cstiniiale of a 
preference index, wiereas betmveen-plant 
distributit was analyzed using laylor's 
Ptsver law. Einumerative salipling plans 
for adults w.ere conistructed for botll the 
drop board and [ie I)-Vac tneltids. 

Tle aialysis of teiporal distributio 
over 3years shofved alow popullitiot level 
dutring tihe first llanting seasion. followed 
byi a rapid anid massiive buildup during the 
secotid season. During ifc dry season, in 
the absence of co.pea. Al .. jo.vedti was 
ftound to feed and reproduce Onia wide 
raige tli ild leguminous plants. 

The inI]uence tfteniperalure onicooit 
tIe yevhlplnt aid reproductio (fit Al . 
.%josteilfi was studied in environietal 
cabintets it 5 different teiiperatures ( 15. 
20.25, 30, and 37'C). Au analylic functitn 
was used io relate ievelopmntal rates to 
constant temperatures. Botlh tlemprature-
dependent survival and fecundityofleiiales 
were expressed by 4th order polyomials. 
For all life stages,. iptinitu dtlevelopintnt 
was obtained around 3ff (. 

Eggs ofl .. ijostedti were attacked by 
a Phytoseiid iite. Iphi.m'iissji. and by tsw,o 
parasitic hytientplera. Af','gaphtragi'to sp 
and ")ligosittsp. both Tricliograitiatids. 
Awr'ong tle larval predators, the Anltiocorid 
bug O,'iux sp was tie only ote found to 
siow an inpact ointlhe abundance 0if Xt. 
sjosteiti, and that ioily during the first 
cropping season. 

Front over 5(XHO larvae reared indi-

entoniopathogenous fungus, probably 
Iheauveria sp, wltile, unlike for closely 
related thrilps species in Southeast Asia, no 
one wats parasitized by hynenopi: ra. In 
view ofthis fact, thel hypothesisofla loreign 
origin of Al. sjosedi was postulated, and 
recommendations for biological cotrol 
w,,,ere itade. 

The impact of different densities 10. I, 
2, f6. aiid 10) of Ist itstar larvae of Al. 
*.jost,'dtiwasstudiedon isolated individual 
inflorescences of cotwpea plaints growing 
oil artificial substrate in the greenhouse. 

THe results itdicated that 6 larvae of At. 
\josle'dli feeding oi all inflorescence dur-
ing5daysaresufficient toinducesliedding 
of all flower buds. 

Tie infontiatioin gathered wits tlhen used 
to desigt a population model for M. 
.Nowei',ti-cowpea interactions, based on 
three Modules building the core tf'fihe 

cow.peagrowthlntodel, i.e..tletine-varyting 
distributed delay, the functional response 
acquisititiilnuiicott, aid theinletaboliclpool 
nodel. The lthrips model was superinmposed 
ott the cowpea illodel to evaluate iwo-

tropic interactions, and tfie way the in-
teracttions are affected by plospltate and 
water availability in the soil. The iodel 
also allowed a preliminiary evaluation of 
the effect if' possible biological control 
candidates (ollpest-plauil interactions. 

Fagbola, 0. 1990. Interi'.,t ions 
between drought stress and vesi-
cular-arbuscular mycorrhiza on the 
growth of Gliricidia sepium (Jacq.) 
Walp and Leuc.ent leucocephala 
(Lam.) de Wit In nonsterlie topsoil 
and subsoil. M.Sc. thesis, University 
of Ibadan, Ilbadan, Nigeria. 

The experimntt was carried out in tile 
gru,.ltouse with nonsterile stil. It was a 
coini'l2ely randomized block design, with 
tIhree replicates and a factorial conibina-
tiun tf two waltering regiies (control and 
stressed), two nlycorrhizal treatmients (in-
oculaled witliGlomt.t.ih,si,rtiitot aitd not 
iioculated), and two different soils (top-
soil and subsoil). The twt, tree species 
investigated were Gliri'i'i Seltmt IJacq.) 
Walp. and Letn enti hlcm'oi 'cphlh ( Lati..) 
de Wit. 

The dry-iiatter yield if tlhe two tree 
species was greater in the topsoil tian in 
the subsoil. This is likely related to the 
physical and chemlical characteristics if 
the topsoil- asi well as its abundance of'soil 
fauna. Inoculation with Glontus 

S8/, increase in the shootl dry weight of 
gliricidia and a 3014 decrease in ile shoot 
dry weight of leucaena under well watered 
conditions. The drought-stress treatment 
reduced the shoot dry weight of botI tree 
species in hol topsoil and subsoil. Ilow­
ever, wlen grown it dhe subsoil and illocU­

lated wil Glonnishi''rtio'oh,,,.drought ­
stressed gliricidia had a 13(/. increase in 
shoot di y weight, coipared to lhe 
notintculated control. Phosphlrus coti­
telt and peleutage tnycorrhiizal infection 
were strongly correlated, wi lit correlIa­

tion coefficiel (r) of' 0.73 for leucuena. 
aind 0.79 for gliriCidia. 

Idisi, P. 0. 1990. The potential for 
hybrid maize production in the 
northern guinea savanna of Nigeria: 
a comparative study with open­
pollinated maize varieties. M.Sc. 
thesis, Ahmadu Bello University, Zaria, 
Nigeria. 

Datafromnotn-firitt e rictusaidfritta 
complemieitary farin survey, all witlin tle 
norhern guinea savanna N(iS) of Nige­
ria, sere used to ascertain tile ptential for 
hybrid ittaize protduction in NGS. 

Various statistical tools, costs antidre­
turns,and returni to resturcesanalyses were 
used to compare hybrid itaiziZe and tfpll­
pollinated varieties (M)PV of imaizc. I ly­
brid naize used imiore fertilizer and has a 
higher total cttst of prtltuctii than OPV 
nuilize. Fertilizer, seed, and Other costs 
accunted for tlte differences incost. I ly­
brid tnaize gave a higher economtic return 
to inputs :atexisting nmarket prices, bil its 
variability of net reveue was also more. 
Advantage of hybrid maize over 0PV in­
creases as total cost and output prices in­
crease. 

Fainers soowed hybrid ntaize at 27,(M10 
plants h1- 1 and 0PV it 23.000 plants ha-. 
lhe cultural practices used by sniall-scale 
tarners in tle NGS are highly varied, lead­
ig to high variability if yield (CV ofi49% 
for hybrid and 501/ for miaize).3)PV 

In afanner's adoptin preferetice rank­
ing, hybrid ttaize wias rated better than 
OPV in termas of field perfornance, germii­
natioln percent, output per unit area, and it 
was preferred by more than 6(f/r of the 
faniers as their crop of the future. OPV 
had less tIhan IOf : Ihose who will grow 
both as tle crop of the future constituted 
about 211%. Faniers recognized the high 
production cost associated with hybrid 
maize. They recognized also tie cost and 

vidually, 6 were attacked by ant dcserticolnt in the subsoil resulted in a difficulty tl'geting seeds, and the lack of 
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extension information as some likely ob-
stacles in adopting hybrid maize. 

Finally, in position determination, 
maize was rated the most important crop in 
the NGS in terms of total area put to the 
crop, consumption now, cash crop impor-
tance,and output per unit area. Fertilizer 
shortages and increasing costs threaten its 
enviable position. Sorghum is the second 
most important crop inthe NGS. It needs 
less fertilizer and could become the most 
important crop if fertilizer becomes costly 
and/or unavailable. Maize gained promi-
nence in the NGS within the past two 
decades, aided by improved varieties, 
presence of grinding mills, roads, govem-
ment programs, and presence of research 
and extension organizations, 

Mbahe, R.E. 1990. Germination of 

A streptomycin-resistari mutant of L. 
japonicumstrain IRj 2114 was developed. 
tested for its ability to nodulate and fix 
nitrogen, and introduced on soybearl seeds 
at the start of the field experiments. Soy-
bean (Glycie maxrL.) and maize (Zea mays 
L.) were then grown in four cropping sc-
quences: (i) soybean-soybean-soybean 
(SSS), (ii) soybean-soybean-maize (SSM), 
(iii) soybean-maize-soybean (SMS) and 
(iv) soybean-maize-maize (SSM). A 
greenhouse study was also carried out to 
determine tl'.e effects of soybean, maize, 
and fallowing on the survival and estab-
lishment of rhizobia under controlled con-
ditions. 

Percentage soybean nodulation by the 
introduced rhizobium, and seasona! 
changes in soybean rhizobial populations 

along (AR) and between (BR) crop rows 
cassava (ManihotesculentaCrantz) were determined, using the antibiotic re-
pollen. M.Sc. thesis, University of 
Ibadan, Ibadan, Nigeria. 

Cassava pollen grain viability was investi-
gated through gcrmination, both in vitro 
:rnd in vivo. Thirteen in %itro media of the 
61 tested germinated, with percentages 
ranging from 0.4 to 5.7% and averaging 
1.21/. The best medium (5.7% germina-
tion) was made of 150 ppm boric acid, 450 
ppit calcium phesphate, 25% sucrose, and 
0.6% bacto-agar. 

Pollens of the IITA-improved clones 
used in the study were also tested in vivo. 
With hand crosing, up to 34.5% fru.t set, 
with an average of 2.6 seeds/fruit, was 
observed. Comparison of in vitro polen 
germination values, with seed set from 
artificial crosses using the same pollen 
sample, indicated that in vitro germination 
above I% using agar medium may be re-
garded as an adequate level of pollen vi-
ability for acassava crossing program, 

Clone TMS 30555 showed the best 
stigmareceptivity, whilethepollenofclone 
TMS 4(2) 1425 had the best fertility and 
cross compatibility level across the fe-
males used. 

Nkwilne, C. 1990. Effect of soybean-
maizecropping rotatlononsoybean 
rhizoblal population and soybean 
nodulation. M.Sc. thesis, Makerere 
University, Kampala, Uganda. 

Experiments were conducted to determine 
the effects of soybean-maize cropping se-
quences on the infectivity of introduced 
Bradyrhlizobium japonicutm and the 
rhizobial population in the soil. 
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sistanceandmostprobablenumber(MPN) 
methods, respectively, 

The streptomycin-resistant B. 
japroictm nodulated effectively and fixed 
alarge quantity of nitrogen (158 rng/plant) 
in symbiosis with soybean. Both the total 
number of nodules per plant and the pro-
portion of nodules due to inoculum lRj 
2i 14 varied significantly (P < 0.01) with 
cripping sequences. In the first season, 
nodule recovery due to the introduced rhi-
zobium was low, being only 15%. In the 
subsequent season, the maize crop ad-
versely affected soybean nodulation. In 
the third season, occupancy of the mutant 
rhizobium, which was 60% for the SSS 
sequence, was only 42% for SMS. 

Population of soil rhizobia was simi-
larly
affected by the cropping sequences. 
Rhizobial numbers were significantly (P!5 
0.05) higher when the first two crops were 
soybean (SS) than when maize followed 
soybean (SM). 

Throughout the sampling period, more 
rhizobia occurred in the AR zone than in 
the BR. indicating the positive effects of 
rhizosphereon the rhizobial population. A 
pot experiment confirmed observations in 
the field. Greater stimulation of rhizobia 

was obtained for soybean than for maize, 
It was thus concluded that for the suc- 

cessful establishment of impioved strains 
of B.japonicum, a second soybean crop 
should follow the first inoculated crop. 

Sama-Lang, P. 1991. Application of 
the model OLE (quantified land 
evaluation) in identifying "mana-
gement factors" limiting maize 
yields In West and Central Africa. 

M.Sc. thesis, Wageningen Agricultural 
University, the Netherlands. 

The model QI" (quantified laid evalua­
lion) was applied to generate potential 
yields of maize from selected land units in 
aselected part of West Africa Ayepe pilot 
area in Oye state, Nigeria. Actual yields 
were compared with the potential yields in 
an attempt to identify factors that limit 
production. 

In QLE, availability ofsolarirradiance, 
soil moisture, and nutrient availability are 
the main limiting lard qualities. The main 
"Land UtilizationType" was listedasmaizc 
production, under the major land use 
"Rainfed Agriculture." 

The Ayepe pilot area and surrounding 
hamlets were used as sites. Land units 
were identified and, for evaluation pur­
poses, aggregated into 7 land evaluation 
units, relative to their suitability for the 
land use in view: rainfed maize produc­
tion. The land evaluation units corre­
sponded to soil Mapping units ident ified in 
a survey exercise carried out to improve on 
existing soildta sets. Some farms on a 
certain site showed different land units as 
one of the first causes of'yield variations. 
This was exploited in identilying other 
nanagement-rlated factors and in subse­
quent stages of the evaluation procedure. 

Compared to QLE-genertcd yields onm 
runs carried out on data from the Ayepe 
site, the actual production yields for the 
selected site show differences exploited in 
the identification stage of this work. For 
estimatingQLEproductionsituationsonly 
climaticdatafromcomparablerainfalldata 
sets from IITA central station in Ibadan 
and from Ayepe were used in the calcula­
tion of potential yields. Soil-related data as 
wellasactualmaizeyielddatawereequally 
used where available. 

As regards differences in maize yields 
between farms (regrouped here into land 
units), generated potential yields were ap­
propriately usedtoexplain differencesand 
in identifying corresponding management 
measures where needed. Thus actual yield 
data on maize for respective farms were 
used, along with other management mea­
sures applied by the farmers. 

Other landscape-related factors, such 
as erosion and deposition, may cause yield 
differences between farms. Shading from 
tree canopy lowered the impact of incident 
radiation. A quantitative evaluation of this 
was provided for in the QLE model. For 
management, weed competition and pest 
incidence were found important. 

21 



Current literature
 
articles published by IITA scientists 

This list updates ourprevious issue (March 1991). Reade-s who need reprintsofarticleshere may 
request themfrom the authorsorfrom PublicationsUnit, IITA. 

Akpokodje, G.O., J.A. Odebiyi, R.S. Ochieng, 
and H.R. Herren. 1990. Functional re-
sponses ofNeoseiulus idaeus and lphiseius 
degenerans (Acarina: Phytoseiidae) feed-
ing on the cassava green mite, Motion-

ycheltu tanajoa(Acarina: Tetranychidae). 
Bulletin de la socidti entomologique suisse 
63: 327-335. 

Atta-Krah, A.N. 1990. Availability and use of 
fodder shrubs and trees in tropical Africa. 
Pages 140-162 in Shrub.i and tree fodders 
for farm animals, edited by C. Devendra. 
Proceedings of a Workshop in Denpasar, 
Indonesia. 24-29 July 1989. IDRC-276e. 
International Development Research Cen-
tre, Ottawa, Canada. 

Ayanaba, A., and D.S. Jenkinson. 1990. De­
compositionofCarbon-l4labelledryegrass 
and maize under tropical conditions. Soil 
Science Society of America Journal 64: 
112-115. 

Carsky, R.J., W.S. Reid, A.R. Suhet, and D.J. 
Lathwell. 1990. Screening legume green 
manures as nitrogen sources to succeeding 

non-legume crops. III The buried bag 
method. Plant and Soil 128: 275-282. 

della Gatta. C.. A.R. Piergiovani, N.Q. Ng, P. 
Perrino, and E. Carnovale. 1989. Trypsin 
inhibitor levels in raw and cooked cowpea 
(Vigna unguiculata) seeds. Lebensmittel-
Wissenschaft und Technologie 21(6): 1-3. 

Dodo, t.W.. W.A. [fill, K. Mulongoy. S.O. 
Adeyeye, and S.K. Haln. 1991. Population 
of nitrogen-fixing bacteria in sweet potato 
fibrous roots. Pages99-104 in Maximiserla 
fixation biologique de I'azote pour la pro-
duction agricole et lorestire en Afrique. 
IllmeConfdrencedel'AABNF.7-12Nov 
1988, Dakar, Sdsndgal, edited by M. Gueye, 
K. Mulongoy, and Y. Dommergues. Col-
lectionActesdelI'SRAVol.2no.2.Dakar, 
Snngal. 

Ehui, S.K., T.W. Hertel, and P.V. Preckel. 
1990. Forest resource depletion, soil dy- 
namics and agricultural productivity in the 
tropics. Journal ofEnvironmental Econom-
ics and Management 18: 136-154. 

Ezumnali, H.C., and T.L. Lawson. 1990. Cas-
sava aLd tnaize intercropping system-the 
effects of varieties and plant populations. 
Journal of Agronomy and Crop Science 
164: 334-342. 

Ghuman, B.S., and R. Lai. 1990. Nutrient addi-
lion intosoil by leavesofCassiasieneaand 
G/iricidiasepium growth on an alfisol in 
southernNigeria.Agroforestry Systems 10: 
131-133. 

Gichuru. M., and K. Mulongoy. 19X). Effect of 
inoculation with Rhizohiu, P application 
and liming on early growth of leucaena 
(Leuaena hiucocephahi Lam. de Wit). 
Pages 72-80 in Maxinfiser ]a fixation bi-
ologique de I'azote pour la production 
agricole et foresti-re en Afrique. Il16ne 
Conference de I'AABNF, 7-12 Nov 1988, 
Dakar. Sdn6gal, edited by M. Gueye, K. 
Mulongoy. and Y. Dommergues. Collec-
tion Acres de I'ISRA. Vol. 2 no. 2, Dakar, 
Sngal. 

Gocrgen, G., and P. Neuenschwander. 1991. 
Biology ofProchi/,neurusinsolitjs(Alani) 
(Hymenoptera, Eqcyrtidae), a 
hyperparasitoid on, ealybugs (Hoimoptera, 
Pseudococc: ' .-:. immature morphology, 
host acceptance and host range in West 
Africa. BulletindeS.,K.
suisse 63: 317-326. 

Gumedzoe, M.Y., D.Y. Sunu, G. Thotlappilly, 
and A. Asselin. 1990. Importance du virus 
de la marbure du nidbd et du virus de ]a 
mosaique jaune do nit~bh au Togo. 
Phytoprotection 71: 85-91. 

Hammond, W.N.O.. and P. Neuenschwander. 
19(1. Sustained biological control of the 
cassava mealybug Phenacoccus manihoti 
(Hom: Pseudococcidae) by Epidinocarsis 
hope:i(Hym.: Encyrtidae) in Nigeria. Ento-
mophaga 35: 515-526. 

Hennessey, R.D., P. Neuenschwander, and T. 
Muaka. 199(1. Spread and current distribu-
tion ofthe cassava mealybug, Phenacoccus 
nanihoi(Homoptera:Pseudococcidae), in 
Zaire. Tropical Pest Management 36(2): 
113-107. 

Herren, II.R. 1990. Biological control as the 
primary option in sustainable pest manage-
ment: the cassava pest project. Bulletin de 
la socidtd entornologique suisse 63: 405-
413. 

Herren, H.R., and P. Neuenschwander. 1991. 
Biological control of cassava pests in Af-
rica. Annual Review of Entomology 36: 
257-2S3. 

Hulugalle, N.R., 1990. Alleviation of soil con­
straints tocropgrowth in the upland alfisols 
and associated soil group of the West Afri­
can Sudan savannah by tied ridges. Soil and 
Tillage Research 18: 231-247. 

Hulugalle, N.R., and M.C. Palada. 1990. Effect 
of seedbed preparation method and mulch 
on soil physical properties and yield of 
cowpea in a rice fallow of an inland valley 
swamp. Soil and Tillage Research 17 1011­
113. 

Hulugalle, N.R., J. de Koning, and P.J. Mat!on. 
1990. Effect efrock bunds and tied ridges 
on soil water content and soil properties in 
the Sudan savannah of Burkina Faso. 
Tropical Agriculture 67(2): 149-153. 

Kang, B.T., and V. Balasubramanian. 19%(). 
Long-term fertilizer trials on alfisols in 
West Africa. Pages 20-25 in Transactions, 
14th International Congressof Soil Science, 
Vol. IV. 12-18 Aug 1990. Kyoto, Japan. 

Mulongoy,TI.Odu, andA.A.
Agboola. 1990. The influence of some pa­

rameters of soil fertility on early growth of 
Lencaenahucocephoa/andCassiashamea. 
Pages 250-256 in Maximiser !a fixation 
biologique de I'azote pour [i production 
agricole et forestire en Afrique. Iltne 
Confdrence de I'AABNF, 7-12 Nov 1988, 
Dakur, Sdn6gal, edited by M. Gueye, K. 
Mulongoy, and Y. Dommergues. Collec­
tion Acres de I'ISRA, Vol. 2 no. 2. Dakar, 
S6ndgal. 

Liya, S.M., C.T.I. Odu, A. A. Agboola, and K. 
Mulongoy. 1991. Estimation of N2 fixation 
by nitrogen-fixing trees in the subhumid 
tropics using 15N dilution and difference 
methods. Pages 190-192 in Use of stable 
isotopes in plant nutrition, soil fertility and 
environmental studies. International Sym­
posium, 1-5 Oct 1990. Vienna, Austria. 
Internation,-l Atomic Energy Agency, Vi­
enna, Austria. 

Meiracker van det:, R.A.F., W.N.O. Hammond, 
and J.J.M. van Alphen. 1990. The role of 
kairomones in prey finding by Dionus sp. 
and Ext'h,omus sp., two coccinellid preda­
tors of the cassava mealybug, Phenacoccus 
manihoti. Entomologia experimentalis et 
applicata 56: 209-217. 

Mulongoy, K., and 1.0. Akobundu. 19%(1.Ag­
ronomic and economic benefits of nitrogen 
contributed by legumes in live-mulch and 

IITA Research No. 3 Seltenber 1991 22 



S,,oy ,.Recent IITA publicationsalley cropping systems. Pages 625-632 in 
Nitrogen fixation, achievements and objec­
tives, edited by P.M. Gresshoff L.E. Roth, 
6. Stacey, and W.E. Newton. Chapman and 
Hall, New York. 

Mulongoy, K., and S.K. Ehui. 1990. Biological 
nitrogen fixation and nitrogen transfer in 
multiple cropping in tropical Africa. Pages 
174-191 inMaximiser la fixationbiologique 
de i'azote pour Iaproduction agricole et 

ANFq Ndoreste n 7-1 o98,Dr, 
de I'AABNF, 7-12 Nov 1988, Dakar, 
S .ndgal. edited by M.Gucye. K. Mulon­
goy, and Y. Dommergues. Collection Actes 
de I'ISRA, Vol. 2 no. 2, Dakar, Sdnmgal. 

Mulongoy, K., and A.E. Goli. 1990. Nodula-
tion and growth of banbara groundnut 
(Vigna suhterranea) in three soils. Pages 
27-33 in Maximiser Ia fixation biologique 
de I'azole pour la production agricole et 
foresti~re en Afrique. llltme Confirencc 
de I'AABNF, 7-12 Nov 1988, Dakar, 
Stnsgal. edited by M. Gueye. K. Mulon-
goy, ard Y. Dommergues. Collection Actes 
de I'ISRA, Vol. 2 no. 2, Dakar, Stnigal. 

Mulongoy. K..and N. Sanginga. 199(0. Biologi-

cal nitrogen fixation in alley fanning. Pages 

326-327 inTransactions, 14th International 
Congress of Soil Science, Vol. Ill Conmnis-
sion 111,12-18 Aug 1990, Kyoto, Japan. 

Ohiri, A.C.. and I I.C. Ezumah. 1990. Tillage 
effects on cassava (Manihot e'scuenta) 
production and some soil properties. Soil 
Tillage Research 17: 221-229 

Rogg. tI.W., and J.S. Yaninek. 1990. Populh-
lion dynamics of Truhlotrolnaus litnoni-
'ts from Colombia, an introduced predator 
of the exotic cassava green mite in West 
Africa. Bulletindelasoci~tientomologique 
suise 63: 389-398. 

Sanginga, N., G.D. Bowen. and S.K.A. Danso. 
1990. Genetic variability in symbiotic ni-
trogen fixation within and between prov-
enancesoftwoCasuarinaspeciesusingthe 
ON-labelling methods. Soil Biology and 
Biochemistry 22: 539-547. 

Sanginga. N., G.D. Bowen, and S.K.A. Danso. 
1990. Assessment of genetic variability for 
N2 fixationbetweenand within provenances 
of Leuc:-ena Icueo-ephala and Acacia al-
hida estimated by 15N labelling techniques. 
Plant and Soil 127: 169-178. 

Sanginga, N., S.K.A. Danso, F. Zapata, and 
G.D. Bowcn. 1990. Influence of reference 
trees on N,-fixation estimates in Leucaena 
leucocrelhalaandAeaciaalbidausing'N-
labelling techniques. Biology and Fertility 
of Soils 9: 341-346. 

Sanginga, N., F. Zapata, S.K.A. Danso, and 
G.D. Bowen. 1990. Effect of successive 

IITA Research No. 3 September 1991 

Combating Striga in Africa. Edited by S.K. Kim. 151 pp.
 
Based on a workshop held at IITA, lbadan, from 22 to 24 August 1988, this
 
volume contains 17 papers relating to basic and strategic research on the
 
biology of striga, including biotechnology; physical and chemical control;
 
breeding for resistance; and adaptive research, including integrated weed 
management. Recommendations on these aspects are included, with at
emphasis on collaborative research, training,and information exchange. 

Crop Genetic Resources of Africa (2 volumes). Vol. 1,305 pp.; Vol.11, 322 pp. 

Volume I is the proceedings of a meeting held under joint auspices of several 
organizations (IBPGR/UNEP/IITA/CNR, Italy) but brought together by IlTA, 
to discuss crop genetic resources in Africa (Nairobi, Sep 1988). Volume II 
covers a similar meeting on strategies and activities pertaining to the crops of 
special interest to IITA (Ibadan, Oct 1988): cassava, cowpea, maize, plantain, 
rice, soybean, yams, and bambara groundnut. Papers herein presert research 
in plant genetic resources relating to collection, characterization, c, -Iuation, 
conservation, taxonomy, cytogenetics, plant breeding, plant health, and 
biotechnology applications. Recommendations from each workshop are 
included. 

On-farm Research in ThEary and Practice. Edited by H.J.W. Mutsaers andP. Walker. 210 pp. 

Scientists working in real farm conditions require reliable research methods 
and analytical techniques, which often differ from those of conventional on­
station research. The 23 papers in this publication, from a workshop held at 
IITA between 27 February and 3 March 1989, attempt to capture the current 
status of on-farm research, with an emphasis on sub-Saharan Africa. 

cuttings on uptake and parlitioning of 15N 
among plant paris of Leucaena heuco-
i'phala. Biology and Fertility of Soils 9: 

37-42. 

Sanginga, N.. F. Zapata, S.K.A. Danso, and 
G.D. Bowen. 1991. Effect of successive 
cutting on nodulation and nitrogen fixation 
ofLeucaena hlewocephala using 1

5N dilu-
lion and the difference methods. Pages667-
674 in Plant nutrition-physiology and 
applications,editedbyM.S.vanBeusichen. 
Kluwer Academic Publishers, the Nether-
lands, 

Salako, F.K., M.E. Obi, and R. Lal. 1991. 
Comparative assessment ofseveral rainfall 
erosivity indices in southern Nigeria. Short 
communication. Soil Technology 4:93-97. 

Singh, B.B., and A.M. Emechebe. 1990. Inher-
itance of striga resistance in cowpea geno-
type B301. Crop Science 30(4): 879-881. 

Singh, B.B., and S.R. Singh. 1990. Breeding for 
bruchid resistance in cowpea. Pages 219-
228 in Bruchids and legumes: economics, 
ecologyandcocvolution,editedbyK.Fujii, 
A.M.R. Gatehouse, C.D. Johnson, R. 
MitchelandT. Yoshida.KluwerAcademic 
Publishers, Dordrecht, the Netherlands. 

Spencer, D.S.C. 1991. Institutionalizing the 
fanning systems perspective in multi-com­
modity research institutes: the role of sys­
tems-based research groups. Experimental 
Agriculture 27: 1-9. 

Versteeg, M.N., and V. Koudokpon. 1990. 
Mucuna helps control imperata in S.Benin. 
West African Farming Systems Research 
Network Bulletin 7:7-8. 

Vuylsteke, D., J. Schoofs, R. Swennen, G. 
Adejare, M. Ayodele, and E. De Langhe. 
1990. Shoot-tip culture and third-country 
quarantine to facilitate the introduction of 

new Musa germplasm into West Africa. 
FAO/IBPGR Plant Genetic Resources 
Newsletter 81/82: 5-1I. 

Yaninek, J.S., A.P. Gutierrez, and H.R. Herren. 
1990. Dynamics ofMononyChellus tanajoa 
(Acari: Tetranychidac) inAfrica: impact on 
dry matter production and allocation in 
cassava, Manihot esculenta. Environmen­
tal Entomology 19: 1767-1772. 

Yaninek, J.S.. and G.J. de Moraes. 1990. Mites 
in agriculture and biological control. Book 
2, Part I, Section 3 in Biological Control 
Training Manual, edited by D.J. Girling. 
CAB International Institute of Biological 
Control, Ascot, UK. 

23 



Viewpoint 
IITA technologies and on-farm 
adoption: are we wasting our time? 
D.S.C. Spencer 

In October 1989, IITA !aunched(Inew seminnar seriesai,ned primarilynot at 
presentationof data,but at discussion of concepts,perspectives, and opinions. 
DunstanSpencer,agriculturaleconomistand Directorof iH7A's Resource and 
CropManagement Program, launched tle serie;with anllattempted typolngy of 
improvedtechnologiesand a clear perspective on what IITA's imnmediatefocus 
shouldbe. This is a condensed version of hispresentation. 

The setting 

The target population for whom IITA is 
developing its improved technologies, 
as defined in the recently published 
(1988) strategic and medium-term 
plans, is the small-scale family farmer, 
This is a farmer who usually cultivates 
less than 3 hectares and whose own 
labor and management is the major 
input intoi t ile produc'tioni sys5te, 
Such farmers produce about 9(0', of tile 
food in sub-Saharan Africa (SSA) in in 
activity tlat employs 50-80' of its 
people. They have very little cash iir 
capital for purchase(] inputs. 

I!TA's stated tocus is on the Iii[iid 
and subhumid tropics Of WeLSt aid 
Central Africa, aidi its mandate crops 
are cassava, maize, and cowpea, as well 
as plantain, yam, and soybeans, 

Sub-Saharan Africa is the only 
region in the world where per capita 
food production has declined over the 
past two decades, exacting a high price 
in both human and economic teriis. In 
most African countries, calorie intake is 
below the minimu recommended 
nutritional standard. The demand for 
food imports is increasing, while 
imported grain prices are rising. Many 
African governments tace acute balance 
of payments and foreign exchange 
problems as the terms of trade have 
turned against the traditional African 
exports of primary commodities. 

Growth in food production in the 
past has depended primarily on 
increases in cultivated area at the 
expense of restorative bush fallows. 

fragematerandosin (igancAs we know, many tropical soils arefragile, losing organic matter and 
nutrients quickly if exposed or culti-
vated intensely. Thus, soil productiv-
ity is declining. Since most food 
production still occurs in subsistence 
farming, there is little use of coinmer-
cial inputs that cou!d improve yields, 
Most labor for cultivation is provided 
by people working with relatively 
simple hand tools. 'rhe scarcity of such 
labor limits the additional area that 
could be cultivated. Arduous weather, 

pest damage, and crop diseases 
aggravate difficulties in tile production
of food, using existing technologies, 

There is thus an urgent need for 
new or improved technologies and 
systems of land development and 
management, which will permit
increased productivity and pievent 
resource degradation. Since labor and 
capital are the most limiting factors 
generally, it is important to increase 
returns per person-day and per dollar 
invested rather than to increase yield 
per hectare. This holds true even in 
areas of relatively high population 
density, such as eastern Nigeria. 

Second, for likely adoption by small 
farmers, a technology must be within 
their resource endowment and main-
agement capacity. For example, air 
freight is obviously the most effective 
way of getting vegetables from African 
producers to important markets in 
Europe. Riverine farmers in Africa 
may stand by their farm to watch 
planes go overhead. As far as they are 
concerned, such transportation 
technology does not exist. If tile canoe 
did not exist for their use, they would 
have to walk wherever they went or 
swim across streams! 

If a new technology does not meet 
both criteria (increase labor and capital 
productivity and be within the resource 
endowment and management capacity 
of small farmers), it is not of much use. 

Types of technology 
Let me attempt a typology of improved

cesariy retritedttechnology, not necessarily restCentralIITA. 

Type 1: Doomsday technologies. 
These are technologies which, when 
employed, give short-run increases in 
productivity, particularly of labor and 
land. However, within a short period 
Of time, usually less than 5 years, the 
technology collapses because it 
destroys the production base, the soil, 
leaving the farmer worse off than lie/ 
she was at the start. Such technologies 

also usuT.1y require management andcapital inputs well beyond the_ reach of 

smallfarmers. Inthe past they have 
been packaged by governments for use 
by such farmers. A classic example of 
such technology is the mechanical 
clearing of uplands for annual food 
crop production, using bulldozers and 
tree pushers, followed by plowing, 
harrowing, etc., with heavy equipment. 
The IITA modification of tLis technol­
ogy, which involves mechanical land 
clearing using the shear blade, fol­
lowted by zero tillage for annual crop 
production, or by a plantation crop, 
probably borders between this type of 
technology and the next. 
Type 2: Technologies that require 
massive structural changes. Such 
technologies usually give short as well 
as log run increases in productivity of 
land and labor and sornetirles even of 
capital. For then to be adopted by 

small farmers, however, massive 
structural and institutional changes are 
required, which inclute large invest­
ments in irrigation systems, setting LIp 
of new input delivery and marketing 
systems, changes in land tenure 
systems, etc. Mainy of IITA's leading 
technologies fall in this category. They 
include high-yielding grain cowpeas 
that need 3-5 sprayings to give reason­
able yield, hybrid maize varieties that 
need new seed productioii and 
distribution industries aiid high 
fertilizer doses, rice varieties that 
perform very well only under irrigated 
conditions, minisett yam techniques 
that reluire plastic mulch, zero tillage 
systems that reluire expensive 
herbicides, protective clothing, and 
new equipment, aming others. 

Type 3: Technologies that require
 
little or no structural change. These
 
require little structural and institutional 
change, and usually result in short and 
long run increases in productivity of 
land, and sometimes of labor and 
capital also. IITA has produced a few 
such technologies. They include 
cassava varieties, such as TMS 3(1572, in 

e gari-proiducing zones oif West aiidAfrica, sweet potato varieties
CnrlArcsetptt aite 
that have done very well in the west of 
West Africa, freely nodulating soybean 
varieties that seem to be moving out 
now, and of course, the classic 
biocontrol of the cassava mealybug. 

Where do I place alley cropping? I 
believe the verdict is not in yet on 
whether it should be classified in Type 
2 or Type 3. If we package it for 
continuous cultivation of, for example, 
pure crop maize followed by sprayed 

IITA Research No. 3 September 1991 24 



Viewpoint
 
cowpeas with high doses of fertilizer external input systems, which exploit makers, who may in future be in a 
and zero tillage with herbicides, it will biological nitrogen fixation and position to make the structural change
fall under Type 2. If we package it as an mycorrhizal associations. It would and exploit the ,vailable Type 2
 
improved fallow management system, mean varieties that fit easily into technologies.

with maize + cassava intercropping farmers' existing systems such as But what if I am wrong and
 
and with little or no added fertilizer, it intercropping, are resistant to locally somehow or the other out"policy

will fall in Type 3. 
 prevailing diseases, and have taste makers and politicians show tile will 

characteristics the farmers presently and effort to bring about needed 
Implications like. structural changes? Then our Type 3

By devoting our energies and technologies will still benefit the 
Are we wasting our time in producing resources to such technologies, we poorest of the poor, who will not be 
the different types of technologies here could succeed in producing a large able to exploit thc. benefits of structural 
at IITA? If we focus on Type I or number of them. What would be the change. Type 2technologies can then 
doomsday technologies, we would be results? For one, there will be no be developed fairly rapidly by future 
definitely wasting our time and glamor for our scientists. There will be IITA scientists to be exploited by all. 
contributing to the eventual destruction no Norman Borlaugs coming out of But because the prospect is remote 
of our environment. IITA! However, we will help to bring of bringing about the needed structural 

What about Type 2 technologies about needed growth by relatively changes in SSA in the immediate 
that require much structural change? small increases in productivity in the future, I conclude that we will be 
We should remember that most of our next decade or two. We will set the wasting our time if we now continue to 
efforts in SSA to bring about such stage for future scientists and policy develop many Type 2 technologies. 
structural changes have failed. Effec­
tive irrigation schemes are still very
few, and many set up in recent years MEETING IPM in Root and Tuber Crops 
are no longer functional. Improved A workshop on Integrated Pest Management (1PM) in Root and Tuber Crops
input uelivery and marketing systems was held at IITA's Biological Control Center for Africa in Cotonou, Benin 
are not in place, and there have been Republic, during 10-14 December 1990.
 
very few changes in land tenure
 
systems. Even if they had the will, Its aim was to develop human resources for the generation and transfer of
 
many of our governments and econo- appropriate IPM technology, by stimulating interaction among researchers of
 
mies do not have the needed domestic IPM components, practitioners, and field specialists. Of the 56 participants, 17
 
capital resources for the massive represented national programs from 15 African countries, 4 were from
 
investment in infrastructure that will international or other organizations working in several African countries, and
 
be necessary. Benevolent funding from 35 represented IITA (including scientists and Ph. D. students), of whom 28
 
international sources is a fanciful were from the Biological Control Program.
 
option. Such funds are often biased 
 Roots and tubers were the basic topic of the workshop, but other plants

and/or misused, and effective policing included in the farmi-,-systems were also discussed. Arthropod pests,

would lead to questions of sovereignty. diseases, nematodes, a'id weeds were discussed. A holistic approach was
 
I believe that the prospects forbringing taken by elaborating on (a)soil/water-host plant interactions, (b)plant-plant

about the needed structural changes competition concerning other crop plants, weeds, and natural vegetation, (c)
within a decade or two are minimal, plant-pest and pathogen interactions, (d) influence of higher trophic levels 
By continuing to produce Type 2 (parasitoids, predators, pathogens, parasitic weeds), all as influenced by (e)
technologies, we might well be wasting climate/weather, and (0 the farmer, the consumer, government, researcher, 
our time. etc. Within this framework of ecosystems analysis, cultural control, resistant 

What about Type 3 technologies? I varieties, and biological control were discussed, including their broader 
believe they stand the best chance to application through the extension services. 
get to farmers a little at a time, because 
they are within their means to adopt Representatives of national programs explained how these concepts were 
and manage and because of auto- being put into practice in their countries. While several (Congo, Gabon,
diffusion. Nongovernmental organiza- Ghana, Nigeria, and Zambia) mentioned the success of biological control of 
tions can make such technologies cassava mealybug in their countries, Zaire expressed the need for more 
available to the farmers, even if releases in new areas. Participants expressed their interest in biological control 
government institutions do not. To work against the cassava green mite. Weeds were considered a major con­
generate Type 3 technologies efficiently straint that was addressed too little. Control by all possible means of the 
and speedily, we still need an appropri- variegated grasshopper, the African cassava mosaic virus, and the political and 
ate and well funded research system, financial problems of implementing IPMwere often mentioned. 
which can use the latest in research During the last day, a total of 193 recommendations was listed under the 
technologies, such as biotechnology for following headings: government, research, training, implementation, informna­
the transfer of desirable genes into tion, administrative structures. Of these, about adozen recommendations were 
plants and animals. Also, an effective distilled in an ordered procedure by the plenary session. They will be pre­
information dissemination system %Vill sented, with the abstracts of the presentations, in a forthcoming publication on
 
be needed tcemake such available this workshop.
 
technologies known to farmers and
 
help the auto-ifftsion process. 
 The workshop waes funded by the United Nations Development


Emphasis on developing Type 3 Programme, which had earlier funded a similar effort by the Centro
 
technologies would call for low Internacional de Agricultura Tropical (CIAT), Colombia. 
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Obeng stresses health hazards in tropical agriculture 
The well-being of agricultural workers 
is of paramount importance in the 
practice of agriculture because a 
healthy farming community is more 
likely to sustain productive agriculture 
than one weakened by infections and 
diseases and preoccupied with ill 
health, said Letitia E.Obeng, formerly 
director of the African Regional Office 
of the UnitLd Nations Environment 
Programme. She was delivering the 
third lecture in the annu,.l Distin-
guished African Scientist Lecture Series 
at IITA, lbadan, on 24 April 1991. 

Obeng had chosen as her theme 
'The Right to Health in Tropical 

Agriculture," emphasizing people and 
the health hazards they face in practic-
ing agriculture in parts of the tropics. 

Lamenting that the health of the 
agricultural worker hardly gets half the 
attention lavished on the health of the 
crops he cultivates, Obeng said even 
ti continued effectiveness of the 
practice of agriculture requires that 
farming communities be protected 
from avoidable infections to which they 
are exposed because of their occupa-
tion. 

Water-intensive agriculture creates 
ecological conditions favorable to some 
pathogens and endemic diseases, while 
yet other health hazards are caused by 
situations where water for domestic 
and personal use is scarce. Among the 
debilitating diseases that prevail are 
river blindness, caused by the blackfly; 
filariasis; guinea worm; malaria; and a 
complex of crippling,sometimes fatal, 

diarrhoea and dysentry. 

It need not be surprising, Obeng 
said, that the health of farming 
communities is a neglected subject, 
given the enormity of problems facing 
African agriculture. Insect pests, 
weeds, diseases, and uneven distribu-
tion of rainfall accentuate the problems 
of food production in an environment 
already prone to drought, resulting 
from an overall insufficiency of usable 
water. It is precisely in looking at these 
numerous risks to which food crops are 
prone that the risks farming communi-
ties are exposed to get overlooked, 

What can be done to create condi- 
farming communities? The answers 


are not simple. We need, first, to look 
at disease-causing organisms and what 
makes them flourish. This would 
involve a look at freshwater ecosys-
tems, domestic water supply, and 
human waste disposal systems, 

including an appreciation of the crucial the human community. 
I balance between diffe-rent types of Where safe demestic water is 
i organisms and the harmful role of inadequate, farming communities end 

parasites. We need then a systematic up using water contaminated by 
analysis of these relevant factors, so chemicals. In recent years, various 
that a deliberate effort can be mounted chemicals, in the form of synthesized 
to overcome them. fertilizers, herbicides, and pesticides, 

Obeng distinguished three major have increasingly found their way into 
types of infections and diseases: the environment. Exce-.ses of chemical 
• 	pathogen-based infections and compounds, applied in agriculture and 

diseases, acquired by prolonged aquaculture or discharged through 
contact with infected surface industrial wastes, eventually leach into 
waters; the surface and ground waters. 

* 	 pathogen-based infections occur- Nitrates, cyanamides, fluorides, and 
ring where water for domestic and mercury have been known to contami­
personal hygiene is inadequate; and nate the water supply, affecting aquatic 

* 	 nonpathogen-based diseases, and human life. 
caused by exposure to chemicals. The situation can be remedied only 
Offering a synoptic overview of when expertise and resources to 

numerous diseases, Obeng emphasized manage all natural resources are
 
the key role of reliable and adequate pooled in an integrated way. Soils,
 
water supply and a safe human waste water, plants, humans, and animals
 
disposal system in protecting the health need to be managed integrally, as the
 
of rural communities. component parts of a system.
 

Unfortunately, the advance of Farmers everywhere are at least as 
irrigated agriculture in Africa has necessary for agriculture as improved
 
tended to help, rather than inhibit, the inputs, Obeng argued, and they
 
spread of diseases, emphasizing once deserve sustainable good health.
 
again the distortions implicit in Efforts at improved or sustainable
 
accordir.g water for the crops a higher agriculture must recognize this, she
 
priority than adequate fresh water for urged.
 

MEETING African Soybean Network proposed 
An African network has been proposed for soybean production and utiliza­
tion, as part of a global initiative. The proposal was developed at a planning 
workshop at IITA, Ibadan, during 14-18 January 1991 on "Soybean Produc­
tion and Utilization for Africa", which was cosponsored with IITA by the 
Food and Agriculture Organization (FAO) of the United Nations and 
Nigeria's National Cereal,; Research Institute. 

The workshop brought together 212 participants from 14 countries. They
 
included, in addition to scientists andt researchers, policy makers, extension
 
personnel, and representatives of industry, nongovernmental organizations,
 
and women's groups active in the promotion of soybeans.
 

The participants divided themselves into vigorous working groups, which 
explored research needs in soybean production, small-scale and medium­
scale processing, home-level utilization, extension, and macrolevel policy. 
After identifying researchable problems and listing them by priority, they 
spelt out how the issues and constraints identified would be dealt with by 
specific activities or outputs within a network. 

The keynote speaker in the opening session, Nigeria's Minister of Agricul­
ture and Natural Resources, S. Mustapha, reiterated the country's keen 
interest in soybean research, production, and utilization. 

IITA Director General Lukas Brader, who gave the welcome and closing
 
addresses, reaffirmed IITA's commitment to developing soybeans for the
 

tropics, and to further research on soybean production and utilization. 
Noting the key role that soybean can play in sustaining the productivity of 

the region's cropping systems and in balancing the nutritional composition of 
daily diets based on cereals and root crops, Brader welcomed the close 
cooperation offered to IITA in soybean improvement by national programs 
across the region. 
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Training
 
Use of monoclonal antibodies: training workshop held 
A plant virology workshop, held at 
IITA, lbadan, Nigeria, during 22-26 Nominations invited .......
 
April 1991, offered 13 scientists 
attending from 10 African countries 
intensive training in virus detection 
tecnies.n thee mwas socal a-tib , 
sis on the use of monoclonal antibodies, i 
tant ton viriasounes crown 
tant to African countries. 

Those taking part gained "hands-
on" experience in identifying viruses 
and their strains, using serological 
techniques, such as the enzyme-linked 
immunosorbent assay (ELISA). The 
trainees took home with them detection 
kits, including antise:a, both mono-
clonal and polyclonal. Other supplies 
needed by them in making serological 
tests effective have been supplied to 
them in a special project, funded by the 
International Development Research 
Centre (IDRC) of Canada. 

The workshop itself was a part of 
that project, and the Vancouver 
Research Station of Agriculture Canada 
collaborated with IITA in this effort, 
emphasizing the bridging role that 
IITA has sought to play between 
advanced laboratories and African 

Researchers as trainers: The Training Program at IITA welcomes 
nominations of experienced researchers who will have an opportunity toorganize in-country training of fellow researrkers. National program leaders 
may nominate candidates who, while attending an IITA course, will plan their 

in-country training course. Selected irdividuals will receive supplemen­
tal training and experience in communication and training skills. IITA staff 
will then collaborate in conducting in-country courses. 

Training internships: National programs with staff who have 
principal responsibility for training researchers and extensionists may
nominate candidates for a limited number of internships within the IITA 
Training Program. Selected interns learn to develop and manage training 
courses through on-the-job experience at IITA. They will also develop their 
own country training plans. 

Write to: Group TrainingCoordinator,TrainingProgram,IITA. 

national systems, with a focus on key 
crops of Africa. 

Prompt detection and proper 
identification of viruses are both 
difficult at present for national pro-
grams with limited equipment and 
resources. Yet they are crucial in 

MEETING Biocontrol of Locusts 
IITA hosted a workshop on Biological Control of Locusts and Grasshop-

pers, also at its Biological Control Center for Africa in Cotonou, Benin 
Republic, from 29 April to 1 May 1991. The meeting was sponsored by the 
U.S. Agency for International Development (USAID), and the International 
Institute of Biological Control (IIBC) shared organizational responsibilities. 

There were 97 participants, including 18 from countries directly affected 
by the pests, 35 researchers from other countries, 5 from international 
organizations working on locust control, and 15 from IITA, mostly from its 
Biological Control Program. 

The main objectives were to (1)inform those concerned with locust and 
grasshopper control, especially national programs, of progress in biological 
control; (2) promote further research through exchange of views, especially 
receiving the viewpoints of those directly concerned with locust and grass­
hopper control; and (3) develop research methods and ideas on application of 
biocontrol. 

David Greathead, director of IIBC, delivered the keynote address, in 
which he spoke of the existing natural enemies of locusts and their limitations. 
The joint IIBC/IITA/DFPV (Niger's department of training in plant protec-
tion) locust program, which seeks to develop mycoinsectici'ies for control of 
locusts and grasshoppers, presented some successful results against the desert 
locust and variegated grasshopper. 

A diverse range of applications of pathogens was discussed. Training in 
biocontrol and in insect pathology was repeatedly stressed as an importantneed.
need. 

A proceedings volume is planned, and a summary report is available from 
C.J. Lomer, IITA Biological Control Center for Africa, Cotonou, Benin 

Republic. 
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developing measures for effective 
control of plant viruses. The workshop 
was another step in IITA's efforts to 
augment national and regional 
capability in Africa, in partnership with 
donor institutions and advanced 
laboratories. 

Group training courses 
scheduled for 
san u e 199 

January- June 1992 

Dates 

13-31 

17 Feb to 
6 Mar 

24 Feb to 
21 Mar 

I 

30 Mar t,) 
10 Apr 

I I May to 
3 Jul 

1-19 Jun 

Course (duration) 

OanSeed Prduction Tech­
niques, Organization & 
Management
(3 weeks) 

Research Farm 
Management 
(3 weeks) 

Postharvest 
Technology
(4 weeks) 

Alley Farming in 
Tropical Africa 
(2 weeks) 

Root Crops 
Research and Technol­
(gy Transfer
(8 weeks) 

Sustained Food Produc­
tion Systems 
(3 weeks) 
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People
 
Noel F. Beninati joined as maize 
breeder in the USAID/IITA/Cameroon 
NCRE project in Cameroon in January 
1991. Dr Beninati, who got his Ph.D. in 
plant breeding from the University of 
Minnesota, USA, was most recently a 
cereals breede- in Mali with the 
International Crops Research Institute 
for the Semi-Arid Tropics (ICRISAT). 

Dana K. Berner joined IITA's Maize 
Research Program as striga biologist in 
June 1991. Dr Berner, who got his 
Ph.D. in plant pathology from Louisi-
ana State University (LSU) in 1991, has 
worked in Sierra Leone, Mauritan'a, 
and Nigeria. Most recently, he was an 
instructor with LSU. 

Robert J. Carsky, previously 
postdoctoral fellow in agronomy at 
IITA, joined the USAID/IITA/ 
Cameroon NCRE project as an exten- 
sion agronomist in May 1991. Dr 
Carsky will be based in Maroua, 
Cameroon. 

Jean Detongnon joined in May 1991 as 
grain legume specialist in the USAID/ 
IITA/Cameroon NCRE project in 
Maroua, Cameroon. He obtained his 
Ph.D. in plant breeding and genetics 
from Oregon State University, USA, 

A w ards 

and worked most recently as a cowpea 
breeder in the Republic of Benin. 

Diane A. Florini joined IITA's Grain 
Legume Improvement Program as 
plant pathologist in February 1991. Dr 
Florini, who got her Ph.D. in plant 
pathology from Cornell University, 
worked most recently (1988-1990) as 
regional outreach coordinator with the 
USAID/IITA/Zaire RAV project. 

Friedhelm Gauhl and Cornelia 
Pasberg-Gauhl joined IITA's Root 
Tuber and Plantain Improvement 
Program in January 1991. In an 
unusual appointment, the couple will 
share the position of plant pathologist 
at IITA's high rainfall station, Onne, 
near Port-Harcourt, Nigeria, to work 
on the black sigatoka disease of 
plantain. They both obtained their 
Ph.D. in plant pathology in 1989 from 
the Universitit Gottingen, where 
Cornelia was also head of the tissue 
culture laboratory. Friedhelm was 
most recently a tropical ecologist with 
the Max Planck Institut, Germany. 

Clifford S. Gold joined IITA's Biologi-
cal Control Program in January 1991 as 
an associate scientist. He is based in 
Kampala, Uganda, and will work on 

Professional recognition for four IITA scientists 

L. Okezie Akobundu, weed scientist 
with IITA, was chosen 'Honorary 
Member for 1991' by the Weed 
Science Society of America, in 
recognition of his "contributions to 
weed science in Nigeria and the 
world". He received the award at 
the annual meeting of the society in 
Louisville, Kentucky, USA, in 
February 1991. 

Hans R. Herren, entomologist and 
director of IITA's Biological Control 

Program, was among the 1990 
winners of the Rank Prize for 
Nutrition. The £25,000 award, from 
an endowment by the Rank Founda-
tion, UK, seeks to recognize and 
foster significant advances in science. 
Dr. Herren, who is a pioneer in 
IITA's highly successful biocontrol 

Stephen M. Lawani, information 
scientist and director of ITA's 
Information Services, received two 
awards early ih 1991, in recognition 
of his professional accomplishments. 
He was elected Fellow of the African 
Academy of Sciences for having 
"contributed significantly to the 
development of knowledge in Africa 
and the world at large." He also 
reeebruarygeia Lbrr
received the Nigerian Library 
Association's first Eminent Service 
Award at its annual convention in 
Ilorin, Kwara, inMarch 1991. 

Siv Raj Singh, entomologist and 
until recently (Mar 1991) director of 
IITA's Grain Legume Improvement 
Program, received the 1991 Distin-
guished Service Award of Kansas 
State University. He received the 

efforts, received the award in award in Manhattan, Kansas,USA, inLondn inFebrary1991May991agronomy
London inFebruary 1991. May 1991. 


the banana weevil. Dr Gold, who got 
his Ph.D. in biological control from the 
University of California at Berkeley, 
was previously an assistant entomolo­
gist with ICRISAT in India. He has 
also been a consultant with IITA. 

Leonidas S. Halos joined IITA's Root, 
Tuber and Plantain Improvement 
Program in March 1991 as a research 
specialist in postharvest technology. 
She worked most recently with the 
Philippine Rice Research Institute, and 
earlier with the International Rice 
Research Institute (IRRI) in the Philip­
pines. 

Birgit Kristensen joined IITA's 
Biological Control Program in 
Cotonou, Republic of Benin, in June 
1991 as an associate expert. Her 
professional interests are in environ­
mental protection, and she will work 
on the ecology of phytoseiid predators 
of the cassava green mite. 

Neal W. Menzies joined IITA s 
Resource and Crop Management 
Program in February 1991 as a 
postdoctoral fellow in soil chemistry. 
He is based at the IITA humic forest 
station, Mbalmayo, Cameroon. 

Samuel N.C. Okonkwo joined IITA's 
Maize Research Program in January 
1991 as a visiting scientist. A professor 
at the University of Nigeria, Nsukka, 
since 1976, Dr. Okonkwo will work on 
striga biology and its control to help 
maize production. 

Diane Russell, an anthropologist, 
joined IITA's Resource and Crop 
Management Program in January 1991 
as a Rockefeller Foundation Fellow. Dr 
Russell, who has worked previously in 
Zaire, will be based in Cameroon. 

Baij Nath Singh, rice breeder with 
WARDA but stationed at IITA, Ibadan,

DrSgas
arrid in ai at 
rved in April 1991. Dr Singh was 

previously a visiting scientist with IRRI 
in the Philippines, and chairman, plant
breeding department, Rajendra 
University of Agriculture, Pusa, Bihar,
India. 

Charles F. Yav"oah joined in March 
191 as a soil scientist/agroforeser in 
the USAID/IITA/Cameroon NCRE 
project. Dr Yamoah,who has previ­
oje Drearh wh ae
 

ously been a research schlar and
 
research fellow at IITA, was most
 
recently assistant professor of
at the University of Arkan­
sas, Fayetteville, USA. 
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About IITA 

The goal of the International Institute of Tropical Agriculture (IITA) is to 
increase the productivity of key food crops and to develop sustainable 
agricultural systems that can replace bush fallow, or slash-and-burn, cultiva­
tion in the humid and subhumid tropics. Crop improvement programs focus 
on cassava, maize, plantain, cowpea, soybean, and yam. Research findings 
areshared through international cooperation programs, which include train­
ing, information, and germplasm exchange activities. 

IITA was founded in 1967. The Federal Government ofNigeria provided 
a land grant of 1,000 hectares at Ibadan, for a headquarters and experimental 
farm site, and the Rockefeller and Ford foundations provided financial 
support. IITA is governed by an international Board of Trustees. The staff 
includes around 180 scientists and professionals from about 40 countries, 
who work at the Ibadan campus and at selected locations in many countries 
of sub-Saharan Africa. 

IITA is one of 16 nonprofit, international agricultural research centers 
currently supported by the Consultative Group on International Agricul­
tural Research (CGIAR). Established in 1971, CGLAR is an association of 
about 50 countries, international and regional organizations, and private 
foundations. The World Bank, the Food and Agricuiture Organization of the 
United Nations (FAO), and the United Nations Development Programme 
(UNDP) are cosponsors of this effort. 

InternationalInstitute of Tropical Agriculture 

Oyo Road, PMB 5320, lbadan, Nigeria 
Telephone: (234-22) 4003004(0318
Telex: 31417 or 31159 TROPIB NG 

Cable: TROPFOUND IKEJA 
Facsimile: (229) 301466 (via IITA lBknin) 

Lagos/lkeja Office: 
Plots 531 &532 WEMPCO Road 

Ogba Estate, P.O. Box 145, Ikeja, Nigeria 
Telephone: (234-1) 921147 or 920251 

International Mailing Address: 
c/o LW. Lambourn &Co., Carolyn House 

26 Dingwall Road, Croydon CR9 3EE, England 
Telephone: (44-81) 686-9031 

Facsimile: (44-81) 681-8583 
Telex: 946979 LWL G 


