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FORWARD
 

Accelerating the rate of growth of a nation's economy is a matter of 

universal concern. Among the developing naions, it is of prime concern.
 

In many such cases, agricultural development is the primary means of cata

lyzing general economic development and social progress. This appears to
 

be true of West African nations as they struggle with semi-arid tropical 
environments, low resource productivity, rapid populatien growth an] other
 

endemic constraints to making agriculture the lead sector in national 
development.
 

The SAFGRAD/Purdue/Farming Systems Unit worksi.cp on appropriate tech

nologies for farmers in semi-arid West Africa was directed toward contri
buting to eventual amelioration of this concern. The workshop brought 
together leading African and expatriate scientists involved in systematic
 

research on the technical, economic, social and policy constraints to agri
cultural development in the region. The scietific papers presented provide 
empirical information of explicit sigrnificance to increasing food production 

and farmer well-being. Workshop discussions, formal and informal, generated 
important insights relative to appropriate strategies for enhancing the
 

role of scientific endeavors in accelerating agricultural development in 
the semi-arid regions of West Africa. 

Purdue University is pleas;ed to have had the opportunity during the 
past six years to collaborate, through SAFGPAD and USA]D, with African and 

expatriate colleagues in farming systems research, it is grateful for the 

opportunity to have participated with FSP, ICIAT, IITA, IRAT, SAFGRAD 

and USAID in the organi-ation and conduct of the wrkuhop. It trusts 
that this volume of proceedings will be useful to all concerned with 

relaxing the constraints to accelerated :gricult ral development in 
West Africa.
 

D. Woods Thomas 
Associate Dean and Director 
International O'rograms 
Purdue University 
W. Lafayette, IN 47907 
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PREFACE
 

in the West Afric,,
I soearch to increase 	agricultural production 

has hen greatly intensified at the national and 
Semi-Arid Tropics (WAKA'I') 	

Because of th. c-mplexity of 
e rly 100T's.


international levels since the 
that production techno

production constraints in the W,2AT 
we have learned 

may not be 
logies which had proven eff'ect ive in other, areas of the world 

s anthat the farmeralso learnedthe WA2AT. Ve haveappropriate in 
of nw technologies.in te developmcntimportant part 

ntnesive aogriculturaI research, at expe-
Aftcr nearly to dcAdesoC 

on-farm, one can ask 	the questions: 
What
 

r.imcinLstations Anid more recently 
the WASAT, and 

have bon dewvloped whi oh :are apprpriat.o to 
technologies 

.he .ron isinc res-earch directions?what are 
test' of the Farming Systems

in mind, the researchWi-th these qoestions 
I tod Grain., Research 	 an, Doveioptmreot (SAFCRAD) 

Unit (FS11) of the SFoo-rid research: ntom the national nd in..nationnl
with encour'n't entproject 	 oragnise a workshop. Theleadership to 

community at Ouagadonou, provideld 	 attook placeSon;,,-Arid lest Africa,
workshop, Apprcoi~t, ''chno1oi1es 


, 155.
Ouagadougou during I5o 
w.s to ass,55 :,:ricultul'a! tech-

The primary objective of the a'orshop 
an toeQhaology needsre,ion and cSu: 

nologies currently availabie in the 
four m in aras: 

and new avenues of researc'h. Ya' orel;lwoP covered 
I y,

(1) soil and water manaLr-eir or. andand l 
, 
IIrt 

(2) plant imp' ,eoent and crop ,ssoci >tI'an s
 
traction, and
(3) ,ivestock and ninimal 

tw research.
'c is an d pronlsing:,ap otes 

(A,)appropr.., t no' 
in each area 

. 'd at,'id :l"acri '' l1 surir'a vy paper 
The workshop waas 

u	 foll[wod by discussionIch :,esson wasaytudyp a .
toilowed by case 	 ended . '11,' workshop 
n'oups and rap.o l'n''c oatd 

"'n the rapport ( u't rs summarieS '"tic mi or hiihtigiic 

discu' hn .'tf'trtste
with ' '-'tn'r'a! 

versions of the twentyincludes the aditedeach :.ssijn. Tl'hi:',',Lme 
added a :e-nerai summary 

, t ,iorksnop. I\ehavetih,-,
three pars r.,c 	
were thePoints tnot brought, out in 

of tho'ks, a a'''" and r.Llr pj 

discuons.
 
of this workshop Lo deal

the 3 1/,' days
It nut possil e during

'..:nn 


issues of "'ricultural technoiotgY inter
plux topics andwith ali he 'oi 	

that the. topics coveted and the 
hu ,.'i . llowever, we believeventho. I ; 	 theto the nf'ormation baseI 

t:':t were presentnd add sigt'icantUy 	
in 

pape case 
',iAS; '. "partica'i in '

v' thei-c'netul pape~rs along with several f the 

'ar,.h dtr(,ct ion 

:study 1
'. '''' '.r'v'' as a ba:.sis tor tut."e poe 

the compex problems 	of'.Mie
ving soe,.! o:' 
provi,'. -ton,inpcu'r'tiL''vehicle for 

" and ;.,n:'orp'oceedinLrn''; ''' 	
Ifor publitt.ion an'l 

n d the', provide an outlet 
rosearchtr s 
 This is particularly 	true of regions a eseirch findii~dlissemination or 	 offor publication

' rc'' ire lirited opportun i ties 
like thr-';ASAT 

T'his workshop '.'"'an 	 opport,lnity for' more than 60 
research results. 
 Inro'national

l adls rtrators ft A national and 
ar "aLultuia 


v"o at"' engted in

ncientK-ts 	 ,2 t,: in the W.ASAT to parti

institutionsresearch 	 r -t i n and(xten:ive discussions 
exchange of research 	 infocipate in an 


of ideas. 6
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SOIL TILLAGE AND WATER CONSERVATION IN SEMI-ARID WEST AFRICA
 

1
 

R. NICOU and C. CHAhREAU
 

The pedoclimatic conditions of the semi-arid West African zone are
 

such that it is very difficult for annual crops to grow. The physical
 

in particular, impair crop root development.
properties of the soil, 


In other respects, due to the extreme climatic irregularities, one of
 

the first problems which the farmer needs to solve is that of providing
 

water to his annual crops. As soils are very prone to degradation, infre

quent but large and intense rains cause runoff and erosion. Thus, more
 

than 50% of the rain water may be lost.
 

Agronomic research in many countries has, for a long time, striven
 

to find solutions to these problems. It appeared that one of the means
 

to succeed in so doing was to use good cropping techniques. Therefore,
 

we are going to examine the major results obtained in soil tillage and
 

water conservation in semi-arid West Africa.
 

MAJOR CLIMATE AND SOIL CHMPACTERISTICS 

The 	climate. The climate of the tropica] zone of semi-2rid West Africa is
 

characterized by the strnng contrast between a rainy season which lasts
 

two to three months in the North and five 
to six months in the South bet

ween May and October; and a totally dry season. 

200 and 1,300 mm; isohyetsAnnual rainfall varies roughly between 
ar"e irregularly parallel to the equator and rainfall shows a strong 

This gradient is more pronouncedincrease gradient from North to South. 
in western iegal than within the zone. 

Because of the extreme irregularity of rainfall, the rainy season is 

of rainy perixd.- and dry periods, the latter becomingoften a succession 
a fact that since 1966, a period
more and more frequent northward. Et is 


of drought has prevailed all over, this zone and that most isohyets have
 

decreased by 200 mm (Dancetoe, V'7). The zone is under a very strong
 

evaporative demand: annual potential evApotranspiration (PET) roughly
 
1600 im in the South.
ranges between 2200 mm in the :lorth and 


There are two other important characteristics in the physical proper

ties of the soil: 
(1) 	 the absence or1frost: temperatures rarely drop below 10. The 

phenomena of stronE frost which are important in the northern 

countrics are t~al1y -bs o,1ner; 

(2) the very high intensity of r2.ins and their erosive power. All 

calculatior methods have demonstrated the very strong Eggressi

vity of the climate throughout the zone. This aggressivity is 

the origin of the very strong hydric erosion that exists every

where, especially in the South.
 

Soil Physicist and Director of IHAT-CIPAP in Burkina Faso, Ouagadougou 
Nogent du Marne, France.and 	 Agro-Pedoloist,Director of IRAT-CIRAD, 

9 
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10 APPROPRIATE TECHNOLOGIES 

Other climatic factors are more favourable to crop production. In 

:. general, temperature is not a limiting factor for plant growth and solar 

The result is a high potential of production which
radiation is high 

stands in contrast with the present very low productivity.
 

a unitsThesoils.Roughly :speaking there are number of soll with respect 

to rainfed agriculture (Charreau, 1974). There are:
 
(1) sub-arid modal brown soils and red brown Soils (CAMBORTHIDS)' 

be They develop mostly onlocated tween isohyets 200 and 500 mm. 

aeolian sediments of theQuaternary and form a 200 km wide belt 

in the north of the zonet 
(2) slightly leached;tropical ferruginous soils (USTOPEPTS) which
 

are mostly on the aeolian sediments under an annual rainfall
 

ranging between 500 and 900 mm,
 
They are the most
(3) leached ferruginous tropical soils (USTALFS). 


They are found on varied rock residus (gracommon in the zone. 

nitogneiss, sandy and sandy-clayey rocks) and they have very
 

differentiated profiles,
 
. - - - -- :so t S n They----<- -, ............-......----- (4) poor and slightly' . :- unsaturated- latosols (ALFICh EUTRUSTOX).- g l
 

=are- not ver-- cmmon in th, zone except in -the...............gal
 

of Burkina where they are associated withand in the south-west 
leached tropical ferruginous soils,
 

(5)Vertisols and other complex associations with a montmorillonitic
 

base. They are generally associated with materials of basic origin
 

in Burkina,
 
are
(6) hydromorphic mineral soils (TROPAQUENTS, TROPAOUEPTS, etc.) 


Some are used for rainfed agriculture 'but
scattered in the zone. 

most of them form the major parts of the important alluvial plains
 

of the main rivers; they are irrigated and temporarily fIooded,
 

(7) lateritic 'cuirasses. The great extension of lateritic cuirasses
 

(most of them being old) is one of the most common features of 

Most of them are locatei in the 500 andseni-arid West Africa. 
900 mm isohyets.
 

Although the zone is characterized by a uniform rainy season and by
 

a flat relief, the soils show variabilities with predictable consequences
 

for cropping.
 

NEED FOR SOIL TILLAGE
 

In the traditional systems of semi-arid Africa, tillage\by hand is
 

Soil preparation isgenerally very superficial. Animal
the only practice. 

traction was introduced at the beginning of the 20th Century and it deve-


Now it is used by farmers for
loped differently according to the regions. 


seeding and weeding operations and very irregularly for soil preparation.
 

By contrast, in another semi-arid region such as India, oxen traction
 

tillage is the general rule.
 

The opinion of the agronomists on this matter vary. Some believe
 
soil
that deep tillage and especially ploughing has beneficial effects on 


an crops and should be generalized. Others consider that these effects
 

are not important or regular enough to assure a good return for the costs
 

that this practice entails for farmers. They alsonote that soil deep
 

ploughing &',yhave negative effects over a long period of time, such ab
 k~i, , . 1.... 
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organic matter. The ,.i:
icesdeoin aacelerat~ed'burnng ofth = 
<:recomm end: ze o orm n mum :tillage.i;i:! ii , i: :< :k .:.; 

necessary 'to' /Zr:.Tselihont eujec unider disusin, it: is 
review first' of allthe role0 of, the p hysicali p ro p e 'r t i e 3?of the •soil. ini-~i',:.; 

-
Ssemi-arid West Afiaa a liimiting ;factor o'f plantY growith ; then to reviewi< ; 


: :tillage as the, most' ancient technique and: the Most commonly udsed for )soil .: i/ 
:
 

andthe c 1972) techniques -and:their " 

preparation'; and.finally< to review other soltlae
esoil 


Soil: physical properties... 'nii' semi-arid Africa. The soils with'clay content 

the 20 threshold and which are swelling minerals in theclayey
 

/ ifraction are generally considered by soil physicists as structurally ..
 

active. Th-hnmn f swelling and shrinking in temperate region al

'jexceeding 
:
 

ternating with frost create or regenerate a fragmentary structure;:.The i
 roots of plants, especially of grasses, are capable2
of improving the struc

ture of the soil :(Charreau, 1974). ••,
 

iBelow this threshold and especially when the :clayey fraction contains
 
' or no swelling materials, structurally i' 

an a ncg thestructure by themsel e s. They..are-nt capablef improi 

eurdo
For inert soils, soil tillage might make
For structurally active soils, soil tillage may ntb 


it,possible to compensate the inefficiency of natural factors and to
 
"...:its frequency may be reduced. 


createItamaystructure.be noted th oe threshold of 20% clay content roughly cores

pondsto the limitbetween coarse loamy and fine soils in the USDA (18%)
 

textural triangle.
om that point of view, the soils of the West African semi-arid
t ia 


zone all into two catagories. Vertisols andcomparable soils clearly
 

belongto the category of structurally active soils. Some hydromornhic
 

soils and latos0s may also fall into this category, but theshe soils
 limited extension in this zone as compared to structurally inert
have a 


soils.The prevailing feature of tropical sub-arid and ferruginous soils
 

is the poor clay content of superficial horizons. This results both
 

from the sandy nature of the original material (aeolian drifts for
 

slightly leached tropical sub-arid or ferruginous soils and, from the
 

pedogenesis for tropical ferruginous soils and latosols.
 

Whatever the causes may be, generally the upper horizons of these
 soilswtend to be sandy-clayey. Furthermore, the clayey fraction is main

ly made of amorphous iron kaolinite and hydroxides inh ferruginous soils
 
and'latosols, whereas montmorillonite prevails in sub-arid soils but
 

withaa verylow clay content (1 to 10%). l
 

Given these textural and clayey characteristics, the main physical
 
properties of the upper horizons of these soils may be listed as follows:
 

(1) very weak fragmentary structure (if any);
 

(2)rather low porosity, not more than
r0ol to 43%;
 
(3)very low structural porosit oyanfin related to root penetration
 

and to water circulationl;
 

http:structure.be


12 APPROPRIATE TECIINOLOG! ES 

(4) high propensity to compaction and to hardening during 
the dry
 

season;
 

(5) infiltration capacity varying 	according to 
the soil and to the
 

original materials; high in soils made of aeolian sedimrents, 
often
 

limited in the other soils, with a propensity towards 
forming a
 

superficial crust;
 

(6) rather low water reserve, depth of water storage 
may also be limi

ted by concretions or by the ]ateritic cuirass;
 

(7) susceptibility to erosion ranging from weak to average: the
 

first years of
from 0.05 to 0.1 in theWischmeier index varies 
0.2 to 0.30 after 3 or 4 years of 	cropping (Roose

cropping, from 

1974), Wicchmeier, 1959.
 

The physical properties of the soil, limiting factors 
of plant growth.
 

1971; Nicou and Chopart,
Many positive correlations (Charreau and Nicou, 
 3 and the yields

1979) between total root weight or root density in 

g/din

of various crops (groundnut, sorghum, maize, rainfed rice) 
have been 

shown in the West African semi-arid zone (Fig. 1). 

This seems to be a general rule for, soils with sandy-clayey superfi

cial horizons and can be explained by the fact that in these soils where
 

the content of
limited and uncertain, and where 


available mineral elements is poor, deep root establishment is essential
 

for water and mineral nutrition.
 

water availability is 


and mineral salts availability
In soils such as vertisols where waier 

is high, the correlation between root establishment and crop 
yields may
 

not exist.
 

Close relations between total porosity or apparent density 
and root
 

density have been found in the sandy-clayey soils in various horizons and
 

2). Root weight or root densities
for different crops of Senegal (Fi. 


rapidly decrease when density increases in accordance with a function
 

which, most often, is linear and depends on the crop and the experimental
 

conditions (Blondel, 1965; Ilicou and Chopart, 1979).
 

In the vertisols or similar soils, the major limiting factor 
for plant
 

insufficient infiltration and the water logging
growth is most often the 


of the deep horizons, especially in the degraded vertisols.
 

The effects of the low porosity on root establishment may be explained 

mainly by two reasons: 

(a) insufficient aeration of' roots, 
soil.
(b) mechanical rw!.3tance to root 	penetration into the 


n is not satisfactory for these soils becauseThe first expl rsr.i 

and the risks of temporary water logging are
 macroporosity is always higxh 


low in tie upper horizons. On the contrary, the second reason is likely
 

to be the most important one. 
 The increase of porosity leads to a greater
 

can easily find their way.
proportion of large pero: throu;qh 	which roots 


this low total porosity which results
Whatever the reasons m7j be, 


from an unadapted structure is often a limiting factor for plant root
 

these sandy-clayey soils of the dry tropical
establishment and growth in 


zone. 
 The practices of' soil development must increase porosity in order
 

to obtain the best yields.	 1../o 
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Fig. 1. Relations between root development and yield for different 
plant
 

species in S6n6gal. (a) Fallow, Bambey ; (b) Groundnuts, Bambey, 1964 ;
 

(c) Sorghum, Nioro de Rip, 1967 ; (d) Sorghum, Bambey, 1964 ; {e) Rainfed
 

rice, S6fa, 1970 ; (fM Maize, S6fa, 1969.
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Relations between root growth and 5oil 
poron"ity. (a) Groundnuts,
 

Fig. 2. 
 t1O-30 cm) ;

; (c) "'or-ghum, Vioro de Rip
Bambey ; (b) Sorghum, Bambey 


(e) Rainted rice, Sefa (10-30 cm);
 
(d) Maize, Sinthion-Malemc (10-30 cm,; 


(f) Maize, Sefa (10-20 cm).
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THE EFFECTS AND CONSTRAINTS OF TILLAGE
 

the soils that have sanJy-loamy and sandy-
Tillage has many effects on 

The most important ones concern the structure of
 clayey surface horicns. 


the soil, the hydric regime, the organic matter and microbial 
activity and
 

consequently the yield of cros. 

Tillage increases the total porosity of super-
The structure of the soil. 


ficial horizons whatever the conditions of realizaticn. 
It takes the
 

by dividing it more or less slende'ly in
 earth, breaks it and turns it 

mass

accordance -'ith itc huridity and therefore with the intensity uf te 
exist underit creates an artificial cleft which does not

take-off. Thus 
natural conditions. :orphoJoicol observations of coil profiles after
 

super
tillage show an important difference in the macrostructure between; 

horizons.
ficial horizons and deep-so torr 


In fable 1, re navw gath''!. a few field measurements in a range of 

representative condit ions ( icou, 1977).
 

soil porosity.
Table 1. Example of the offets of tilLaie on 

Total poro: ,JtY Statistical
 

Control Comparison

Village Type of so[K 


Bambey Leached tropical ferruginous
soil on s li-h i: (DIOh ) 

38.9 
38. 1 

43.4 
44.5 

++ 
++ 

40.8 47,U ++ 

40.8 4'.5 ++ 

Sandy-clayey soi (DEK) 39.2 
40.0 

46.0 
46.4 

++ 
++ 

Nioro du 

Rip 

Leached 
soil on 
stone 

tropical. ferruginous 
sandy-clayey sand-

43.4 
42.6 
41.9 

47.2 
47.2 
47.5 

+ 
++ 
++ 

43.0 46.8 ++ 

Sinthiou 
Malei 

reache,o tropical ferruginous 

soil on samdy-clayey sand-

40.8 
43.4 

44.2 
47.5 

++ 
++ 

stone 

Sefa Leached forruriots soi 43.4 
44.9 

51.3 
47.9 

++ 
++ 

++ H!ighly siCnificant dif[ferenco 

+ Significant differ-rnce 

where the organic matter has
Clod porosity also increases, especially 

been shown that when tillage was well carried
 been incorporated. it has 

out in good conditions of soil moisture the changes of 
structural porosity 

affected not only the big clods but also the small 
aggregates of one to 

two cm of diameter (Nicou, 1974).
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appear tc be limited (10 toThis increase in total porosity that may 
on20%) has, nevertheless, very important consequences particularly annual 

plant root development. We have seen thatthere exist relations between 

root density an global porosity, but it is the whole dynamics of root 

establishment which is favourably modified (Chopart, 1975): 

(1) pace of progression o' the root front, 

(2) maximum depth and total lngth, 
(3) 	 deep root density, 

two root.;.(4) 	 averaLge distance betwse 

an exampleA number of data assessed in figures appear in Table 2 as 

(Chopart and Nicou, 1076). 

Table 2. Effects of tillage 	 on some characteristics of crop root establish

ment 

Control TillageCharacteristic 

Pace of growth: rainfed rice root weight 

at 25-30 cm 

6 45
After 25 days, g 
54 64After 45 days, g 

rice root
 

establishment at 92 days
 
Characteristics of rainried 


Total length, m 

Distance between main roots, cm 

36.2 
4,14 

96.2 
2.55 

al! roots, cm 0.66 0.48 

Total weight, g 
Diametra. surface, 

. 

cm 

4.10 

550 

8.48 

1676 

Characteristics of soDrghum root establishment 

at blossoming 

Total length, r: 

Distance between main roots, cm 

36.4 
12.8 

49.6 
10.1 

all roots, 

Diametral surface, cm 2 
cm 0.63 

9.45 
0.57 

12.36 

Indepth root weigit by pl-nit (mg) 

Millet 100 - 15 cm 532 1225 

150 - 200 cr: 91 308 

Groundnut 50 - 110 cm 4010 5700 

Sorghum 40 - 90 cr 2370 3910 

The hydric regime of che soils. Tillage also affects the hydric regime
 

of soils strongly. This is one of its most beneficial effects in semi

arid tropical zone. It is frequently observed that crops support dry
 

periods better when they 
are pltnted after tillage.
 

Three mechanisms must be taken into consideration for tLis improvement
 

of the hydric regime:
 1../o 
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(1) improvement of infiltration, tillage affects infiltration:
 

(a) by increasing the porosity of surface horizons;
 

by creating obstacles to the partial or total circulation 
of
(b) 

water at soil surface, this obliges it to penetrate: cloddy
 

superficial structure, modification of land pattern.
 

This action has been checked under numerous circumstances, 
that
 

is, (IRAT, 1982, 1983, 1984):
 

(a) by hydric profiles at the beginning of the cycle 
(Fig. 3)
 

(b) by measurements on runoff particularly with 
the help of
 

erosion compartments (Southern Senegal, Center Burkina,
 

Northern Nigeria).
 

In that respect, the proper, efficiency of Lillage is mainly per

ceptible at the beginning of the cycle. Later on, it is the more
 

cover that ensures better
important development of the vegetation 


protection of the soil by intercepting the rains.
 

(2) Use of the stored water by the plant. This effect is linked to
 

Thanks to a more rapid and
the development of the root system. 

soil by the roots, the water reserve
better utilization of the 


more important (iable 3).
made available to the plant is 


Numerous monitorings of hydric profiles performed 
during periods
 

cultivated on
drought have made it possible to find that plants 

soil better (Charreau
tillage explored the ydric reserves of the 

and Nicou, 1971).
 

stocks between control and tillage during
Table 3. Differences of water 

and rainfed rice cultivation inmillet cultivation in bnmbey 

Sefa (Senegal).
 

Rai rfod Rice, SefaMillet, Bambey 

arm Differences of water stocks, mi
 Differences of water stocks, 


(pont 'ol-tillage
Control-tillage 

DeI'th in
Depth in 
 1968


soil 1970 1973 

0 - 50 cm - 1.5 + 1.8 0-30 cm + 6.5 0-40 - 17 

+ 6.5 30-50 + 10.3 40-80 + 14.9
 
100 9.1
50 - + 


+ 11.1 50-100 + 15.2 80-200 + 17
 
100- 150 + 9.2 

150 - 200 + 17,.5 + 18.4
 

+ 14.9
0-100 + 32 0-200
0 - 200 + 34.3 + 37.8 

ti7 0-,-n- Qui 'Ilerh, in depth the
Wherear; 2-.[,ti 

and uses the reservesro 1-i
plant cori.umo:;, orin < ti ,oil 

better.
 

(3) Conservation of stored water. If performed after 
cropping, soil
 

work makes it possible to reduce evapor,'ion during the dry
 

season, by breaking of the capillary front and suppression 
of
 

If there is water, left in the soil
 

after harvest (short cycle cropping) and if the texture allows
 

.,,/°,
 

all surface vegetation. 
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Fig. 3. Water conservation techniques hydric profiles at Gampela, Burkina Faso.
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and

it, this water may thus be preserved during the dry season 


be used at the beginning of the cycle of the following year
 

(Dancette and Nicou, 1974).
 

stocks (mi) over 2 m during the dr
Table 4. 	Variations of water 

season after different treatments. 

30 November Z9 Jur 

1972 1973 
Treatments 


-mmn -

on the spot,
Millet harvested, straw left 

34 3
 

unweeded soil 


Millet harvested, mulched, without weeds 71 30
 

5 2
 
Millet harvested, mulched, with weeds 


Tillage at end of cycle, incorporation of
 

straw into the soil early October 
 52 40
 

Tillage at end of cycle, incorporation of
 

straw into the soil late October 57 53
 

As regards the organic matter,
microbial activity.
The organic matter and 

and mineralizationis reputed to accelerate the oxidationrepeated tillage 

of humus and to modify microbial activity and biochemical processes. In 
On the
 

semi-arid 	West Africa, the decrease of humus rate 
is not evident. 


in the noiIs of Yenejal it was demonstrated that tillage might
other hand, 

che rainy 	season 

increase nitrogen miner'Iization z gtnificant]y during 


which increa es cerval yields.
(Ganry, 1977), 


Tillage may also have important efects on the 
symbiotic activity of
 

Groundnut yields may thus be increased by 50. in very sandy

rhizobiums. 


as has been measured in Senegal

increased nitrogen fixation, 


(Wey and Obato, 1944).
 
soils, due to 


Crop yields. The rwificstion of' the phys;ical properties of the soil,
 

37e-to tillage and particularly itsj etf Pec on the hydric regime of the
 
plants

soils have very important onvsrjli eo. or the yield of the major 

for French snu'kino semi-arid West Africa.
 cultivated. We have many dit. 

of pre

have shown thc- uv,rr-es roeordeal in a larg7e part
In Table 5, we 

extension field trials.
 

These are the effects of tl iaje only, without taking 
into conside

maymnodify 	the percentages
ration the incorporation of organic matters that 


the organic matter.
in relation to the nature of 

Cereals are very sensitive to the effects of soil tillage which
 

t to sorghum, then to maize and to rain
increase 	 hen one moves from mil l 

a large extent, on the hordiness of
 In fact, this depends, to
fed rice. 

to the aridity of the climate.

the species and on its adaptation 
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EfCcct of tillage on the yields of the major 
plants cultivated
 

Table 5. 

annually in semi-arid West Africa.
 

Number of Yield
 
Gain of
annual 

tillage
rusults Control Tillage 

-kg/ha--- e. 
+ 22
38 1558 189i 


Millet (grain) 

+ 25
1691 2118 


Sorghum (grain) 	 86 

+ 50
31 1893 2791 


Maize (grain) 

+103
20 1164 2367 


Rainfed rice (paddy) 

1322 1550 


Cotton (cotton gr.) 	 20 + 17
 

4+6 1259 1556 + 24
 
Croundnut (pods) 


We have also recorded residual effects of tillage; 
they may be
 

Thanks to
 
relatively important and, most often they depend 

on rotation. 


their clustered root establishment, cereals preserve 
the macrostructure
 

soil better whereas often after groundnut there is nothing 
created in the 


This makes it possible to envisage aillage over periods of two or
 
left. 

three years and therefore the distribution of 

the work over the whole
 

field.
 
marked

must not be forgotten that tillage has a very
Finally, it 

a tillage
It has been demonstrated that 
effect on the growtn of weeds. 

to reduce the number of
 

correctly performed would make it possible 


and, at any rate, to postpone the date of the
 weedings significantly 
the crop calendar of the farm.
is important for
first intervention; which 


The effectsfor tillage extension on-farm. 
The lifficulties and obstac -os 


of tillage are not as marked everywhere because 
they depend on:
 

we have said enough with respect to this
 (1) the nature of the soil: 


subject and need not dwell on it,
 

(2) the climate and the vegetation.
 

Eurther-

In an environment of heavy rains, erosion 

control prevails. 


season is an obstacle to any efficient
 
more, the presence of a long dry 


action of the mesofauna (earthworms):
 

(3) the plant cultivated,
 

(4) the cultural 	history of the plot. 

On a recently cleared piece of land, it is often preferable not to
 

upset the upper horizons whereas on a piece 
of land cultivated over a long
 

period they must 	be tilled:
 

(5) 	 the quality of the performance, 
manners of recovery: recoveries are often necessary(() the cultural 


when tillage is badly performed.
 

Tillage requires that the farmer should have an 
adequate force of
 

means of production.

traction (animal 	traction, motorization), that 

is, 


required for til-

In the case of ox traction, four to five days 

are 


problem of crop calendar is especially serious
 ling a hectare of land. The 


at the beginning 	of the rainy season, when there 
is competition between
 

soil preparation, seeding and weeding and when 
the state of health of the
 

season.
is far from satisfactory after a long dy
yokes of oxen 

.1... 
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Tillage is often accused of increasing erosion. Numerous results
 

show that this is not true, if tillage is correctly performed at a low
 

pace as is the case with ox traction. Often, there is confusion between
 

depth and intensity of soil work. In particular, the use of disk ploughs
 

sloping soils must be conder'ned (Charreau, 1969).
working at high speed on 

prevent tillage from being ero.ive i3 to associate it to theA. means to 
organic 	 matter. 

and the effortsDespite all the positive rasoits obtaincd in trials, 

of the extension services, it may be demcnistrated that tillage is still 

farmers of' semi-arid West Africa. Even inrelatively in little use among 
a large
some zones of western and soutl-ern MaiL where it is used to 

extent, it is often used in an incorrect manner. This situation strongly
 

contrasts with what exists in other semi-arid regions such as India, 
where
 

tillage by animal traction has been largely and corre:tly used over cen

primitive instruments. It would beturies, despite the use of quite 
the reasons for this opposition.interesting to analyze 

are numerous cons

the farmers. A:nong those constraints, 
We have seen that in semi-arid We'st Africa there 

traints to the adoption of tillae by 
is the lack of the time required for performingthe most significant one 


the brevity of the
thisj operation at the hocinninr of the cycle, due to 
,need to seed early. The competitionrainy season and to thoe imperative 

between cultural practices, eding and wecding is particularly marked in 
of earlythe West where rains start suddlnly. Bue inland, where a number 

rains of April and May mny s' used for' tillago, this is not done without 

very clear reasons (Tradition prevails). 

as a
At the end of the dry season, the soil:; are too hard (taken 
traction. After aue carried out with animal 


short cycle cropping, the farmer may have a limited time to till at the 

end of the cycle. But here ajr in, one( is Ca,.ced with a number' of habits 

and practices, particularly that of takin:; 

whole) in order for work to 


a rest between the harvest of
 

short cycle crops and thatL Wfang cycle crops.
 

All the drawbacks taken individoall;' are not insurmountable, but 

their combinations explain the difficulties encountered in the introduction
 

of this technique to the farmers (f semi-arid We-t Africa.
 

B JOTHFP TECIlNIO'-E ' SOIL TILLAGE 

Soil tillage with tines or peul-tillagu. Soil tillng, with tines makes
 

without turning it up. Its p-rpose in
it possible to prepare the ioil 
get rain War to penetrate without upsett.in the surface
particular is to 


of the soil. It may have dif for,-at farrs (flicou,
 

(1) Shallow cultivat ion of dry ,lni: performed with d. ferent types 

it makes it possible to split the soil (Wanadian,pickof tines; 

mattock, diamond point, etc.). 
 Performed with animal traction,
 

the force of tracit is necessarily limited in width and ,lathi by 

often it is very localized and suerficial.tion and no.it 


a

The yield increases obtained are very irregular and depend, to 


the volume of soil really affected by the modilarge extent, on 

fications of structure. Experimentally, the yield increases may 

range between 0 arid 15. 

.1..., 

http:upsett.in
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on moist land: the tillage is 	 deeper, faster 
(2) Passage of 	tines 

as "goose-feet"and covers more surface. The use of parts known 
work must be performe after the 

may be very efficient. But this 
competes with seedine. Yield
 

beginning of rains and therefore it 


23 (whereas ploughing in the same condi
increases have 	 reached 

tions yielded + 39', )
 
be used with a tractor. W a 	 dry land, its 

(3) A chisel can only 

depth 	 of tillage is most often li:nmited becaus-e of the hardness 

cultiLted may be important.of the soils, but the :;urface 
soil more ind.jpth, but the force of 

(4) Deep ploug.ing splits the 
of tines areflouever, as the passages 

time. It is faster
traction must be high. 

1.50 m, this reduces labourspaced by 1 in to 
on a dry land than to plough I ha of moist 

to use a deep-plough 

soil with 
a tractor. Its efficiency depends a lot on the nature 

the soil. if too sandy, splittina is in:dequate and the :odi
of 

tend tod i !psa r rapid .Y. If 	 clay content
ficat.ons of structure 

two years.is inadequate, the effect may 	 last at least 

Campela (Burkina) over fouryears has led
An experiment conducted at 


(T.bl e 6). After Uierblot, 1985.
to very interesting re.a] t 

Table 6. Effects of soil tillage with tines on cereal yields.
 

Sorghum Groundnut Sorghum. 
1984
1982 1983 


Treatment 


kg/ha 

950 1284 523
 
Control 


1020 1186 652
 
Chisel 


1200 1659 1050
 
Chisel/deep ploughing previous year 


1567 1841
 year 	 1390 

1340 2000 1020


Deep ploughing 	the current 


Tillage with gang plough 


The efficiency 	of tillage with tines varies a lot:
 

(1) In terms of water economy, the deeper the ti)iage and the closer
 
ploughing

the passages the better the infiltration is. A deep 

that leaves Dig ciods at soil 	surface may be very efficient at
 

:shallow cultivationthe beginning of the cycle. But a simple 

risky. The interest of these 	 te(hniques is that
remains very 

the dry period 	 they make it possible
as they are performed during 

to part of the first rain3.store a more or less important 
If 

(2) Action on root establishment is limited to the tilled area. 


seed rows are found on the passage of the tines, there ia a pre

ferential penetration and an unquestionable efficiency. Between 

the tines, there is no visible effect, therefore, 
root penetration
 

is very irregular.
 

(3) Tillage with tines alone does not play any role 
in evaporation
 

control. But it may be efficiently combined with the mulch of
 

crop residues.
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Ridging and mounding. Ridging consists in making rectangular spaced
 

embankments with a plough, a mounding body or a hand tilling instrument.
 

The earth is taken from the space between two crop rows to an untilled
 

the side of the ridges that
 part. The plants are seeded on top or on 


need to be banked up during the cropping cycle.
 

The principle of this technique is to trap rair water, to prevent
 

runoff and to keep the maximum of this water at the disposal of the plant.. 

In fact, this is possible only if:
 
of the(1) tne ridges are made perpendicularly to the 	 direction 

slope,
 
(2) the slope is gentle or low. If this is nct 	the case, the water 

runs 	out faster carrying away the thin elements. This erosion is 

grind!, the earth.then facilitated by the fact that r.idging work 

met, the water will be
Furthermore, if the previous conditions are 

of the oil makes it
truly a~ailable to the plant only if the texture 


possible and if the root establishment of the crop is adCquate. 

cf West Africa where this technique is traditionnallyIn the zones 
used, tillage is performed by hand and, in general, seeding is delayed.
 

weeds at the beginning of
Ridging is particularly useful for controlling 

cycle. This being so, contour, ridging may effectively limit runoff.the 

sandy soi Is, the ridges are graH-owevcr, it must be noted that in 
is unfavorable to

dually destroyed by rains. A layered structure which 

crop root development may develop in the furrows in which the sedimenta

tion occurs. This was particularly observed in the iouth of Senegal 

(Seguy, 1971).
 

out that when tie soil is sandy or gra-
Finally, it must be pointed 

velly, that is leaching, the water doe,, not remahi in the body of the 

ridge. In case of seeding followed by n period of drought, the plant does 

if it rairS n l0t Ot Lhe beginning of the cycle, the not resist. But 

system avoids water logging, which may be -n advantage for some crops 

such as maize.
 

the last three years in Burkina (Table
An experiment c-nducted over 

7) in several different pedoclimatic situations makes it possible 
to 

compare flat ploughing and ridging (MRAT, 198?, 1983, 1984). 

Table 7. Average yield of sorr-ham ind maize. 

- - 'mh. of' 

IT; Flat 

, Control p3 oughing Ridging 
-kg/ha 

Sorghum 
Maize 

20 
5 

730 
1893 

126 
2791 

1090 
2323 
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the two, as flat
there is no significant difference between 

The interest 
Generally, 

of ridging is particularly
ploughing is superior in average. 

marked when the slope becomes important. But its operation may be consi

derably improved by tying which will be discussed later on.
 

between twoearth from the space
Mounding: it consist,, in taking the 

The work may be performed by hand, 
rows to the plants being cultivated. 

The seeding is performed on 
or even by motor traction.by animal traction 

is only when the plant has reached a certain height that 
flat soil and it 
mounding can be carried out.
 

in terms or water preservation may be 
The purpose of the operation 

to trap rain water and facilitate its infilcompared to that ofr idrch; 

obLiint'd may vary 
 in relation to what 

tration. However, the result 

happened before mounding and to what will happen after mounding.
 

ploughing, one may expect to
If seeding was carried out after flat 
of' mouiding. The same applies

cumulate the effects o tillage and tuhss 
This is important particularly
if there has been tillage wih tines. 


root system. However, mounding gives
concerning the developmnt or the 


rise to a number of prohlms:
 
the plant has grown 	enough.
one must wait until
(1) To perform it, 


a period of drought
In regions with poor rainfall, when there is 

time
 

at the beginning of ho cycle, one must wait for a long 

before gCetting the possibility of mounding Therefore, the ef

ficiency of the technique may then be questionea. 

may have to cut off 	a number of roots which
 
(2) When mounding, one 

are in the sp:!ce tutwoen two rows. Some negative effects have 

b~En observed nrmillet. 

(3) Sied lines must b perpendicul. ir to the line of greater slope. 

may be consi-
As in the case of ridging, th, efficincy of mounding 

erably improved by tying. 

lue or tied ridges consists in making embankments 
Tied ridges. The techni 

to prevent the
 
with regular space 	oetween the ridges, in such a way as 


to create basins for water microcatchment. This tech
runoff of water and 


nique makes it possible to practically suppress runoff 
in the plot and,
 

to put all the rain wat.r that fails down at the disposal of the plant.
 

This technique which traditionally isain little use 
in West Africa
 

is widely used in South America, it has recently been the subject of
 

surveys by tne IITA-SAFGHAD Agronrm.y Team on maize and cowpea 
in Burkina
 

millet and sorghum; 	its on-farm application
and, by the ICRISAT Team on 


has been initiated by the FSU/SAFGiAD Team. IFAT-CIRAD, under IBRAZ,
 

last three years a regionaiized comparative
has undertaken over the 


study on all water conservation Vochniques which will make it possible
 
the pedoclimatic


to determine the most adapted techniques in relation 
to 


context. The efficiency of the tied ridge depends on numerous 
factors;
 

(1) distance betweer the ridges,
 

(2) date of ridging 	or of tied ridging,
 

(3) nature of the soil,
 

(4) position on the 	toposequence.
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In a study carried out at the Kamboins6 station (Burkina), ICRISAT
 

has compared different sizes of basins of microcatchment with or without
 

complementary straw, for reducing evapotranspiration. ForsorgLhum, a micro
2 	 better in terms of yields:r1 significnntly 

seed row 
catch nent basin of 0.50 was 
this correspo;ids to a spacing of 1 metre between the ridges for 

spaced by 50 cm, (Zaongo, 1983).
 

Concerning the date of tying, several possibilities must be envisaged:
 
the tied ridges manually or mecha(1) Direct serding at the outset cn 

In that case one does wit!,out the effects of soilnically. 

on crop root establishment.
tillage such a tilling 


(2) Fiat seeding after preparation and tied mounding about three
 

weeks or one month after seeding. 
(3) Flat seeding, mourdimg at the beginning of plant growth and 

tying 	some time afterwards. 

the tied ridge will then depend upon the distri-The efficiency of 
also to the naturebution of rains with respect to the date of tying and 

of' the soil. 

If the soil is too sandy, the device might not resist severe 
to bank up regularly (hence additionalrains and it will be necessary 

work). It is, therefore preferable to perform tying rather late so that 

the period of 	ear emergence or blossoming, a very
it can be efficient at 

stress sensitive period of plant growth.
 

tied ridge is 	 solid, it is
If the soil is clayey enouh ard if the 

make it early, but if one wishes to utilize Jll of the waterpreferable to 

of the profile by a deep root establislhmert, it is better to plough
 

case,beforehand. The IITA-SAFGRAD ex;periment has shown that in that the
 

device could be Iept for two yearL: without being banked up.
 

The regionalized IRPT trials of 1'3P4 have shown that the best date
 

for tying the ridges vario; in relation to t.hc site (IRATr, 1984).
 

Table 8. Effects of the ridge in relation to its date of construction on
 

sorghum yield. 

Ploughing + Ploughing + 

tied ridt,,es ridging, 1 month + 

Control I nnth tying, 2 monthsLocation 


- Kg/h:i 

118
1 330Sabouna 

53i
288 611
Kolbila 


12198176 1iC1T 0 

2594
109 1683
Gamp6 a 

1337
523 1410
Saria Haut 

1790
259 1561
Saria Bas 


698 884, 	 825
Kassou 
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It must also be pointed out that when the soil is sandy or gravelly,
 

water may seep and not be used by the plant. Therefore, it is neces
the 

sary to develop a deep root establishment.
 

one in this respect (sorghum,
The example of Saria fHaut "s a typical 


kg/ha)
 

523
Control 

1083
Flat tillage 


Flat tillage + tied ridgilng at I month 1410
 

Direct tillage + tied ridging I month 959
 

Concerning toposequenr.e, an imoortant study is being conducted 
by
 

the results obtained in 1983.
IITA-SAFGRAD at Kamboins6. Fig. 4 shows 

They reveal the effect of the position of the crop, along the topose

P'ied ridging every other row or everyquence, on the yield of maize. 
except the bottom lands, (IITArow has icre~sed yields on all posit, ns 

SAFGRAD, 1983).
 

tied ridres appear a,, a very interesting water conserva-Therefore, 
with other techniques (soil tillage,tion tfcnnique that may be combinel 

mulch ).
 

with animal traction anO maintainedHowever, if ridgingmay be done 
tying required considerable wor from the farmer.in the same way, so far 


The creation by SAFGRAD of an adapted tool gives rise to hopes in 
that
 

respect.
 

is no longer,It is a fact that mechanical weeding between the rows 

be clone by hand. We believe that flat seedingpossible, everything must 


(preferably after soil preparation) followed oy tied ridging three weeks
 

to solve the problem of weeds, as the
afterwards, will make it possible 


effect of inounding is to 
limit the number of wcedings. Thus only one
 

manual intervention would suffice until harvest.
 

It must also be pointed out that another technilue has been tested 

afte.2 flat LeedinL-g, in digging smallby IITa-SAFGRAD. It consists, 
cm long x 20 cm wide x 10 cm deep) at the same time as
holes (about 40 


the first weeding. The holes are dug between the rows vithout mounding
 

The system has had a very nighly significant effect on the
the plants. 
yields of maize in 1983 at Kamboins6; 6?4 kg/ha without holes compared 

to 1272 kg/ha with holes. The average yield increas.e is higher than the 

If this is confirmed, this operation must
opportunity cost of labour. 


be mechanized, (IITA-SAFGRAD, 1983).
 

Mulching. Mulching consists in leaving on the soil siirfa'ce all or part
 

of crop residues. The objectives of this technique are many (LAL, IITA,
 

1983):
 

(1) to prrtect the soil: 

(a) by limiting runoff and, limiting erosion a.--a consequence,
 

(b) by reducing evaporation;
 

(2) to reduce soil tillage by avoiding to turn up the surface
 

horizons;
 
enrich the soil with organic matters and increase the acti(3) to 


vity of the mesofauna (earthworms).
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Many data have been produced particularly at IITA and more recently 

at ICRISAT. They show clearly that mulching reduces runoff and facilita

tes infiltration. 

This is certainly the most spectacular effect of this technique. 
efficiency depends on the quantity of

However, it must be noted that its 
of the previous year has been 

straw present on the soil. If the harvest 
be poor and the protection will be re

poor, the quantity of straw will 
on a sloping soil, this stU;i tay be

duced. In case of heavy rains, 

carried away. Thus it was demonstrated in Senegal that a harvest of 

4 tK "C straw is not enough to ersure
1500 kg/ha of millet yielding 

and that the tonnag, must be doubled with contribuadequate protection 
tions from uutside. In general, the cov,_,rage is adequate in humid zones, 

the dry zones where the role of infiltrrtion is primordial, it
whereas in 

to produce the iuantiti c required (thopart, Niicou and Va
is difficult 
chaud, 1976).
 

of moistur, courvation and evaporationTo be efficient in terms 

control mulching must be as=octatcI with weeding. 

During the cropping cycle, it it somewhat efficient in reducing 

also !makes it possible to store
evaporation as compared to bare soil.; it 

water, but it may favour deep seeping inasmuch as the root system of the 

is the case in the absence ofplant is not adequately developed, which 

tillage on soils with mediocre porosity. 

does not allowThe drawback of mulching when used alone is that it 


for semi-deep plough with turning over . Therefore, the roots are at the
 

surface, which make the plant even more sensitive to drought. In order' to 

to techniques of soil
mitigate this drawback, one tries to associate it 


are far from being convincing.tillage on the row but the results 


one could think of taking the residues out of the
Theoretically, 
this would require

field, tilling and then bringing the residus back. But 


much work and it is preferable under these conditions to make manure,

too 
compost or simply to incorporte the residues directly into the soil. 

the 	 soil
The 	 presence of this layer of undecayed organic matter at 

rise to other, problems. 

the problem of weeding: one omut resort to different herbicides, 
surface gives 

(1) 
that is, to certain technologies 

(2) the problem of meclhancal seeding which can be settled only by 

motor 	 traction, 
quantity of straw.(3) 	 finally, the former must have an adequate 

But in tW semi-arid West, African zone, straws arc used as 

animal feed, as fuel or as construct on material. Therefore 

it is in he zones where the problems of hydric supply are the 

most crucial that this tQchnioue is less likely to be put in use. 

But it remains very interesting for' zones recently cleared, in 

soils with good structure.
tropical humid en"ironments on 
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CONCLUSIONS
 

We have tried to recapitulate in one table (Table 9) the efficiency
 

of different techniques on water conservation, for each of the following
 

objectives:
 
(1) to improve infiltration,
 
(2) to facilitate the use of stored water,
 

(3) to preserve water.
 

We have assessed in a very simple manner how each technique would
 

help meet those objectives:
 

- = no action, 
+ = not very efficient, 

++ = efficient,
 
... = very efficient.
 

We have added a fourth column in which we highlight the problems
 

raised by the application of the technique.
 

This has been done on the basis of experimental data at our disposal,
 

with much objectivity. A rapid reading of this table makes it possible
 

to deuermine the most efficient interventions and to think a priori of
 

the must interesting combinations. However, the experimental results may
 

moderate this trend by highlighting the importance of pedoclimatic con

ditons.
 

We can see that most soil tillage and water conservation techniques
 

are relatively efficient in terms of rain water collection (reduction of
 
same
runoff, increase of infiltration), but that they do not have the 


plants.effects on the use of this stored %.ter by 

lies in theirThe s.isential difference, in terms of their efficiency, 

capacity 'o facilitate the developmcnt of the crop root system, particular

ly at the beginning of the cycle, and in their capacity to allow for the
 

presence of a deep and extensive root system to ensure the hydric nu

trition of the plant during dry periods.
 

But it must be noted that no technique is universal and that each
 

of them must be adapted to the context. Indeed, it is observed that each
 

of them depends on:
 
(1) the soil (texture, structure, depth, fertility),
 

(2) the climate (total rainfall, distribution),
 

(3) the vegetation, and
 
(4) past farming practices.
 

Finally, the socio-economic context plays a major role in the possi

bilities of application.
 

For example, it is illusory to talk of mulch in a country where all
 

or of deep ploughing when motorization is El luxury
the residues are used 

not very widely distributed.
 

Flat tillage requires minimal equipment and time available for work.
 

Tied ridging requires an important effort from the farmer.
 

Therefore, a judicious choice must be made in relation to the situa

tion which one is undergoing.
 
* .1,. 



Table 9. Effects of different techniques and problems raised by their application.
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> 

0 
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runoff + ++ ++ ++ ++ ++ +++ +++ + 
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0 
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SOIL PREPARATION IN IHE SUDAN SAHELIAII ZONE:
 
PROSPECTS AND CONSTRAINTS
 

P. DUGUE1
 

During the past 15 years, development authorities have embarked upon 
animal traction extension activities in the Yatenga.Province, of Burkina 
Faso. This constituted one of themajor themes for de'velopment activities 

* among farmers. The number of equipped farms keeps increasing: in 1965 
less than 8% of farms possessed animal traction materials whereas in 1973 
equipped farms increased to 13%. Presently, the figure is in the neigh
borhood of 20% (it is over 30% in some villages). On the other land, Ya
tenga has considerable potential in draft oxen and this helps in the fur-. 
ther spread of ariirna traction provided agricultural loan schemes are 
maintained. It is in this connection that the Yatenga Research/Develop
merit Program was initiated to develop a technical base for an increase in 

For.-three consecutive years (1982-1984) 'the Yatenga experienced the
 
lowest rainfall ever recorded (Ouahigouya 1921-1983). Consequently, the
 
adaptation of cropping and producer' systems to the drought became the 

* priority theme for our activitias. Besides variety related aspects (the.
 
introduction of early. 3ind drought resistant varieties, the development of 
water economy techniques Iwas Iundertaken inIcollaboration with farmers 
from two villages. 'Soil preparation is one of the major elements of rain 
water conservation. In this connection, we shall base our findings on 
the utilization of ox traction equipment which are often found in , this re

< 	 - ,i o. = i ' ,U . -,+A + !./',.+<, ,+ v 
gion.2 First and foremost wewill develop the agronomic aspects of soil:
 
preparation (study of the relationship between techniques-water-soil-plant),
 
then we will discuss the degree of animal traction utilization by the far
mers, with reference to case studies of some supervised farms during three
 
asricultural seasons.
 

MATERIALS AND METHODS
 

The Yatenga Province, lo cated in the North-Eastern Pjart of Burkina Fa
so (Fig.1) includes some of the most degraded soils in the country. This
 
degradation is explained by two major factors:
 

(1)a high population density ranging between 50 and 70 inhabitants/km
2
 

in the central part of Yatenga and around 25 inhabitants/km
2 at the
 

peripheral areas of the province,
 
(2)considerable reduction in rainfall since 1970-71;
 

this reduction has been marked since 1982 (Fig.2).
 

1	Agronomist, CIRAD/IBRAZ. Internationql cooperation Center in Agricultu
ral Research for Development (CIRAD)-IRAT, Burkina Agronomic and Zoolo~si
cal Sciences Research Institute (IBRAZ), BP 596, Ouagadougou.
 

2 	The operation area presently consists of three villages: Sabouna, Ziga,
 
Boukere.
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Fig.1. Location of 	the Yatenga on a map of Burkina Faso.
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Fig.2. Annual rainfall, 1920 to '1984, Ouahigouya, Burk.ina Faso.
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These two factors correlate with a )t~j, occupation of' cultivable~ 
lands. Farmers became increasingly ix\ .Ived in extensive farming ("cul

tivate more so as to produce more"). Accordingly,,chemical and physical 

soil fertility restoration practices disappeared. The poorest lands were 

farmed and erosion resulting from the-wind, the.run-off :and degradation of' 

natural vegetative cover reduced the cultivable land potential with each
 

passing year.
 

Rainfall and plant production. The mean rainfall at Ouahigouya for the
 

past 20 years is 593mm. Within our reference period (82-84), the 1982 rain

fall was the best, so far as farming is concerned (Table 1). Theseason
 

1983was marked by two 10-day periods of drought in August causing a delay
 

in flowering. Yield estimates for three major crops, millet (75% of culti

vated land), sorghum (20%) groundnut (5) demonstrate the interest in the
 
This made it possible to
cultivation of sorghum on lowlands (bas-fond). 


have more stable yieldexceeding 1000 kg/ha, irrespective of the year.
 

Table 1, Rainfall recorded at Ziga and Sabouna within tl-e past three years 

... estimates-of yield at Sabouna. 

Yield at Sabouna
 
Rainfall 


On millet On sorghum
 

Groundnut
Year Ziga Sabouna slopes low lands 


mm- kg/ha
 

1982 400 402 300-500 1000-2000 300-500
 

(-32%)' (-32%)
 

410 150-300 1500-2000 100-300
1983 457 

(-23%) (-31%)
 

1984 350 280 0-250 600-1200 0
 

(-41%) (-53%)
 

1
Variation in relationship with the mean 1965-1984
 

Animal t raction and p roduction s ystems. Animal traction was introduced in 

the Yatenga by Mossi farmers from the "Office du Niger" towards the end of 

Since 1965 ther- 'ave been various extension operations promothe 195Us. 

ted by either creuit or c;4....
payment sales of animal traction materials
 

(plough, houe manga, multicultivator) in the Yatenga. The seed drill has
 

never been advertized. Moreover, the province does not have any animal or
 

operator training center. For purposes of demonstrating the interest of
 

producers in these materials, we provide be]ow figures on sales provided
 

by the ORD (Regional Development Unit) in 1978/1979:
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Credit Cash payment Total 

TOM 14 Plough 20 380 400 

VM2 M Plough 
Houe Manga 

184 
148 

259 
252 

443 
400 

The figures in Table 2, covering the Ziga and SabC'una areas were ob

tained from an "animal traction" survey carried out in 1982.
 

Table 2. Figures for farms asing animal traction.
 

Item of information Ziga Sabouna
 

Size of sample surveyed 60 50
 
35
351
Animal traction, % 


Farms with a plough, % 20 35
 
152
25
Farms with a houe manga, 


1
At Ziga: Some farms had a plough and a hoe and others had only a houe man

ga.
 
2
At Sabouna: Animal traction farms all had a plough, in effect the 15%
 

houe manga corresponded to multicultivators (hoe+plough+ridger).
 

The introduction of 3nimal traction at Ziga began as far b-ck as 1965 

with the sale of houe manga (donkey traction). At 'abouna, farmers purcha

sed the first ploughs on a cash payment basis at the Ouahigouya market a

round 1970 (groundnut anJ cotton sales). Following the creation of village
 

groupings (1972) various credit operations enabled the farmers to purchase
 

equipment.
 

In almost all c:ases, fnnrers adopted animal traction (horses at times
 

but rarely donkeys). At Ziga, a certain number of farmers preferred working
 

the soil with the houe manga (faster). At Sabcuna, the first hoes (weeding
 
1 


triangle) were obtainea from the 1981 "multicultivator" credit scheme.
 

Before that time, farmers did not have ploughs.
 

In the two villages, soil tillage before sowing was a lot more develo

ped than mechanical weeding. At Sabouna, the latter was introduced by the 

Research/Development Program in 1983 and 1984. At Ziga over half of the
 

animal traction farmers ueedud rrechanicall'i. Cereal ridging with ridgers 

was not practiced at Sabouna where there were 20 ridgers (there was only
 

one at Ziga).
 

or1Apicofir multicultivato,': :n equipment combining the plough, the three 

four teeth weeding trianjl~e and the ridger: Plough, very often the nine 

inch oxen model; houe manga, or five teeth, shallow cultivation and 

hoeing. 
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eie982figures are higher than those obtainedn
 

past two years, due to poor harvests, some farmers have been selling ,their
 
materials and draft oxen. Others emigrated towards South Western Burkina
 
Faso with their animal traction materials.
 

Types of soil and soil tiLlge No discussion on.soil preparation in the
 

semi-arid zone can be objective unless it is based within the context of 

farming systems. In the Yatenga, it is necessary to stress the importan

ceof 'he.distrbution of soil types per agricultural farm. At Sabouna, 

the soil toposequence is characterized by relatively steep slopes (> 
1%) 

The soils on the slopes areand a lateritic hard pan on the upper slope. 


more or less degraded, gravelly soils, compacted soils, zones more 
condu

cive for sandy farming (Fig. 3). .
 

press on
 
Spe Lowland So 


(brown
 
soil)
 

Fig. 3. Toposequence pattern at Sabouna.
 

Source: J.Y.Marchal, ORSTOM.
 

RESULTS AND DISCUSSION
 

From the point of view of chemical fertility and water characteristics
 

in the rainy season, the best lands are located on the lowlands (bas 
fond).
 

It can be concluded from surveys conducted (for three years on 20
 

farms) that presently farmers do not work on lowlands and that light soils
 

(sandy, non compact clayey-sandy or sandy-gravelly) are the most 
tilled or
 

Farmers rarely worked on compacted soil (Zippele "in
cultivated fields. 

Mor6,,)due to the weak traction strength of the oxen and the poor water 

in

filtration on such soil with destroyed scraping of arable 
sandy horizons by
 

several tens of centimeters. The farmers there practice direct sowing (wi

thout much success) either with hoeing-weeding or with the 
"Zai" technique:
 

before the rainy season, holes are dug at spots meant for future planting
 

The soil from these holes are mixed with manure.
hills. 

This demands a lot of time before the rainy season. 
Mechanical tillage 

of
 

the soil combined with plot management could help restore the fertility 
of
 

these areas which he're become wasteland.
 

Even though Yatenga is located in an area with climatic risks, 
no ex-


The GERES program
periments in soil tillage have been conducted there. 


which managed thousands of hectares between 1961 and 1964 did not undertake
 



II 
any studies of this kind (very little field materials were then availa

ble)., However this project recommends raised ridges or banked-up bed cul- '"< 

the contours, to reinforce anti-erosion devices.tivation, depending on 


From 1982 to 1984, -IfAT carried out two water 'economy trials at Ziga
 
to make an internal compariand Sabouna. The objective of the trial was 


son of different techniques with a control' that has not been tilled (di

rect) sowing is practiced on over 3/4 of the cultivated area). Treat

ments were chosen from observations of farmer practices and working day
 

Thus in 1982 we compared two ridged spacings
availability before sowings. 

farmers who had tested
at Sabouna. This'was related to the fact'that some 


less spaced as compared
this technique in 1981 made ridges which were 


to ridges of those conducting the experiment (0.60m between rows instead of
 

0.80m). We also tested repeated weeding after each heavy rainfall (that
 
so as to break the
 

'.' is five to six weedings for a plant cycle of 90 days), 


soil crust'and thereby reduce the run off.
 

During a meeting we had with the farmers, they recounted the dif-

Thereficulties they had in tilling large areas of land before July 10. 


upon, we proposed a treatment that will postpone soil tillage (even though
 

limited in this case) until after sowings. The sowing consisted of row
 
1 


cropping on soil that had not been tilled or cultivated. A month after 

! '''' .ear emergence, oxen were used to make ridgings which were manually tied 

At Ziga, the trial was carried out on a shallow soil that was sandy-

Beyond this, the hardpan'
gravelly on the surface and sandy up to 60cm. 


was cropping out. The trial with local sorghum in 1983 failed, mainly be

cause the soil suited millet. At Sabouna, the trial was sited on a sandy
 

soil (0.30cm) covered with a brown entrophic horizon, more clayey and well
 

structured.
 

We will discuss here, grain yield from different treatments. Various
 
Moreover these comments have
comments on water and crop profile were made. 


been published (cf list of references).
 

The difference between the control and various soil tillage treatments
 

was more pronounced when the year was dry (zero yield on the control at Sa

bouna in 1984). In a'year such as 1982 with 400mm of satisfactorily dis

tributed rains, yield gains were around 30% .in the case of flat tillage as
 

compared to the control. This gain corresponded to'that obtained under ana

logous climatic conditions for millet cultivation in Senegal. On the other
 

hand, in 1983 and 1984, there were considerable disparities. On the two
 

sites and for the two years, yield from the control did not exceed 150 kg/ha.
 

Irrespective of the techniques used, the farmer largely lost his additional
 

working hours.
 

Differencesh etween the t'echniques. In 1982 tied ridging did not result in
 

any benefit from the additional work involved; flat tillage offered the
 

best yield. In 1983, a year with poor rainfall distribution in August,
 

tied and ridged treatments exceeded flat tillage but this difference was
 

In Ziga where stalk results were significant, flat tilnot significant. 

Table 4) and flat tillage with tied ridges exceeded the
lage treatment 


other treatments in terms of dry matter Weight.
 

1Scarification (in moist soil) reduces labor time by 50%.
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Table 4. Results of water economy-soil tillage trials.
 

Yatenga, 82-83-84.
 

Ziga 83
 

Sabouna Sabouna Sorghum Sabouna Ziga
 

millet millet grain 1984 1984
 
1982 1983 (straw) sorghum millet
Treatment 


- kg/ha
 

Direct sowing 	 1083 15:2 157(1324) 1 69
 

Flat tillage 	 1378 609 204(2538) 166 130
 

Ridging (0.80m) 	 1267 565 134(1803) 421 258
 

--Ridging (0.60m) 	 1255 - - -

Flat. tillage, then ridging,
 
then tied ridging (3 weeks
 

- - 118 1314 725
after) 


Direct sowing (or ulti
vation) then repeated 
hoeing (5 to 6 times) 1099 535 381(2248) - 346
 

Flat cultivation and tied
 
- 863 236(1730) 89 348
ridging 


Flat tillage, then tied
 
- - 17(2931) 330 456
ridges 


The t. ial at Sabouna i n 1904 was almost completely destroyed by drought. 

At Ziga a poe;itive effect of treatment involving mounding and ridging was no

ted with the local millet after 3owing. Before sowing, these two treatments 

were ploughed or cltivated. 

Due to problems posed by succe]sive drought periods, this first experi
conclusiions for the timementation phase can only enable u.'; to drew ;--rti 1l 

being: 
(1) Any seil tillaipe techniques largely surpass the direct sowing 

control.
 
In a normal year' (it is estimated that ',OOm of' appropriately
(2) 
distributed rains suffice for a 90 days millet) flat tillage
 

is equivalent to ridging treatments. 
(3) 	The two "Xlternative" trealments (not tilled before sowing but 

rejected for purposes of pre--xploughed frs)m then cn) are not 
tension. These two treatments help to defer the' labor peak 

period to the sowing period, 

These results will be discussed in relationship with the present situa

tion of farmers from the Yatenga. in 1981, voluntary farmers from Sabouna
 

were proposed a land improement technique package: pioughing + manure
 
or natural phosphatc + urea) + conveniently
(5t/ha) + mineral manure (NPK 


timed weeding. This technique was maintained up to 1984. We developed
 
partially in 1983.
soil working trials in the two areas 	in 1984 and 
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Due to random response to mineral manuring in this semi-arid area, we in

tend intensifying the pre-extension of the already experimented water
 

economy techniques from 1985 onwards. 

Soil tillage x sorghum variety tests on lowlands; O>bouna, 1983-84. The 
to evaluate the effect of lowland cultivationobjective of this test was 

with three sorghum varieties. It was notad that farmers did not work 

6n this type of soil because they considered it too tedious for the trac
of yield.tion and less atttractive from the point of viuw 

was 
potentials in spite of low 

The response given to tillage high in respect to the two impro

ved varieties which exhibited their Genetic 
rainfalls ('able 5). Apart from beneficial effects of ploughing on the 

rooting system (it develops faster with reloughing on th; tyre of clayey 
and finalsoil with a uniform structure) and water storage at the initial 

phases of the cycle, it iz worthwhile notirng that soil tillage also helps 
)m the lowandsm , weedin checking weeds. Where farmers have their plots 

to sorghum cultivation. Some ofing constitutes the major limiting :actor 
these trials in 1903. ploughed their lowlandthe farmers who paid visits to 

fields in 1984. 

x sowing date; Sabouna, 1983. Thy objective of thisSoil tillage trials 
trial carried out on farmers' fields was to compare three wowing dates and 

three soil preparations:
 
(1) direct sowing,
 
(2) farmer tillage,
 

(3) tillage with IRAT traction equipments. 

Results c. L'orghum trials on lwlands: mean yield of the fourTable 5. 
plots at Sabouna. 

19{3 1984 

Vr'i ety PlouhilE Nodo lghisiolua;;lir_; No ploughing 

- kg/t~a ---- - - D Iih -

IRA".' 204 247W 1296 - R6% 2404 1874 + 28% 

IRAT 202 2220 1531 + 450 2328 2047 + 14,% 

local 1940 1516 + 4 ).52, L 34 1226 + -

the fact tiat farmers were wai-Tha idea of this protocol emanated from 

ting until the end of June or July bfor, beginning %oplough (this timing 
(very often for groundhelped to eliminate the first weeds) certain fields 

rains for direct sowings.
nuts) while reserving the effect of the first 
This conflicted with extension r'.cormerrdairions which specify that plou

ghing must Fs with the first rains. 

Without ploughiing, yield was very low irrespective of sowing date, 

I qx/ha (Table 6). Flat tillage made it pos,sible to obtain a produc
around 

Even f this Level o' yield is low, thistion lov.l arorHM 3 to 4 x,/ha. 
icint KI we crnsider th, food -ituIation of'

diffrerencc o" I qx/ha is sign 

the farmer rd his tfm i y. The plouhin.g wade by the farmer ,ave lower 

yield than that of plot underr LiAT ,'n' iament in two out. of' three cases. 



DUGUE 41
 

Paradoxically, plots that were so;m late produced the best yields.
 

This is understandable in so far as millet is highly sensitive to photo

periodism. Furthermore there were several phases of the drought (second
 

in August = 80mm) affecting parti10 days in August = 20mm, third 10 days 


cularly the early sowings.
 

Table 6. Test results of millet sowing date x soil tillage.
 

Yield
Zoil tillage 	 Sowing date 


kg/ha
 

Direct sowing 26 June 	 107
 
180
26 June 

331
 

Farmer tillage 

IRAT tillage 	 26 June 


Direct sowing 4 July 90
 

Farmer tillage 
 4 July 261
 

IRAT tillage 4 July 371
 

Farmer tillage 11 July 412
 

IHAT tillage 
 11 July 	 361
 

In the course of our contacts with
Tied ridgus test; Ziga-Sabouna, 1984. 


producers from two villages we made the proposal to compare thb following
 

three soil tillage techniques:
 
(1) direct sowing,
 

(2) flat tillage before sowing,
 

then ridge tying one month after ear emergence.3) eidging, 
Due to the June-July drought, farmers could not perform these tests. Rid

ging required a soil-moistening rainfall of at least 20 to 25cm. 

In 1984, larmers ploughed even thourh soil dampness ranged between 10 
there was row
 

soil tillage had been effected, comparing flat
 
and 20cm depth. The test was resumed in August on plots where 


cropping but where nc prior 

tied ridges on grain proweeding and tied ridges. A look at the effect of 


duction shows that the yield obtained was low (Table 7). This proves that
 

, t ;i difficult to "receover"
 a month or a month and a half , :' ' 

dircct s:owing which does not fathe initial situation (i.e. in thi; ca,, 


vour crop vegetative growth) 
 On the other hand, it was too late when 
31 andwere recorded at Ziga after August 

73mm at Sabouna), making it impossible to store large quantities of water
 

On somc plots, the effect was either nil
 

farmers ridged (95mm of rairin 

for the end of the millet cycle. 


or negative (light sandy-gravelly soil). This technique involving ad

applied for certain soil
ditional work at the second weeding, must only b 


types and areas with pronounced run-off.
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Two weeded plots gave no yIeld.
 

Table 7. Results of tied earthing up trials on millet. 

Sabouna I Ziga
2 

First Last First Last 

Treatment 

earthing 
up date 

earthing 
up date Yield 

earthing 
up date 

earthing 
up date Yield 

kg/ha kg/ha 

Flat weeding - - 1833 - - 1984 

Tied earthing 

up August 20 August 27 280 August 20 August 31 270 

1 Mean of 7 lecdtions. 
2 Mean of 9 locations. 
3

4One weeded plot gave no yiel-c.
 

A soil tillage technique must
Observation of crop profiles after tillage. 

1984 we made
first of all be assessed ,.t the level of crop profile. In 

several series of observations on plots tilled by farmers after June 28 

rainfall (15 to 20 mm depending on Sabouna village soils). These obser

vations are presented in the form of diagrams. 

The profile (Fig. 4) is 	 dry on July 2; no moistening, front. The 

28 on a rather dry soil, hence the presencetillage was achieved on June 
is locateddf quite hard thick clods on the tillage strips. 'Inu fine soil 

in the furrows. 

20
 

( 	 15 

Fig. 4. Observation of' crop profile after tillage (K. Salif - Ist obser

vation). 
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Horizon tilled dry to wet (Fig. 5); the hardpan is wet; no thick
 

clods; small crumbly clods. Tillage more regular, deeper (9 to 15 cm).
 

2 0
cm
 

10~
 

(K. Salif - 2nd obser-Fig. 5. Observation of crop profile after tiliage 

vation). 

effected by Sa

to the sipacing between 
From these obserwvations, the pour quality of til1age 

bouna farmers can be notcd. Thi:s is mostly due 

passes of the plough. Farmer's tried to plough the field too rapidly and 

carelessly which re-ul ted in depth and profile irregularity. The plough 

is sometimes. leani ro and thus crente.; here and there poorly ploughed 

areas which are detriment'il to rooting. 

tho farmer achieved veri'y Iineven amid .spaced tillage. TheIn FLg. 6, 
pass of the plougih (too much loanug) can bo ci ir .y observed. The til

led horizon is dried up; the uderlyini, hori'.on is wet up to 25 cm in 

depth. 

!4
 

2.3 Cm
 

Fig. 6. Observation of crop profile after tilla-e (Csardy soil). 

http:hori'.on
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In Fig. 7. the tillage was done on dry and compact soil; the pro

file is totaly dry. The worked horizon is composed of small crumbly 

clods. Highly superficial tillage equivalent to a scarification. 

c0 

Fig. 7. Crop profile after tillage on degraded clayey (sandy soil). 

to 
- tight til-

Ideal tillage (Fig. 8) is difficult to achieve at such a date due 

the low rainfall - depth ranging between 15 cm and 20 cm. 


lage strips - pass every 20 - 22 cm. H1orizon composed of clods and fine
 

soil.
 

C1m 
20 

151':-" 

) 

Fig. 8. Diagram of profile after "ideal" tillage. 

Farming tmtable: uti]za ion cf animal traction equipment on three farm~s 
since 1982 to deterin the Yatenga. We present below throe cases studied 

mine the degree of animal trazction uti lization by the producers. We shall 

to the 183 farming season. 1984 may e considered as a verymainly re~f'r 
ecept i nal year ad not n the least conducive for soil preparation befo

re sowing. 

It must to aoted that these three farmers do nt weed mechanically
 

and do not practice row cropping. The nunber of active workers (Table 8)
 

on the farms helps to synchronize tilling and sowing on all three farms
 

(two to three persons are in charge of ploughing). 
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Table. 8. Equipment of the three farms surveyed, 1983.
 

Name of Basic Secondary Draft Number of 
farmer equipment equipment animal active workers 

Abdoulaye 	 Complete No furrower 1 draft 
multiculti- ox 
vator (ORD) 	 1 donkey 
credit 1981
 

Salif 	 Cattle No furrower 3 draft 5 
plough (..,RD 1 plough oxen 
credit 1979) 

Mahama 	 2 ploughs No :urrower 2 oxen
 
1973 (re
paid 1981, 	 (but not used
 
ORD credit) ORD credit 

I horse 7 

The importance 	of sorghum on these three farms is worth raot-n (Tabl,, 
9) this is related to the type of soil cultivated. Groundnut undergoes cor
siderable speculation by the farmers, Abdoulaye and Mahama. These three 
farms are characterized by hectarage ratio cultivated by number of workers 
exceeding the averare which in around 0.8 ha/worker. 

The distribution of soil types according to fnrms to very different 
(Table 10). However all there farms have fertile Jands which are dif

.
ficult to plough either lowlands or on piedmont (brown eutraoph : soil of 
the depression). Thene soils are however tillable if the rains are sur
ficient at the beginnig of the rainy season (these soils mol nte, mope slow

ly than light soils). Gravelly soils are of' minor significance aoIl the 
farmer, Abdoulaye can not ever plough the hilly lands which are too sloping 
and stony. We c an then estimate the size of tillable and easily tillable 
area for three farms (this corresponds to light soils). 

Table 9. Crop rotation in 1983, including individual fields. 

Sorgh- Per 

Farmer 
Mil-
let 

um/ 
millet Groundnut Maize Ricte Cotton 

Sesame/ 
sorrel Total 

wor
ker 

ha 

Abdou- 2 2.55 O.s0O 0.05 - 0.40 0.80 6 1 
laye 
Salif 1.98 2.21 0.32 0.15 - - - 4.72 0.94 

Mahama 5.05 1.65 1.30 0.15 0.12 - - 8.35 1.19 
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Table 10. Distribution of soil types. 

Size of
Brown 

eutrophi Hilly Clayey wasily
 

low- Size of til- tillable
or claiy vGra-	 low-
land land laulo areaFarmer sandy olly Sandy 

Abdou- 54 7 17 22 - 1,68 

laye
 

(78%) (590) 

9 7 37 - 47 4,72 2,50Salif 

(100%) (53%)
 
8,35 6,68Mahama - 7 73 - 20 
100%,) (80%I0) 

IPercentage of total cultivated.
 

Q&L 1983 and 19534. For each croppi.ng season,Soil preparatio: dates in 1

and days of ti]a.ini> by farmer are graphically representedrainfall days 

(Figs. 9, 10 and Ii).
 

Days for soil, prc ar'ation. 0i;'t,,rrnal 	plou hini corrospon'is to the hiring 
Fula& herder (W;:o oh:.Jrved inof services to another Farmer ,r t., a 

1984). It was in 19.3 hat rors :Uostly oia'hed (with tho plough, no 
of avail able working daysshallow cultivation with the 	No). The number 

in 1983 exceoded those of 1" and 190. E.Ireover, p]ota' were directly 

sown in 1982 aft, iy early rU NTom. 'by 7 to (i.a 30). As a re

sult, the number of'o ina dqys in 1984 was Greater than 0'- equal to tn.oe 

number of' - daly n I,no" .
 

few cases, farmers moatly ploughed
Date of soil preparation. K. opt in 


in July and even at timn: in August At.i, the days in June.
during last 10 


Farmers rarely utliz d the el ci (thorey of May 1982 and May 1983)
 

even on lowlrds where thre cunotf provides somen aer. it is necessary 

however to draw attention to some pnughing trials on lAwlnds at the
 

beginning of the rainy oan', thy ,27, 194, aba:n; June 11 19A/, SS
 

lif; June 4 ad 5, 18PSatif. On th ocher hnd, frrm' may r.cF he

sitate to pough awd sow late in 1heseuaon, altcr uv I -1 96- al
date. The <_lmo thingmust 40% of' soil pi;aeratian day:' were after' this 


nround lite July, ,u'ly August.
happened in 1984 when ra in'; occuired 
that owing is only possible 	 (millet orIn July, theofa rsee 

,oil s tilled.groundnut or early IRAI 204 type )f s haa 1if' tic 

Groundnut maize and sesame fields are systematically ploughed (as
 
In 1983, the farmer Sawell as individual fields) and owed lately. 


lif, tilled fields an areas next to lowlands sad then grew sorghum 
 on 

these areas. This late tillage (July 3 to 6) was inevitable since he
 
or June 10 and 19 rains) in
would not have sown earlier' (with the May 26 


plots by that time, he preferred
view of grasses that had grown on thoe 

to plough the lowland.
 

http:croppi.ng
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ABDOULAYE 8 days; 1.37 ha; 0.17 ha/day
 

Work related to, 
So hi-um illet Peanut Maize Sesame Off-Farm 

4- 8 
: SAIF1 days; 2.?5 ha; 0.17 ha/day 

0 

MAIIAMA 6 days; 0.80 ha; 0.13 ha/day + 1 day of labor off-farm 

4. 

50 

401 17 mm, May 7
 

5 mm, M-ay C."7
 
-3 mm, May 30
 

,.-. 

10
 

'20 

1 21015
 

june 1]Yugust
 

Fig. 9. 
Rainfall and number o' days f fieldwork, 1 98, 
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ABDOULAYE 19 diys; 3.02 hci; 0. 16 ha/day + I day off-farm 

Worl: rcLated to: 

12 Sorghum Mi le t r enut R ilNe ' n C, uff-far Ri t2 

0 SALIF 16 ty ; ; 15 h: 1 ha/:l y + 4 dauy:u oft-farm 

12 

'INN 

uu 4 

MAHAMA 16 dtys; 3.'0 1 a 0.C 3 h /ay
 
121
 

8 

40
 
5,3 ram, M, v 17
 

3 min, P 111 lo0
 
I !.!JZv')')
IV mr'l, r?1
 
153 mm, !'j,-iy 30
 

30 

,-4 20 

10 I II lii 
5 10 15 20 25 5 10 15 20 25 1 10 

June July August 

Fig. 10. Rainfall and number of days of fieldwork, 1983. 
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ABDOULAYE 10 dayj; 1.70 ha; 0.17 ha/day
 

Work related to:
 

Sorghum Millet Peanut Maize Off-farm


12_ _i i 

0 
.C 

SALIF 11 days: 1.71 ha; 0.15 ha/ha 

o 

-1 

MAIHAMA 12 days; 2.52 ha; 0.21 ha/day + 3 days of labor 
off-firm 

4C 

4mm, May 2l 

11 mm, May 26 

3cC, 
PC 

mi , , II III ,, , , 
5 10 15 20 25 1 5 10 15 20 25 1 5 10 

June July August 

Fig. 11. Rainfall and number of days of fieldwork, 1984. 
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crop, 1983.Table 11. Enumeration of ploughed areas according to 

Crop 

Millet Sorghum Groundnut Maie,, ice SesameFarmer 

Abdoulaye 61 . " 	 6 

b
Salif 28 !4 P3 
- 42 - 3 -Mahama 

oxen are rarely c:!ajbl,, 	 of workingTilled and tillable areao. Draft at 

to the scarcity ef fodder (farmersthe beginning of the rainy :season due 

do not have the necessary financcial resourcer C ;r purchas;ing concentrate, 

).bran, cotton [rains ind 	 cotton Tic d cake ... 

y doe:; riot ex.ed (.23 iecta-The averaje ar.: of ]nd ti d or 

res and in fact the iverage .ioaronri 0. 17 ha/dlay. oY"- ilge seedbed 

how vr shown thit farn':; do nut proepLy space sucexaminations have 

cessive panses during plongir irC. F-irmrr qico . :; ive plough passes 

c-virg of 30 to 50 compared to correctwidely apart to make n tima 

tillage (20 cms spacing). Studies made on soil pr'eYi.Yit ion at experimen

are of Lrg aboutot oxen c b] ,f ploughtal stations indicate that N pair 
0.25 ha daily. 

Here, we only take into consideration, 'ti"te or KilaI10 areas 
ible f,,r a!hLaa to tillbased on soil type (Wee 	 Table 10). It. in not p 

6.68 	ha per annum using a single traction (in view of the limited availa-

Table. 12). Sal if is the most regular, where betbility of working days, 

gument folween 75A and 90% of easily hi l'tale areas 'ire tilled (our : 


lows these lines in view of the technical standard of the farmers 
 and the 

condition of the draftn.i ;rial1 . 

Table 12. Tilled area, 	 ti.lable and easily tillable area. 

'illea areaEasily 
1984Till- till- 1962 1983 

,; '. a , 	 " of of 

Pa A B'AA P ia A ,Farmer (A) 

1.37 3 8i ( 6. 81 1.70 36 40Abdoulaye ,. 
.. , 45 . , t 1.PAI W 68

Salif ". 	 5.70 3/4 V)1 '. ) Y37]Maharn. A:: ,. P .1!) 10 ia 

l.ho cul iv It.J h!a! l y v :riV : ,i.; e r' t,, rr!e) next. Fa Lowing 

is aiost Nil.. 
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" 	It therefore seems (except to a lesser degree for Salif) that farmers
 

use 
tillage primarily as a;catching up and weeding technique'when the
 
rainy season is belated. There is no systematic utilization (for example
 

,
 .
 

clearly show this.0
 

Farmers using animal traction apply the following strategy:
 

ploughing a field 'everytwo years) of animaltraction. The 1982 result
 

(1)direct sowing in conjunction with the early rains (May, early
 
June and even April on lowlands) even if this entails risks of
 

having to make several resowings; in 1982 areas which had to be
 

resowed were small and therefore 
available land to be ploughed
 

was limited;,
 
(2).late June, continuation of direct sowings and tillage of the
 

most grassy plots;
 
(3)early-July, fields-where sowings were unsuccessful were tilled
 

and resowed ("catching up" technique);
 
(4)late July and early August, tillage and sowing of groundnut, se

aresame and maize-when the major crop (sorghum and millet); 

well established in exceptionally dry years, lands on which mil

*let could not survive are tilled and the millet resown.
 

ythe Rainfall distributiodi base..
* 	Available.and necessary working days. 

line data for calculating the number of days available for soil prepara

tion (Table 13). Sowing must be terminated before July 10.
 

Table 13. Days available for soil preparation.
 

Days available befo- Maximum and Minimum
 
re July 10 (corres
ponding tilled hec- Days avai.lable Before Before
 

Year tares) 	 before July 31 July 10 July 30
 

day
 

1982 8 (2ha) 11 8-5 11- 6
 
19-16
1983 13 (3ha) 	 20 11-9 


8 2-4 9-6
1984 2 (O.5ha) 


Available days before July 10 are very important and farmers attempt
 

to sow as early as possible. Consequently, farmers have a tendency to
 

till soils that are too dry during the period late June to early-July
 
the soil is generally quite wet,
(especially in 1984). After July 15, 


but after this date, it is inadvisable to sow except sesame (July 15- Oc

tober 15, 90 days). In this case, it is impossible to plough all of the
 

easily tillable areas before July 10 using a single traction. In 1983
 
Ab(the most favorable year) Salif was able to till all of his land. 


doulaye tilled 84% of easily tillable land while Mahama tilled only 45%
 

It is therefore necessary to develop other strategies for purposes of
 

better utilization of resources existing in the Yatenga_
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CONCLUSION
 

Various remarks that have been made within the past three years 
(particularly dry:years) in the Yatenga with respect to crop profile and 
farming systems, make it obvious that animal traction equipment potential 
(draft animals and equipment are underutilized. Even if farmers, resear
chers and development agents agree that soil tillage before sowing is 

important the practice is cnly used on limited areas where only late crop

ping is practiced. This is related to different constraints:
 
(1) The most important constraint is the poor condition of draft ani

mals. The lack of village groupings and acricultural develop
ment organizations is a serious problem; this restricted thc use
 

and value of agricultural by-products, which could have been uti

lized for draft livestock.
 
" (2) The second constraint is illiteracy among farmers. They hardly
 

.. .know how to use row cropping, the furrower, the cultivating yoke
 

and the ridger (even though they have bought them).
 

* These constraints (including of course the poor maintenance of equip
ment) largely lirit the possibilities of preparing the soil before sowings, 
more so when the available number of days before July 10 is limited Ca

-
.bout 8to -10); -It becomes--necessary-therefore--to-work-with-maximum .effi

ciency now and anticipate the use of two pairs of draft animals per farm.
 

Experiments on different water economy techniques,carried out by
 
IRAT in the Yatenga also demonstrate that soil tillage activities could
 
be postponed. Accordingly farmers must be initiated to tied ridging which
 

must be done just after tillering (in our view, manual ridging does not
 
seem to lend itself for extension at least on large areas). However, the
 
risks involved in direct sowing in dry years are now known: rampant late

ness of plants, more frequent resowings. These risks are all the more
 

pronounced on soils with a destroyed surface structure and these soils
 

are increasingly frequently cultivated.
 

From the development perspective, optimum utilisation of animal. trac

tion could be envisaged in the Yatenga (Bara, 1976) by combining anti-ero

sion management of plots and different soil tillage techniques: early til

lage in the lowland areas, flat tillage before sowing in other areas, de
pending on the contours and shallow cultivation (wet), then tied ridges on
 
areas that could not be tilled before sowing.
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WATER.AND SOIL CONSERVATION BY FARMERS 

Peter WRIGHT
 

2 is located in the Yatenga pro-
The agroforestry project of OXFAM


There have been two phases:
vince of Burkina Faso. 

(1) research, 1979-1982,
 
(2) extension, 1983-1986.
 

The objective of the research phase, with the participation of the
 

farmers, was to develop water harvesting techniques capable of stabilizing
 

the degradation of the environment while increasing the productivity of 
the
 

The extension phase aimed to spread the utilization of the technisoil. 

ques to a maximum number of farmers within and outside the 

region through
 

short, intensive training sessions.
 

is striking.
The degree of desertification of the Yatenga region 


Eleven percent of the region had become unproductive by 1973, and 
the trend
 

Near Ouahigouya (administrative center for the
 continues (Marchal, 1983). 

region) the effects of erosion is spectacular. The relief, developed in
 

long, low sloped, is subjected at each rainstorm to surface flow 
which, 

having removed the topsoil from the upper slopes, currently 
is eroding the 

mid slopes-and this.more so due:to their continuous culti ation-then 
finally 

.--
Due to the high popuseals the soils of the lower slopes (Marchal, 1979). 


lation density in the region (75-100 persons/km
2 ) desertification holds a
 

dark future for many in the Yatenga.
 

The land degradation includes not only the loss of soil but 
also an
 

increase in runoff and subsequently a reduction of infiltration, 
in a region
 

where water is already the limiting factor of production 
(average anual rain

fall is 680 mm). Two suppositions were made in view of the above situation:
 

(1) runoff water could be used more efficiently for productive 
pur

poses,
 
(2) the farmers should be interested in such possibilities.
 

In 1979 OXFAM provided funding to test these suppositions with 
an ex

patriate forester familiar with the region.
 

METHODS
 

The first participants in the project were members of 
eight village
 

pre-cooperatives (groupements) suggested by a local forest service 
agent.
 

During group meetings the participants and the project personnel 
discussed
 

the environmental degradation and some possible actions.
 

Initially the project oriented its act.vities towards forestry 
with
 

emphasis on the planting of local species of value to the villagers. 
It
 

was suggested that the probability of tree survival would 
be increased with
 

a rectangularly disposed network of earthen barriers called micro-catchments
' 


1 Agronomist, OXFAM Project, B.P. 489, Ouagadougou, Burkina Faso.
 

2 OXFAM, 274 Banbury Road, Oxford OX270Z England. Regional Office: B.P. 489,
 

Known for its relief work, OXFAM, a non-govern-
Ouagadougou, Burkina Faso. 

mental organization, also funds locally initiated development 

efforts in
 

West Africa and elsewhere.
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The barriers collected rainfall surface runoff,
(Shanan and Tadmor, 1979). 


thereby enhancing the survival of the trees planted therein.
 

were constructed collectively by the members of
The microcatchments 

owned fields. Several participants 	 also
each g'oupement on collectively 

tried me experiment on their own fiMlds. Choice of sites was left to the 

but while encouraging experimentation, the pro
discretion of the Farmers, 

more degraced ar, nr may be of interest
ject personnel suggested that the 


due to the abundant runoff' available For collect ion.
 

An iterative process was used throughout the period "V 1979 to 1982 

were solicited from the participants at th end of an 
whereby observations 

visits to other farmers' fialds increased
activity or season. Intergroup 

observations w4re evaluated 
the breadth of the observationz. The farmers' 


sur'viv'i) or sub
by the project through direct measure (e.g. percent tree 

were t1en suc'est' for testing
jectively. Any innouvations or orientalion? 


prv- ori inal
 
in the following sason or s''sion. Through thi" 

en 'v' form to 
rectangular network of microcatchmnms was changei to vi 

w :w in sinme of the 
reduce the labor input necessary, and local rice 

1 
water and soi1 c aii ,riscticsasecmed sui

water catchment plots where the 
oomo with 

table to the farmer'. Sorghum was accidentally sown in plots along 


First scason te farmers were especially en
the or thethe 

subsequent years action
trees. At end 

couraged by the success of the ce,.al crops and in 
At the end o1 	 three years three 

was oriented more towards cereal crops. 

farmers' orion)ttions :

definab!,' aspects were appanocit in the 
lominated the prt i.Lipant.s' interest(1) agricultural prodiction 

more 	 than planting troen, 
private 'ii idn with bar rers outnumbered collective(2) the number of 

r'icids, 

t r: a o r.Rolted an appreciation for techn0ques
(3) the indi',idu!a 

'sa.l o r0I' 	 cut, which had fallenand COn06trtI',e con cOYco 

into disuse.
 

tri th on remaned in the farrmer's'Two asoocts of' the OiltK! ierin 

trials :
 
soil: anA abandond f'ields,
(1) the treatment of MegrMed 

(2) the capture and explo.itation of 	 ranoff water. 

of the indvidual farmers' trials were 
The innovations noted in some 

of barriers across waterways. These barriers were 
primarily the placing 

made with bundles of stalks or b'rnches Fined to the ground with stakes or 

terms water 
low walls of rock or ro/eam'th. The most efficient in of 


nere those bar'ricrs whi h frollowed the contour
 
retention and 	 labor input 

lines.
 
the pos-

Two in? rm'-en t:: iitm,,: '.A y 'tI, project in 19 1' pr ruented 
Ihe farmr's. A 'tri.ngle' made 

sbility WA',atormining (ontour Lin'- to 

of wood withb plumb line, was not oplropriate b orc'.'01' the wind and low 

of ".rmaors the 'water' tube' 
slopes. AC'tcr' a year of trWias in the Oind.7 


appeareud practical and precise.
 

tho trials by over
 
At the end of 1982, the spontaneous 	 'l bi on of' 

or -averal degraded fieldsl and 
100 firc's, the wpecticular reclamation 


water, tubes convinced the project personnel that
 
the feasibility of the 


it was y-'oper to -itiateextension phase.
an 

treated an abandoned terrain with no 
1 The farmers 	 in the village of Kao 

and sorghum in 1981. 
'A' horizon and produced 12CD kg/ha 	of paddy rice 
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The approach used in the extension phase resembled that defined 

during the first phase:
 
the extension agents
(1) 	training was given directly to farmers; 

of the Regional Development Organization who wanted to partic

ipate we,'e trained along with the farmers, 
facilitate observations and the
 (2) 	intergroup visits were used to 


exchange of ideas between inovative farmers,
 

nature of the activity was Underlined: f'irmers 
(3) 	the empirical 


must 
 adapt the techniques to each situation. 

agents) roncerned principallyof farmers (and extensionTraining 
the use of the water tube to determine the 

contours. After each two or 

three day training session each groupement 
was given a water tube and 

tochniques on their private fields 
the members were invited to try the 

werp 	 often di.;couraging or unrepresenta
(results from collective fields 

tive).
 

use of the water tLu had reached over 500
 
By 1984 training in the 


A survey of 313
 
in more than 100 villages of' the Yatenga.farmers 

tube 	was performed to charac
fields treated by farmers using the water 

Typically the farmers constructed
 
terize the application and techniques. 


meters long or longer,
barriers of 10 to 50 centimeters high aird 10 to 100 

The
 
placed along the contour lines as determined 

with the water tube. 


than on a large

barriers were constructed on individual fields rather 


Barriers were mostly of permeable design,

scale such as the watershed. 


each 	barrier.
to pass either through or over 
permitting runoff water 


Construction materials used for the barrier:s were rock, stalks or
 
spp.,or live vegetation (grass, Euphorbia

branches tied in bundles, 
were 	 rare. Focks were 

etc). Barriers constructed with only earth 

f.rmer:; would transport rocks with
 greatly the preferred material arnd 


donkey carts from distance.; up to 4 kin.
 

Spacing between barriers was chosen by each farmer and varied from 

If because of shortage of labor 
10 to 50 m for slopes of 0.50 to 2-34. 


was unable to con;truct barri-rs at 
(the 	principal constraint) a firmer 

a proper spacing; he would construct a few barriers at large spacings
 

add other barriers 
across the entire field during the frst year and 


between the existing 
ones during following years. 

701 of those
 
Fields chosen for treatment were bush fields 

in 


of the Yatenga around Ouahigouya,
In the most degraded zone
surveyed. 

abandoned land--barren , cru:sted soils. Bar

45% of the fielOs were on 
to permit the capture of" sleet flow originatingrierc were oriented 

;ito:;. Indeed, for one 
from 	the degraded :urfaces upslope from these 


oF diverting water
third of all fields survyed, farmers nmade a point 


ways into the field,.
 

other soil treatment

The majority of treated fields necei w od no 

plowed with animal traction, while 33%
 
(58%). Only nine percent were 


(water pockets) which represent an efficient
 were treated with "za" 


traditional method of water harvesting and management 
of organic matter
 

Manure was applied to 60>, of the treated fields, 
and
 

(e.g. manure). 

with 	 the pockets. Less

used always associated manurethose who "zai" 
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than 20/ of all fields received chemical fertilizer. Soil types asso

ciated with the treated fields surveyed typically were those found on
 

the mid-to upper-slopes of the soil catena, with the exception of
 

sandy soils.
 

Certain costs and benefits associated with the
Economic analysis. 

point 	 farmertreatment of fields were evaluated from the of view of the 

and the project. 

Project costs per hectare (Table I) includc all real aninual expen

ses of the project,, less salaries of governmental personnel, without 

It is intended to give an
depreciation 	of capital expenses (vehicles). 


appreciation 	 for the evolution of costs rather than exact costs for any 

given year.
 

Table 1. Evolution of project costs. 

Annual Surface area 

Year cost treated/yr Costha
 

ha 	 CFA
CFA 


7 	 771,400
1981 5,400,000 
62 	 87,1001982 5,400,000 

90,700
 
40,800
 

1983 13,600,000 150 


1984 13,345,000 327 

17,300
1985 10,400,0001 6002 


IAnnual budget for 1985.
 
2 Projected.
 

harvests sorghui'i and millet measured on 100 m2 
Average grain of 

areplots placed 	 in treated and untreated fields from 1981 to 1984 

Table The (control) fields presenpresented in 2. choice of untreated 
was on an abandonedted a problem in those cases where the troated field 

site: a field the same would produce nothing. In thosecontrol on soil 


cases the control fields had the -dvartage of' being situated on soils
 

superior to the.! treated fields. 

All yields reflccted a decrease in rainfall from 1981 	 to 1984, but 
plots becamethe difference between yields of control plots and treated 

increasingly significant as indicated by the Z-test. In 1984 the average 

per hectare on treated fields was 290 kg as compared with 155 kgyield 

on control fields: an average increase of 135 kg/ha.
 



'WRIGHT 58 

Table 2. Evolution of yearly rainfall and cereal yields, sorghum
 

4' and millet. 

,.,,Annual Control Plots Treated plots
 

Year rainfall Number Yield 
 Number Yield Z
 

2
2 kg/100 m
kg/100 m
mm 


14 8.57
1981 692 3 5.10 

1982 421 
 45 4.42 47 4.95 1.26
 

1983 413 37 2.95 63 4.18 3.01
 
3.89
1.53 74 2.92
1984 383 72 


lAverage of 3, 7, 5 and 6 villages in respectively 1981, 1982, 1983 and
 

1984.
 

labor required to conThe~quantity:.ofAfood necessaryto_upplythe 
struct the barriers was estimated from cereal banksplaced in 535 vilage 

For more thanin 1984 as a means of promoting mutual aid between farmers. 


20 tons of cereal distributed the rate of consumption was on the 
order of
 

90 kg of cereal per hectare treated. It appears therefore that the labor
 

cost, when measured in cereal, may be repaid with increased harvests 
during
 

the first season.
 

There is reason to believe that the increase in yields between 
treated
 

1984 was also due to soil improvements as
and untreated plots from 1981 to 


well as improved water management. Besides the observation of soil depos

its and organic matter, the pH of two degraded sites treated with 
barriers
 

and organic matter was measured. After one year the untreated soils had a
 

pH of 4.7 and 4.8 while the treated soils had a pH of 6.6 and 5.7 
respec

tively.
 

DISCUSSION
 

The key to effective farmer participation was to
Farmer Participation. 

find and encourage their innovative spirit. This spirit is by no means
 

To the contrary,
monopolized by the influential members of the society. 


some of the first farmers to experiment with the techniques in their
Once discovered,
 
fields were accused by non-participants 

of being crazy. 


this spirit was easier to encourage. Discussions in private as well as
 

in groups, visits to other villages, the engagement of "experienced" farm

these served to open the communicaers in the training of new farmers: 


tion between technicians and farmers and between farmers themselves. 
This
 

is important because no member of the society wants to feel like 
an out-


He must be shown that he is not alone in trying to innovate.
sider. 


Initially, the role of trees was emphasized in the farming system,
 

but through the active participation of the farmers this orientation 
was
 

modified as well as the techniques themselves. This is attributed to the
 

immediate impact noted with the cereal crops, in contrast to results
 

Not only did the trees take much longer to
obtained with tree planting. 

achieve economic usefulness, but the problem of protecting them 

from
 
There could be no
 animal browsing confronted the existing farming system: 


control of animals' access to fields (site of the tree planting) 
except by
 

decision making of a political nature at a level well beyond 
that of the
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individualfarmer.: Assuch farmer's participation served to orient the '
 
project towards the most urgent needs while taking into consideration the:
 
constraints imposed by the farmers' environment. This does not mean that
 

the need to improve the physical environment and farming'rmethods by plant
ing/protecting trees was ignored by the farmer, only that the possibility
 
of doing so did not exist at the time.
 

Techniques. Farmers participating in the project undertook the construc
tios of barriers in their fields for one or several of the following

*reasons:
 

(1) 	to exploit runoff water (water harvesting),
 
(2) to control the expansion of degraded land or better yet to 

reclaim it, . 

(3) 	to control the loss of manure and organic matter from their
 
fields.
 

The choice of sites, placement of barriers, and construction mate
rials and methods demonstrated the importance of these goals.
 

The advantage of water harvesting on certain fields was demonstrated
 
by successful sowing of crops up to one month in advance for other fields
 
as well as better drought resistance throughout the growing season. Early
 
sowing also helped to avoid a labor bottleneck. The use'of permeable bar
riers, stable under submersi6n, allowed the exploitation of areas exposed
 
to heavy sheet flow of water while increasing infiltration both upslope
 
and downslope from each barrier. The treatment of degraded soils and bush
 
fields permitted the reclamation of lost land and the protection of manure
 
in-places it would otherwise be impossible to use. Fields down slope from
 
treated fields also received some protection from heavy sheet flow.
 

The techniques were practiced by the farmers themselves with avail
able materials. The techfiiques were easily transmitted and assimilated;
 
a group of 15 to 30 farmers were trained in two days.
 

The principal constraints to constructing the barriers are related
 
to the labor requirements: availability of rocks (preferred material),
 
labor, and food. Forms of group participation during construction of bar
riers helped to overcome these constraints while providing a medium for
 
the spontaneous training of other farmers. Those with the means used don
key carts to gather rocks, several have used a dump truck, while most use
 
their heads, baskets and bicycles.
 

CONCLUSIONS
 

The agroforestry project was able to motivate and train hundreds of
 
farmers to undertake practices to control the degradation of their land and
 
improve agricultural production with their own means while adjusting to
 
local constraints.
 

Although the project may be considered a success, the techniques de
scribed herein are only a starting point. The need for other complementary
 
techniques, such as agroforestry, remains. But the rational management of
 
the entire rural environment remains intractable, and so, survival too.
 

The participation of farmers in the conception of a formula for
 

managing their environment can not stop at the individual's level, but
 
rather must include all who use and share the use of a common land. The
 
farmers' participation must become a political reality, a change in the
 
milieu.
 

I
__.- =I..., .* - 4II ~ l l|I B IIIl Iq ' !. 



60 WRIGHT 

REFERENCES
 

MArchal, J.Y. 1979. L'espace des techniciens et cclui des paysans. His

toire d'un porimitre Ynticrosif en laute Volta (Purkina Faso). Mai

trise do 1'espace rEriraW ot dL.h"wIoppem'nt en Afrique Tropicale, 

CNRST-ORSTOM: lliroire JL TUI 89: .45-357. Paris. 

Yatenga, Nod-I t ut Vol ta - ta dynamique d'un espac
Marchal, J.Y. 1983. 

rural Sudano-Saha l on. O S'. • i'.ar s. 

zone 

for dcsir and construction. Je. usalem: 
Shanon L. and N.H. Tadmor. '9. Micr-catcment systms ftw arid 

development. A handbook 
Hebrew University.
 



RIDGING AND FERTILIZATION WITH CULTIVATION
COMPLEMENTARY EFFECTS OF TIED 
BY HAND AND DONKEY AND OX TRACTION 

Herbert W. OHM, Joseph G. NAGY and Sibiri SAWADOGO 

Burkinabe farmers, like most farmers in the West Africa Semi-Arid 
Tropics (WASAT) are largely subsistence farmers (FSU/SAFGRAD, 1982). In 
a country where rainfallis limited and unpredictable:(Matlon, 1983), 

farmers are risk averse and work on a limited and fragile soil resource 

base (Charreau, 1977 and Pichot et al., 1981). Amelioration of the soil 
base is imperative if itis to support more intensive crop production. 

Risk is an obstacle to more intensive crop production, particularly when 

cash inputs are required. Technologies should maximize the use of non

purchased inputs, still using minimal 'applications of purchased inputs. 

Technologies should be designed to minimize risk associated with the use 

of cash inputs. Promisi,g technologies include :
 
(1)construction of tied ridges resulting in catchment basins to
 

reduce rainfall runoff and thereby increase the amount of'
 
Swateravailable tthe plants,and.
 

(2)fertilization.
 
Results from experiment station trials have shown that tied ridges
 

can result 'insignificant cereal yield increases compared to flat culti

vation or simple ridging (Rodriguez, 1982, 1983; ICRISAT, 1981; IRAT,
 

1982), but the amount of crop yie..d response has been variable. Cereal
 

crop yield response in farmer-managed trials has generally been less
 

(FSU/SAFGRAD, 1982; Lang et al., 1983; Rodriguez, 1982) than in experiment
 

station trials.
 

The variable response from tied ridging is undoubtedly due to
 

several interacting factors, including level of soil fertility, amount
 

and frequency of rainfall, moisture stress at seeding, whether tied
 

ridges are constructed at or prior, to seeding, position of crop area
 

along the toposequence, soil type, quality of the tied ridges, and crop
 

growth stage when tied ridges are constructed. Crop yield response to
 

tied ridging is generally greater when soil fertility is less limiting
 

(Rodriguez, 1982 and 1983; FSU/SAFGRAD, 1983 and 1984).
 

Significant cereal yield responses to fertilization with NPK have
 

been demonstrated (synthesis by Matlon, 1983 of trials by IRAT in
 

Burkina Faso during 1978 to 1982).with financial rates of return of 450,
 

330 and 37 percent for maize, sorghum and millet, respectively. Farmer

managed trials have shown fertilization to be highly risky in semi-arid
 

conditions. Fertilization of sorghum with 100 kg/ha of 14-23-15 in the
 

900 mm rainfall zone in Burkina Faso resulted in a 2:1 benefit: cost
 

ratio. Millet fertilized with 1O0kg/ha of 14-23-15 in the 500 mm rain

fall zone resulted in negative returns (ICRISAT, 1982). In the 900 and
 

800 mm zones, the proportion of fields where incremental yields did not
 

cover subsidized fertilizer costs were 44 and 70 percent respectively.
 

(ICRISAT, 1982 by Matlon, 1983). In farmer-managed trials by FSU/SAFGRA,
 
the percentage of farmers who would have lost cash from fertilization
 

Agronomist and Agricultural Economist, FSU/SAFGRAD and Agricultural
 

Economist, IBRAZ, burkina Faso,
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of sorghum with 100 '-g/a of 14-23-15 plus 50 kg/ha urea ranged from 117 

to 58%. The plercentage of farmers wh
o would have lost cash by fertilization 

of millet with 100 kg/ha volta phosphate plus 50 kg/ha urea ranged from 

80% to 86% (Lang et al., 1983). 

The potential.benefits of animal traction include expansion of 
area
 

The
 
cultivated, reduction of labor constraints, and increased 

yields. 


relevance of animal traction to this study is the deeper 
cultivation of
 

the soil during weeding which enables farmers to 
construct more effecive
 

tied ridges than with manual cultivation.
 

to determine economic returns from
The objective of this study is 

and minimal fertilization of sorghum, maize
 investments in tied ridging 


Data presented here, from
 and millet under farmer-managed conditions. 


trials in 1984, are generally supportive of, but more extensive 
and con

clusive than, data from'previous years (FSU/SAFGRAD, 
1982; Lang etal,
 

1983).
 

MATERIALS AND METHODS
 

.Agronomic and.socioeconomi, research was conducted in five 
villages
 

pr

(Nedogo, Bangasse, Poedogo, Diapangou and Dissankuy)

''which esent a
 

wide range of agroclimatic zones and agricultural productivity. 
In each
 

village a census was taken to identify all households (Lang et al., 
1983).
 

From this census a random sample of 30 households was selected. This
 

sample was used as the base for socio-economic surveys which were 
designed
 

to identify production constraints and to understand the farmers' decision-<J

making environment. A questionnaire was also conducted to find out the 


extent of adoption of certain technologies. Farmers were asked to comment
 

on thebenefits and problems with the new technologies.
 

Three experiments were conducted on fields of up to 25 randomly
 
to five villages. The number of treatments
chosen farmers in each of one 


Each treatment was randomly assigned
for each experiment was five or less. 

to a parcel of the farmer's field. Parcel size ranged from 0.05 to 0.12
 

The one parcel of
ha, depending upon the size of the farmer's field. 


each treatment in each farmer's field was considered as an observation.
 

The farmers managed and carried out the experiments and were responsible
 
Prior to seeding, FSU field staff stationed in
for all labor inputs. 


each village delineated each parcel with colored stakes and measured 
the
 

area of all pprcels. FSU field staff frequently visited the farmers to
 

ensure that seeding, application of fertilizer, construction of tied
 

ridges and other tasks were effected correctly and on time. Labour inputs
 

by the farm families were recorded each week by FSU staff on a farmer-


Prior to harvest, FSU staff evaluated all parcels for gerecall basis. 
 FSU staff
Farmers harvested all parcels.
neral conditons of the crop. 

weighed the harvest from all parcels.
 

The economic analysis required labor data, prices of grains and
 
The labor data requirements were the
fertilizers, and agronomic data. 


number of hours of labor it took to construct tied ridges and apply
 

fertilizer. For tied ridges, the values of 100, 75 and 75 hours of
 

labor per hectare were used for manual labor, donkey traction, and ox
 

Because tied ridges are contructed in combitraction, respectively. 
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nation with a weeding operation, these figures express the additional 
time
 

necessary to tie the ridges above that required for the weeding 
operation.
 

20 or 75 additional hour's of labor
Fertilizer application required 40, 

or in pockets


per hectare when applied, respectively, in the seed rows, 


at 10 to 15 cm from thn seed pockets. The labor hour figures are all
 
one male
 

expressed on a man-hour equivalent basis weighted as follows; 


years) = 0.75 and one
hour ( = 15 years) = 1, one female hour ( 15 

The labor data, whict. was tathered on
 child hour ( - 15 years) = 0.5. 


basic. showcd a large variation and with the help of the
 a farmer recall 

to arrive at the figures.

field staff, the data was sarefully screened 
i1' comparing

A 40 CFA/hr opportunity coct for farmers' labor is used the 

economic return/hr of the additional labor, required to construct tied
 
1 


ridges and/or apply fertilizer. This figure represents a best estimate 

on field staff observations. Grain prices
of the opportunity cost based 


the fall of 1934. The prices are are the official OFNACER prices in 

92 CFA/kg for sorghum, millet and maize. The fertilizer prices are the 

The prices are
the official prices (subsidized) in the spring of 1984. 

for urea and -5 CFA/kg for 	volta phos78 CFA kg for 14-23-15, 88 CFA/kg 

phate. 

1984 growing season was considerably
Total rainfall during the 

at all villages. Total rain

below long-term seasonal Pvcrage rainfall 

675 and 458 at respectivelly Bangasse;
fall (mm) was 514, 452, 632, 


Nedogo, Poedogo, Dissankuy and Diapangou. At Bangasse the rains began
 

season and continued regularly until 15 August. Absence of
 
early in the 


rainfall from mid-September caused severe drought stress in most cereal
 
rainfall was limited,


fields during flowering and grain fill. At Nedogo 

for' fair crop growth. At


but occurred regularly and was adequate 

delayed -,eeding of most cereal fields until


Poedogo, lack of rainfall 
excellent and continued

early July. Peginning mid-July, rainfall was 
lack of' rainfall delayed seeding.

until mi-Octoter. At Disaankuy, 

season several larne but infrequent rains occurred 
 re-Throughouc, the 

sulting in qeveral periods 	of drotrght strnss. At Diapangou, rainfall
 

until eirly July. Rains were small but
 
was limited and infrequcnt 


frequent during September and October.
 

1 Most of the agricultural 1b-or is provided by family members throu

are able to hire

ghout the agricultural season. Althoufh some farmers 


labor in peai: periods hecausf of' *conomic or social status, little
 

hire a thes times. The 40 CFA/hr. opportu
labor is available for 

for hired labor during
nity cost is he average of th.u i,gd rates paid 


first weeding and second weeding.
the peak labor periods or sudinr, 


in the lator mar'et account for the fact that the wage

imperfections 

to period. However, the 
rates do not substantially change from period 


can be four to five times the average wage

marginal product of labor 

1981: Roth and 
rate in critical labor shortage periods (Norman et al., 

Sanders, 1984).
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Experiment I. The experiment was conducted at Nedogo with manual traction 

traction, at Dissankuy with
 
and 	donkey-traction, at Bangaise with manual 


donkey and ox traction. The
 
ox traction and at Diapangou with manual, 

were the following: traditional management practices in
four treatments 

(C); construc
cluding flat cultivation and no tertiljzation, 

the control 


after seeding and no fertilization;
tion of tied ridges ITH) one month 

and 10C kg,/ha of cotton fertilizer, 14-23-15, applied in 
flat cultivation 

;eeding pll;ssorghum two weck: ifter 
a band at 10-15 cm from the cows of 

-m 	 c from sneed pockets onet 	 the 
50 kg/ha of urea, applied in pockets at 

tied ridge:; as described
after seedirg (F); and construction ofmonth 

Locally qrown varieties of 
above, plus fertilization is d:cribd Mtove. 

sorghum were utilized.
 
' Irt time in 1984.Di.;::l.:uy for' th-,

The 	 experiment was: cundu t,l :, 
1983,thu 	 experiment was conducted intipan'orrAt Nedogo, Banga:ze and 

parcel:s as in 1983. At 
and in 1984; treatments wor, assign to the same 


i al design was a r'ndomi ,xe,: complete

Bangasse and Dissankuy, thn uxpimnr 

and 	 Di apangou, the 
block. Farmer's f ic, ds were retictions . At Nedogo 


design was a split-plot with wdole-plots 
 (typos of traction)
experimental the 	 subplots.
arranged in a completely randomized design. Treatments were 


with donkey trac-

Experiment II. The experiment was conduntd at Nedogo 

with ox tractraction, Dissankuy
tion, Bangasse And Pofdoigo with manual 

of mai--e were utilized. The two treatments were 
tion. Local varieties 

Nlat 	 cultivation,pr'ictice.s7 including
the 	 following: traditional management 


control (C) ard construction ui tied ridges (TB) one mnth after
 
the 	

that half of' th'u farmers at Peedogo and Dissankuy
seeding. It was planned 

to apply mulchn -.t 5 t/ha
at which mulch was ost s~ailable) were

(villages 
the 	 two parcels after construction of tied ridges. It was 

to one of 
for 	one-halfwould have access to sufficient mulch

reasoned that farmers 
field which is:usually very small in area. How

of their compound maize 
farmers at Dissankuy had access 

only four farmers at Poedogo and two 


abandoned the application

ever, 

of mulch, although
to sufficient mulch. We 

Compound fields, on which maize is 
these six farmers did apply the mulch. 


and 	 organic
usually grown, are relatively well fertilized with manures 


most limiting constraint.
 
wastes, and rainfall is usually the 


it Poedogo and Dissankuy for the first
 
The experiment was ,onducted 


time in 1984. At Nedogo, iiangasse and Diaparigou the experiment was con
to the


and in Vl94. In 19814, treatme:its were assigned
ducted in 1q83, 


were in 1983 to capitalize oni residual soil water
 
same parcels as they 

At Nledogo,
which might be present as a result of' tied ridges in 1983. 

was 	 a randomizedDissankuy thu, *xprimental design
Bangasse, Poedogo and 

fields were rep ications. At Diapangou, the 
complete block. Farmer's' 

(types of traction)

experimental design was a plit-plot with whole 

units 


design and treatments were the 
arranged in a completely randomized 


subunita. The statistical significance of differences 
between maize
 

was
 
yield meant of the two treatments (flit cultivation and tied ridgesi 


A pair of observations,
pairs of observations.
determined by the t-test on 


the yield for maize with flat cultivation and the yield for maize with
 

tied ridges, was obtained from each farmer's field.
 

http:pr'ictice.s7
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Experiment III. :Ti,. experiment was conducted for the third year in 1984 
at Nedogo and Bangasse with manual traction only. Local varieties of 
millet were utilized. The five treatments were the following: traditional
 
management practices including flat cultivation (without tied ridges) and
 
no fertilization, the control (C); construction of tied ridges (TR) one
 
month after seeding; F, consisting of 100 kg/ha of volta phosphate (VPI)
 
applied in the seed pocket plus 50 kg/ha urea applied in pockets at 10-15
 
cm from the seed pockets two weeks after seeding, and construction of tied
 
ridges one month after seeding; 2 F, consisting of 200 kg/ha of VPI and
 
50.kg/ha urea applied together in a pocket at 10-15 cm from seed pockets
 
two weeks after seeding; and F, consisting of 100 kg/ha VP1 plus 50 kg/ha
 
urea, but without tied ridges.
 

In 1984, treatments were assigned to the same parcels as in 1982 and
 
1983 to capitalize on the availability of phosphorus from VP1 applied in
 
previous years. At Nedogo and Bangasse, the experimental design was a
 
randomized complete block. Farmers' fields were replications.
 

Adoption of technologies. A survey was conducted in November, 1984 by
 
interviewing the FSU farmer cooperators of the farmer-managed trials. 
The farmers within the farmer-managed trial group also comprise the far
mers that FSU collects socio-economic data from. The socio-economic data 
made it possibleto analyze s of.ome variables distinguishthe key that may 
adoptors from non-adoptors.
 

RESULTS AND DISCUSSION
 

Experiment I. The relative responses of sorghum to the four treatments
 
was consistent across the four villages: Nedogo, Bangasse, Dissankuy and
 
Diapangou (Table 1). Treatments consisting of tied ridges to reduce sur
face runoff of rainfall, or fertilization to ameliorate the low soil fer
tility resulted in increased levels of sorghum yield. However, the
 
greatest yield response was consistently achieved with the combination of
 
tied ridges and fertilization.
 

Yields of sorghum were generally higher with animal traction than
 
with manual traction. However, at Nedogo, the difference was significant
 
only for the combination of tied ridges and fertilization. At Diapangou,
 
sorghum yields with ox traction were not superior to those with donkey
 
traction. It is possible that t'. eeper cultivation during weeding with 
ox traction, cempared to donkey ion, accentuated the severe drought 
conditions in 1984, especially ' dy soils with low organic matter. 

The economic analysis shows -.....for the mean yield increases at all
 
locations, the return/hr for labor inputs to construct tied ridges and/or
 
to apply fertilizer is above the 40 CFA/hr opportunity cost of labor. The
 
combination of tied ridging and fertilization resulted in the largest net
 
returns at all locations. Net returns were larger for fertilization alone
 
than for tied ridging aloie at Bangass6 and for the three types of trac
tion at Diapangou. Also, the return per hour of additional labor for the
 
combination of tied ridging and fertilization were largest at Bangass6 and
 
for the two types of animal traction at Diapangou. With respect to risk,
 
tied ridging alone carries no risk of losing cash. However, the fertili
zation alone treatment is moderately risky and some farmers at each
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Table 1.Economic analysis of farmer manageJ tria,, of sorgq'.m
with fertilizer and tied ridges, 1914. 

Treatments 1/ Number 
- -------- 4/ 4/ of 

C TR F TR,F S.E CV Farmers 
--------------.-------------------------.--- --------------------------------------------

Grain Yield, kg/ha 

Yield Gain Above Control, kg/ha 

Gain inNet Revenue, CFA 2/ 

Return/hr. ofAdditional Labor, CFA 

1 Farmers Who Would Hve Lost Cash 


Grain Yield, kg/ha 

Yield Gain Above Control, kg/ha 

Gain inMet Revenue, CFA 

Return/hr. ofAdditional Labor, CFA 

I Farmers Who Would Have Lost Cash 


Grain Yield, kg/ha 

Yield Gain Above Control, kq/ha 

6ain inNet Revenue. CFA 

Return/hr. ofAdditional Labcr. CFA 

1 Farmers Who Would Have Lost Cash 


Grain Yield, kg/ha 

Yield Gain Above Control, kg!ha 

GaiiinNet Revenue, CFA 

Return/hr. ofAdditional Labor, CFA 

I Farmers Who Would Have Lost Cash 


Grain Yield,kg/ha 


Yield Gain Abovp Control, kg/ha 

SazrinNet Revenue, CFA 

Returnhr, ofAdditional Labor, C , 


farmers Who Mould Hve Lost Cash 


Grain Yield, kg/ha 

Yield Gain Above Control, ki/ha 

Gain inMet Revenue, CFA 
Return/hr. ofAdditionai Labor. CFA 
I Farmers Who Would Have Lost Cash 

Grain Yield, kg/ha 

Yield Lain Above Control, kg/ha 

Gain in Met Revenue, CFA 

Retun/hr. ofAdditional Labor, CFA 

1 Farmers Who Would Hive Lost Cash 


-

Nedogo, Manual Traction 
157 416 431 652 75.1 4: II 
- 259 274 495 
- 23828 13275 33607 

3/ - 238 140 172 
- 0 27 9 

Nedogo. Donkey Traction 
173 425 355 773 63.4 44 18 
- 252 182 600 
- 23184 4811 
- 30 51 
- 1 50 

Bangasse. lanual 
293 456 616 

- 162 323 
- 14796 178 
- 150 187 

43267
 
255
 
0
 

Traction
 
944 145.0 62 12
 
651
 

47959
 
246
 

- 0 8 17 
Dissankuy, Ox Traction 

447 588 681 855 35.1 19 25 
- 141 234 408 
- 12972 9595 25603 
- 17! 101 151 
- 0 28 0 

Diapangou, Manual Traction 
335 571 729 1006 48.4 23 19 

- 26 394 671 
- 21712 24315 49799 
- 217 256 255 
- 0 26 0 

Diapangcu, Donkey Traction 
498 6a8 849 1133 45.6 le 19 
- 190 351 635 
- 17480 20359 16487 

277 214 273 
0 21 0 

Diapangou. OxTraction 
466 704 83? 1177 46.8 lB 19 

- "38 373 711 
- 21896 22303 53479 
- 292 236 315 
- 0 5 0 

I/C : control (no tied ridges orfertilizer); TR % ted ridges constructed on month after seeding; 
/ F 100 kg/ha 14-23-15 two weeks after seeding plus 50 kg/ha urea one month after seeding. 
2/Net revenue : yield gain x grain price (92 CFA/kg) minus fertilizer cost: (78 CFA/kg for 14-23-15, and 66 

CFA/kg or urea), Includes interest charge forsix months atrate of 151 
3/ Ret revenue/additional labor of tied ridging and fertilizer apolication. Manual, Donkey, and Ox traction 

require t00, 75, and 75 hours of additional labor/ha fortied ridging respectively. Fertilizer application
 
requires 95 addiiional hours/ha.
 

4/S.E, - the standard error ofthe difference between two treatment means. CV1 z coefcient ofvariation.
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of tied ridging in combinationlocation would have lost cash. The use 

risk of losing
with fertilization, substantially reduces the farmers' 
When tied ridges->cash as opposed to the fertilization alone treatment. 

and fertilizer are combined, only 9% of the farmers at Nedogo with manual 

traction and 17% of the farmers at Bangass6 with manual traction would 

Only at these two locations is the tied ridging-fertilizahave lost cash. 

However, the lowtion combination a greater risk than tied ridges alone. 


risk tied ridging options results in substantially reduced net returns when
 

compared with the tied ridging-fertilization combination.
 

Because of drought conditions which were particularly da-
Experiment II. 

maging to maize in 1984, several farmers in each village failed to cons

truct the tied ridges and these fields wert abandoned. This resulted in
 

a limited number of observations for treatments. Although the number of
 

observations was less than desired, the results show that at all villages,
 
tied ridges produrepresenting a wide range of yield levels, maize with 


ced greater yields than maize without tied ridges. (Table 2). At Diapangou
 

the experiment was conducted with manual traction and with ox traction.
 

With both types of traction, yields of maize with tied ridges were signi-

Maize with ox
ficantly greater than yields of maize without tied ridges. 


traction produced significantly greater yields than maize with manual
 

traction.
 

The economic analysis shows that in all trials,the mean yield in

creasefrom.constructing.tied ridges compared to that of flat cultivation
 
omuchresults in labor returns/hr which are gr te' the 40 cFA/hr oppor

tunity cost is moderately high at the Nedogo, Poedogo and Diapangou 
(manual 

traction) locations. Assuming farm labor can earn 40 CFA/hr in other em

ployment opportunities, some farmers would have been better off doing 
so 

at all locations with the exception of ox traction at Diapangou. 
The re

sults, however, do emphasize the value of water conservation by the 
cons

truction of tied ridges on the fertile compound fields where maize is
 

grown.
 

Grain yields of millet for the treatments (tied ridges
Experiment III. 

in combination with fertilization or fertilization alone) tended 

to be
 

greater than yields of millet without tied ridges or fertilization 
at
 

However, yield differences from that of
Nedogo and Bangasse (Table 3). 


the control were significant only for the combination of tied ridges 
and
 

fertilization at Bangasse and for treatments consisting of tied ridges
 

Responses from treatments involving ferand/or fertilization at Nedogo. 


tilization were generally greater in 1984 than in 1983 (Lang, et al.,
 

1983) op 1982 (FSU/SAFGRAD, 1982).
 

Tied ridges without fertilizer resulted in a significant yield 
in-


This treatment requires no
 crease compared to the control at Nedogo. 


cash inputs, but this practice cannot solve the problem of 
soil fertility
 

Tied ridges in combination with fertilization reimprovement over years. 

sulted in the greatest yield of millet in 1984, which is consistent 

with
 

our results in 1982 and 1983.
 

The mean yield increases at Nedogo and Bangasse for the two treat

ments which involve tied ridging (TR) and tied ridging plus 
fertilization
 
When ferti

(TR, F) are adequate to 'cover the opportunity cost of labor. 


; . .. . . . ____..._____________...i ... ... 
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Table 2. Economic analysis of farmer managed trials of maize with tied ridges, 1984.
 
.........................................--------------------------------------------------------------


Treatments 1/ Number 
-..------------------------ 6 of 

C TR CV Farmers 

Grain Yield, kg/ha 

Yield Gain Above Control, kg/ha 

Bain inNet Revenue, CFA 2/ 

Return/hr. ofAdditional Labor, CFA 3/ 

Z Farmers NotCovering Labor Opp. Cost 4/ 


Brain Yield, kg/ha 

Yield Gain Above Control, kg/ha 


Gain inNet Revenue, CFA 

Return/hr. ofAdditional Labor, CFA 

1 Farmers Not Covering Labor Opp. Cost 


Brain Yield, kg/ha 

Yield Gain Above Control, kg/ha 


Gain inNet Revenue, CFA 

Return/hr. ofAdditional Labor, CFA 


1 Farmers Not Covering Labor Opp, Cost 


Brain Yield, kg/ha 

Yield Gain Above Confrol, kg/ha 

Gain inNet Revenu: CFA 

Return/hr. of Additional Labor, CFA 

% Farmers Not Covering Labor Opp. Cost 


Brain Yield, kg/ha 

Yield Gain Above Control, kg/ha 

Gain inNet Revenue, CFA 

Return/hr. ofAdditional Labor, CFA 

% Farmers Not Covering Labor Opp. Cost 


Brain Yield, kg/ha 

Yield Gain Above Control, kg/ha 

Gain inNet Revenu2, CFA 


Return/hr. of Additional Labor, CFA 


I Farmers Not Covering Labor Opp. Cost 

.................................................................................................. 


Nedogo, Donkey Traction 
869 13051111 5/ 26 19 

- 436 
40112 
535 
21 

Bangasse, Manual Traction 
341 466bII1 62 12 

- 125 
11500 
115 
8 

Poedogo Manual Traction 
1339 IT531 43 B 

- 614 
56488 

565 
25 

Dissankuy, Ox Traction 
564 7251$11 16 l1 

- 161 
14812 

197 
6 

Diapangou, Manual Traction 
445 72411 69 7 

- 279 
- 25668 

257 
29 

Diapangou, Animal Traction 
976 1700111 46 7 
- 724 

66608 
- 88B 

0 
----

I/C = control (no tied ridges or fertilizer); TR = tied ridges constructed one month after seeding.
 
2/Net revenue = yield gain x grain price (92 CFA/kg)
 
3/ Net revenue/additional labor of tiei ridging. Manual, Donkey, and Ox traction require 100,75,
 

and 75 hours of additional labor/ha for tied ridging respectively.
 

4/A 40 CFA/hr. opportunity cost oflabor isused.
 

5/1,1,11 , and 1111 indicate a level of significance of0.2, 0.05, 0.02, and 0.01 respectively for
 
differences between treatments C and TR as determined by the T-Test for paired observations.
 

6/CYZ = coeficient of variation
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Table 3. Economic analysis offarmer managed trials of millet with volta phosphate and tied ridges, 1984.
 

.............................................-----------------------------------------------------------------

Triatments I/ 	 Number
 

--------------.-------------- -4/ 4/ of
 

CV Farmers
 

.............................................-----------------------------------------------------------------

C TR TR,F 2F F S.E. 


Nedogo, Manual Traction
 

Grain Yield, kg/ha 
Yield Gain Above Controi, kg/ha 

107 
-

238 
131 

349 
242 

228 
121 

195 
88 

2B.0 32 11 

Gain inNet Revenue, CFA 2/ - 12052 16029 2209 1861 

Return/hr. ofAdditional Labor, CFA 3/ 

% Farmers Who Would Have Lost Cash 
-

-

121 
0 

75 
0 

?9 
15 

16 
55 

Bangasse, Manual Traction 

Grain Yield, kg/ha 220 283 469 251 273 40.3 39 17 

Yield Gain Above Control, kq/ha - 63 249 31 53 

Gain inNet Revenue, CFA 

Returnlhr. ofAdditional Labor, CFA 
-
-

5796 
58 

16673 
78 

-6071 
-

-1360 
-

I Farmers Who Would Have Lost Cash - 0 6 59 59 

...........................................----------------------------------------------------------------...
 

1/C = control (no tied ridges or fertili:er): TR = tied ridges constructed one month after sleding;
 

F = 100 kg/ha volta phosphate applied in the seed pocket and 50 kg/ha urea applied inpockets 10-15cm from
 

seed pockets two weeks after ieeding ; 2F = 200 kg/ha volta phosphate and 50 kg/ha urea appl:?d together in
 

after seeding,
 

2/NJetrevenue = yield gain x gr='. price (92 CFA/kg) Ainus fertilizer cost- (25 CFA/kg for Volta Phosphate and
 
a pocket 10-15ce from seed pocket two weel:s 


66 CFA/kg for urea), Includes interest charge for sixmonths atrate of15%.
 

3/	Net revenue/additional labor of tied ridging and fertilizer appiication. Manual traction requires 100 hours
 

of additional labor/ha fortied ridging. Fertilizer application requires 115additional hours/ha for F and
 

75 additional hours/ha for2F.
 

4/S.E. = the standard error of the difference between two treatment means. CVX = coeficient ofvariation.
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lizer is used alone at both locations, mean yield increases 
are not suffi-


At both locations, the
cient to cover the opportunity cost of labor. 

combination of t4 ed ridging and fertilization provided the largest net
 

ferti
 
returns, emphasiing the gains which canbe made by combining soil 


lity and water cI)nservation. It is important to note that mi let response
 

to improved soil.-water management would likely be greater 
in tne presence 

of a more soluble source of phosphorus. 

In the economic analysis, net returns are calculated 
without consi-


The
 
dering the carry-over effect of fertilizer from one 

year to the next. 


amount of fertilizer carry-over varies with rainfall 
and the type of fer

tilizer. 
There is considerably more carry-over of volta 
phosphate than
 

either 14-23-15 or urea.
 

Assuming that 25 percent of the value of 14-23-15 and 
urea and 75
 

percent of the value of volta phosphate is carried over 
each year with
 

-n opportunity cost of 15 percent, the economic relationships among the
 

,reatment, made in the paper still hold.
 

The FSU program is research-oriented and not
 Adoption of technologies. 

Although FSU research inspecifically designed for an extension role. 


volves direct interaction and feedback from the farmer cooperators, any
 

adoption by farmers of the technologies that FSU works 
with is not solli-


The FSU far
cited by FSU but is a welcome externality of the program. 


mer-managed and researcher-managed trials, however, do 
provide a demons

tration effect and add to the programs provided by the 
local extension
 

95 percent of
 
services. When asked who introduced them to tied ridge,, 


the -farmers--saidFSU. Across allvillages with the exception of Dissan

kuy, a similar question of fertilizer brought the response 
that 50 percent
 

of the farmers were introduced to fertilizer by FSU and 50 percent by
 

1984).
the local extension service (Ohm, et al., 


(Table 4) and on a
 Data are presented on a number of farmers basis 

A demonstration effect was evident in that
 hectarage basis (Table 5). 


some farmers adopted the tied ridging, fertilization and new 
variety
 

A positive relationship between adoptechnologies in the FSU villages. 


tion and the number of years FSU worked in the villages was evident for
 

tied ridges. The adoption rates may, however, have been hampered by the
 

poor 1983 and 1984 agricultural seasons. The primary reason for not
 
The


adopting tied ridging more extensively was lack of sufficient 
labor. 


farmers said that financial conditions of not having the 
cash or not be

ing able to obtain credit was the primary reason for not 
utilizing more
 

fertilizer. Farmers were generally hesitant about trying new varieties
 

until they could give them a good appraisal.
 

In summarizing the characteristics of adoptors and non-adoptors,
 

the main characteristic of tied ridge adoptors is that they 
have larger
 

than average size land holdings. Other characteristics are a larger
 

than average cash crop area and a higher management level. 
All three
 

characteristics showed up most noticeably in Nedogo and Bangasse. 
The
 

main characteristic of new variety adoptors was farm size and 
the other
 

characteristics were cash crop area and management level all exhibibing
 

a positive relationship. The Poedogo fertilizer case indicated that
 

younger farmers used fertilizer. Other character .itics included farm
 

size and management level.
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Table 4. Percent of farmers adopting tied ridges (TH), fertilizer and 

new varieties by village, 1984. 

umber Percent of Farmers Adopting 

Year.1 Farmers TR Fertilizer VarietiesVillage 


Nedogo 5 69 A) 10 10 

3 -3 0 0Bangasse 3 

33 "'1Poedogo 2 27 . 

2 60 	 972 0Dissankuy 

Dinpangou 3 61 'S 8 8
 

1 	 Number of years FS" iii vil1aze:s; 1984 was the first year for farmer

managed trials at i dog ,ri-bisa:r.,kuy. 

2 	The figures rclate only to arod ew to cotton. Yall amounts of 

fertilizers are used on c,-rei,. 

Table 5. Averi c -,tc : ol' 0 yy AIadeptjon, 1984. 

Vi iage 

Technology Nedo-e 'anln or Po, does Dio.-sankuy DiapangOU 

ha 

Tied Ridges 
Fertilizer 

.3? 

.46 
.03 

0 
.11 

. 

.03 
3 

.18 

.ii 

Varieties .23 0 .J2 0 .01 

the strongest relationshipT;e characteristic that censitently showed 

all c:ses was farm size. Farmers controlling larger larnd 
to adoption in 

areas are associated with adopting the technologies. Perrin and Winkel 

mann (1976) found sl"c ir'reonuit:i with :'c''pect to farm size for new va

tion; were recert. Uderlyingrieties in countriea where variety intr-kc 

the size effect are the fQcoryr of 'corimns of size in the transactiCn 
:,;, i f'-rnnces ii prices

costs of evaluatil g and Dcrqairi is, n W technolo-

For inputs and products, and diflroence in Iard productivity (Perrin and 

1976 . Ci',nn that frmer. with ]drgwe ised farm:; nay be 
Winkelmann, 


as is suggested by thin preliminary anathe first adoptors of te nology 


lysis, questions concerning future income di:;tribution s'i ould be pursued.
 

:IUMMA P 

fields of up toThree farmer-managed experiments were conducted on 

each of one to five villages with manual25 	randomly chosen farmers in 

traction. Treatments
cultivation and/or cultivation with donkey and/or ox 


control, construction of tied ridfor the experiment with 'orghum were a 

ges one month after weeding, fertilization with 100 kg/ha 14-23-15 plus 

50 kg/ha urea and the r,(abination of tied rior7ing and fertilization. Treat

on 	 compound fields were a con
ments for the experiernt with maize rown 

trol and tied ri6ging. The third expctrimrt, with millt, involved five 
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(7" - treatments: a control tied ridging, fertilization with 100 kg/ha volta 
plus 50 kg/ha urea andphosphate (VP1) plus 50 kg/ha urea, 200 kg/ha VP1 


100 kg/ha VP1 plus 50 kg/ha urea.
the combination of tied ridging and 


The economic analysis accounted for labor inputs, prices of grains and
 

fertilizers and agronomic data.
 

Construction of tied ridges can result in significant increases of
 

cereal crop grain yields throughout the CentrAl Plateau even on areas
 

This is because the water infiltration rates
with very gentle slopes. 

are low for most of the soils, partially due to low organic matter, and
 

with flat cultivation, much of the limited rainfall is lost duu to surface
 

runoff. 
Although tied ridges constructed prior to planting can result 
in
 

greater yields than tied ridges constructed later in the season, it is
 

usually impractical to construct them prior to first or second weeding.
 

Because seeding is done manually, availability of labor is a serious cons

traint and because seeding must be effected as soon as possible after 
rains
 

which may be infrequent during May and June, there is no time or available
 

labor- to, construct tied ridges_ or. till the.soil prior to seeding.
 

An alternative is to construct tied ridges as soon as possible after
 

For most farmers this is during second weeding when plants
plant emergence. 

are tall enough and when labor is slightly more available than earlier in
 

the season. With presntly available equipment (daba or weeding equipment
 

including the butteur and houe-manga) construction of tied .dges even when
 

weeding with animal traction involves substantial manual labor. Because of
 

the large amount of labor required, tied ridges may not be generally accep

ted although several of the FSU/SAFGRAD cooperator-farmers do practice tied
 

ridging on areas other than those of FSU farmer-managed trials.
 

A promising alternative is the use of a me.hanical tied ridger which
 

attaches to a butteur to construct tied ridges during weeding and which
 

would require no additional manual labor. A low-cost, easy-tr operate me

ridger has been developed and on-farm researchi must now be
chanical tied 

conducted to determine its effectiveness and farmer reactions.
 

Fertilization with minimal amounts of cotton fertilizer (100 kg/ha)
 

plus 50 kg/ha urea can result in significant yield increases. However,
 

sorghum yield response to fertilization without tied ridging is variable
 

'the cash cost of the fertilizer. In addiand involves the risk of losing 


tion, the problems of fertilizer purchases and availability of fertilizers
 

must bc dealt with. Experimentation to determine benefits from possible
 

accumulation of nutrients in successive years of fertilization with minimal
 
In a very dry season it is
amounts of fertilizers should be continued. 


probable that not all of the applied nutrients even at minimal rates of
 
The inconsistent responses
applicatioii, will be removed by crop growth. 


to fertilization with VP1, UV5 and urea compared to the more consistent
 

responses from cotton fertilizer (Ohm et al., 1984) suggests that more
 

research is needed to characterize soils for concentrations of a broad
 

range of nutrient elements essential for crop growth.
 

Jeff Wright, U.S. Peace Corps Volunteer, IITA Kamboinse, Burkina Faso.
1 
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THE IRAT EXPERIENCE
FOOD CFOP FERTILIZATION AND SOIL FERTILITY: 


Christian PIERI1
 

The improvement and maintenance of the fertility of cultivated African 
north of' the equato', has become a majorsoils in the sub-saharan region 

problem.
 

In effect, it has been noted that the rate of potuiation growth on the
 

sub-continent is becoming one 	of the highest in the wo'ild and that agricul

tural lands are getting impoverished following the upsetting of the delicate 

balance between the rate of land occupation (by man and herds), the natural
 

fertility of soils and food production. The persistent drought plaguing 

197 dramatizes the situation considering espe
this part of the world since 
cially that forecasts for food requirements in the year 2000 indicate that 

to be greatly increased if Africans are to
food production in Africa needs 

This increase concurrently necessitates an
be adequately fed by that time. 

an increase in farri.ng intensityextension of cultivated areas 	of land, 

annum) and most importantly, an improvement(number of farmni:- cycles per 
must represent bit of the totalin the productivity of soils, which alone 

increase (Table 1). 
found to the problemsTo meet this challenge, solutions must urgently be 


of improving the generally low natural fertility of African soils. These
 

technical factors and conditions, as 
well as the often

solutions depend on 

neglected social, economic and political data for each country.
 

CIRAD and ITAT have jointly endeavoured to
For over the past 20 year's, 

this complex problem in
offer their contribution in finding the solution to 


several national research bodie;s ([SRA in Senegal, IER
collaboration wit)h 

in Mali, IDESSA in the Ivory Coast, IhRAZ in Burkina Faso, INHAN in Niger,
 

deve-

IRA in Cameroon and the agronoic research bodies in Togo and Benin), 


(SAED, SODEVA, CMDT, CIDT, WODECOTCUN... ) and naticnal extension
lopment units 

there has also been an increasing collaboraticn with
services. Since 1974, 


agricultural scientists (Senegal Experimental Units) directly involved in
 

the research-development process that has been ushered in. 

period of time has rightly proved
This experience acquired over a lonc 

that there can be no lasting and proper achievements, without a close col

laboration between all the rural development agents; agriculturists, 
exten

sion officers, trainers, researchers, national rural development 
officials,
 

etc.
 

However, as recently emphasisedby the UNEP in a document, it is clear 

"the only condition for progress and improvement in the standard rf
tVat: 


an increase
living is the institution of a valid agrotechnical base for 


in production".
 

This paper aims at outlining the synthesis of francophone agronomic
 
for agrotechnical bases

research contributions, and at formulating plans 

aiming at improving and maintaining the fertility of cultivated 
sub-saharan
 

soils, by stressing the major role that fertilization could play 
in stepping
 

I Agronomist, Director of the Agronomy Division, IRAT-CIRAD
 

Montpellier, France.
 

74
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Table 1. 	Contribution to increases in production, (90 developing
 

countries, 1975-2000) °l
 

Contribution to increase
 

Extension of 
cultivated Farming Increase in 

Region areas of land intensity yield/ha 

90 countries 26 14 60 
Africa 27 22 51 

Asia 10 14 76 

Latin America 55 14 31 

Middle East 6 25 6S 

1 Scurce: 	FAO, 1981.
 

up the productivity of soil. by specifying the technical conditions for an
 

efficient use of mineral and organic manuring in the physical, economic 
and human environment of this part of the world. 

THE POTENTIAL ROLE OF FERTILIZATION TO INCFEASE 
YIELD AND ,!AIHTA!N SOIL FERTILITY 

Dimension of the problem. Fertilization plays an essential role in impro

ving crop yields. Particularly in the case of annual pluvial crops in the
 

sub-sahara, this intensification practice must be conceived as part of far
ming and producticn systems fulfilling three major objectives: 

(1) to guarantee food self-sufficiency and to satisfy the basic needs 

of farming households,
 
(2) to maintain the fertiity of the soil at an optimal level, and 

(3) to reduce all types of risks borne by farmers especially climatic 

and economic risks.
 

This means that while looking for the conditions required for an op
timal efficiency in manuring, it is necessary to bear in mind that the 
techniques developed must suit the conditions of farmers who have very
 

little economic resources, and who represent more than 2/3 of the farming 

population on the sub-continent (Bird, 1981).
 

Pntential role of fertilizers for increasing crop yields. IRAT in 1975 

demonstrated in a synthesis of agronomic research t ials carried out from 

1969 to 1974 that there was a considerable potential for increasing the 
yields of 	major African and Nadagascar food crops. 

Following 	the prior detection of the defects in some major soil mine

rals (Chaminade, 1965) coupled on one hand, with the development of a res

torative manuring process that helps in rectifying these defects and a 

maintenance manuring adapted to the crops on the other 	hand, it was demons

trated experimentally that the following yields could be obtained: 

Maize 100q/ha Madagascar, Ivory Coast 

Sorghum 40q/ha Northern Cameroon 

Millet 30q/ha Senegal 
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90q/ha Madagascar, Ivory Coast
Irrigated rice 


Pluvial rice 
 70q/ha Western Cameroon
 

to a high level has
The major role of fertilization in raising yields 

study and particularly in the 
been demonstrated throughout the area under 

case of desaturated ferralitic soils in the humid tropics (Roche, 1974)
 

good physical properties but chemically poor.endowed with 

the effects of fertilization were much
In the semi-arid tropics, 

soil tillage techniques which 
greater when fertilization was linked with 

crop profiles (Charreau and
improve the poor, physical and water quality of 

Nicou, 1971).
 

intensity were developed
This is how cropping systems with gradual 

soil tillage (Tourte, 191). in this way the
 
associating manuring with 

capable of yielding high added
 most intensive systems seem to be only ones 


monetary values helping to maintain the productivity 
of soils (Tables 2
 

and 3).
 

irom a groundnut-Effects of intensification systems on yields 

millet-groundnut sequence in Senegal (Taurte, 1971
Table 2. 


Yield
 

TL
T1
0
Crop 


kg/ha
 

1140
1090
950
Groundnut 

700 1020
430
Millet 


1070
1170
960
Groundnut 


150 kg/ha 6:10:10 on groundnut,

1 0 z Control : without fertilizers, Ti = 


500 kg/ha natural phosphate
14:7:7 on millet-manual soil tillage, TL = 


and NSK complements for each crop-tillage with the plough.
 

fertility. It is known that the iti-
Fertilization and maintenance of soil 

are cer

nerant cropping systems, studied particularly by Greenland 
(1970), 


(low) of
 
tainly unproductive but they help maintain the natural 

fertility 


to minimize risks and efforts
 soils relatively well. Sich systems which tend 

more iimited future in view of
 

(Norman and Binswanger, 1982) have a more and 

the pressure on the land. 

that seven years of' fallowing would be neces-Accordingly, it was shown 
by successive millet and ground

sary for farmlands that have been exhausted 
to recover their initial level of natural fertinut cultivation in Senegal 


lity (Charreau, 1972).
 

(lands under fallow in the Senegal

However, fallowing is becoming rare 

This
 
groundnut basin now represent less than 20Aof cultivable 

areas of land). 


is why in francophone West Africa, agronomists have become 
anxious about the
 

maintenance of soil fertility within the framework of 
a fixed agriculture
 

since the 1960s.
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Table 3. 	Maize yield at nine intensification stages at Bouake, Ivory
 

Coact; 137 to 1978.
 

Deep ploughing
 

with the tractor
 
(30 cm)
 

Surfa.ce Ploughing with + incorporation
 

Fertilization harrowing oxen, 12 cm depth of residus
 

kg/ha 
Without fertilizer 368 483 459 

40 40-601 1809 1670 2330 
80-80-1202 2726 2690 IC89 

1 Manuring replaced with 15t/ha manure every three yearzs + 20-40-40. 

2 Manuring replaced with 15t/ha manure every three years + 40-80-80.
 

Experimental designs of long duration were set up to keep track of the
 

trends in the fertility of soils under continuous cropping, without ferti

lizer with mineral manuring and with mineral and organic manuring. A list
 
of these major designs (and related written documents) is provided in Lbe
 

annex. It is worthwhile noting that many of these designs came into exiD
tence over ten years ago and that the Saria designs (Burkina Faso) were
 

developed over 25 years ago.
 

Moreover, studies on .'ertilitv trends have been carried out under 

actual conditions of agrinulturai production such as those of SibanJ (1972) 
and Morel and Quantin (192), which ,help in establishing a distinct rela
tionship between the dynamics of fertility on experimental plots and far

mers' fields. 

Lessons drawn from ,heae studits are summarized below: 
(1) By applying tFrtilizer, continuous cropping is potentially pos

sible under the climatic and pedologic conditions pertaining in
 

West Africa: this is proved by results from Senegal, Mali, Niger,
 

Burkina Faso, Northcrn Cameroon and Central and Western Ivory Coast.
 
(2) Crop rotation and especially cereal - legume alternation IFig.1'
 

help to increase the soi l fertility.
 
(3) As alreidy explained. owing to its effects of imp'-oving the coidi

tions of water suprly to crops in the more arid zones, soil ti. lade 

(ploughinal dons hot only increase the value an'ma.luring (Table J. 
but in some._ cazS(2s, it also helps in continuously improving the 

productivity of lands when mineral fertilizers and harvest residues 

are provided, in spite of the yearly rainfall uncnrtainties 

(Fig. 2). 
(4) In any case, in the semi-arid zones, a rapid evolution is obstrved 

in fertilizer requirements especially nitrogen. These requirements 

increase from year to year. 

(3) After an initial period of continuous cropping spreading over two
 

(Senegal, Burkina Faso) to five years (the case of Gagnoa in the
 

ivory Coast), a fall in yield and a decreasing efficiency of ferti

lizers are observed in the case of farming systems using only
 

http:Surfa.ce
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2500 Groundnut 

'f Rotation effect 

Manuring 
b 2001) 

H Hotation effect 
0o 

1000 

r.00 

2000 
Sorghum 

Bf 
CUf 

W Rotation effect 

Manuring 

0~ 
o 

1000. Rotation effect 

Do 

1 2 o \j c -T -, , Rainfall 

1955 57 59 61 63 65 67 69 Year 

Fig. 1. Rotation trial by M'Pesoba (1955-1969). 
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Intensive fertilization with ploughing
 

Low fertilization and soil tillage with the hoe
 

1500 5Traditional I
 

/ / 

\
 

1000 / 

/ / 

S / \ / ' •-__ 

500 / -

r--S 

1967 '"08 1969 1970 1971 1972 1973 19,74

(1070) P) (907) (459) (616) (235) (275) (513)
 

Years
 

Fig. 2. Changes in productivity resulting from fertilization and ploughing 
(G. Pocthier ) 

H. * %. 

197296 1970 19197.97.17
4 Sor.-hum yields (tons of grains/ha) 
 FMO
 

3
 

' tmo 

/."' X..tm+ r
 
'0 " " "" .,./."tmo
 
0T
 

0 -

Fi. . Fertlit maitennc t"--lS.ria Sogu-eue alenain
 

1960 1965 19'10 1975
 

Fig. 3. Fertility maintenance trial-Saria Sorghum-Legumes alternation.
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140 without compost..-, NO
 

No re3ponle.111 4OK 1/hi/yeir 
to 11 [14 160k-: t1/Ihr/yei'r 

6 

-- 5 -J 

3 MO 

c4 

r 

2 

1971 172 73 '7, '15 76 77 7b 79 80 81
 
8 8o vJO,po; L I 1XIwith c n"Ilo.Jt.
 

7 ttoN
 

6 

'?5
 

.H 4 

3 

2 

8 9 8o
7"1 75 '6 77 7, 8 
80 811971 72 73 74 75 

Fig. 4. Evolution or maize yieAds under continuous cropping at Gagnoa. 
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Treatments 

)A 

0 
-4 10 

0 

= NPK 00 kg/ha 
B NPK 30 

C =nPK 90 
D = PK 90 " +mulch 

4.5 

' 
0~ 0 

........ 

402 504 

73 74 

................... 

574 403 

75 76 

Year 

377 

77 

664 

78 

Rainfall (mm) 

Fig. 5. Evaluation of the total production of dry plant material 

produced from 1973 to 1978 at Bambey. 

80 - manure 

60 
soil 

0c-. 

0 40 Aerobic C. 

Anaerobic C. 

20 

0
 
10 12 weeks
6 8 


Fig. 6. Evaluation of nitrogen content in soil extracted by a 0.5N
 
1 4 


solution dUiuri -n incubation using as well, variousof K2S0 4 
organic soil amendments added at a rat, of 350mg/lOOg 

of soil
 

and 50mg/kg of N. (Sedogo, 1981).
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under the conditions of the
 mineral fertilizers (Figs. 3 and 4): 

even if abundant,
semi-arid e,.ironments, mineral manuring alone, 


can not help raise and maintain the (.roductivity of continuously
 

cultivated lands at a high level.
 

(6) The effects of organic matter additions ore diverse, 
depending on
 

their nature (green fertilizers, strawy residues, co mpost, manure) 

and the environment:
 
that ini order to rec:tore the 

(a) Marquette has demonstrated 
(desaluratedproductivity level of Togolese barren lands 


ferrallitic soils, wet tropical climate with two rainy
 

it suffices to incorporate into the soil, green
seasons), 

fertilizers of the cultivated legumes for, a period of 12
 

months or to restore the composted residues of 
the har

vested maize.
 
incorpora

(b) Velly and Lorgueval (1976) observed that thE 


the High Plateau in Madagascar
tion of maize stalks on 


(very desaturated ferrallitic soils, wet tropical climate)
 
increa

is very effective in maintaining yields and even 


sing the organic matter content of soils.
 

(c) With regards to the semi-arid tropics, the numerous works
 

in the biblio
carried out by Ganry (1977-1984) and quoted 

graphy, as well as those of Chabalier (1976), Gigou (1982),
 

as a
 
Pichot (1981) and Pieri (1982) tend to prove that 


condition for maintaining crop yields and the productivity
 

of lands, already transformed organic products such a
 

(Fig. 5) should be restored.
compost and manure 


different cropping
The establishment of mineral balance for these 

systems, and the study of the evolution in the chemical properties of soils
 

on which these long-term experiments have been conducted 
help in obtaining
 

a better understanding of the essential role that 
organic restoration can
 

play in the maintenance of fertility in West African 
soils.
 

A
 
Mineral balance and evolution of the chemical characteristics 

of soils. 


this subject for the semi-arid cli
recent document has been published on 


matic zone (Pieri, 1983).
 

For example, Tables 4 and 5 corresponding to the calculation of the
 

years of cropping in Senegal, indimineral balance established after, 17 


cate the following basic points:
 

(1) With annual N P K manuring, and restoration 
of cereal straw, the
 

presence of N P K manuring, the apparent nit ogen 
balance (N fer

tilizer + fixation + N residues - N exportee oY the harvest) is
 

negative.
 
(2) The apparent balance and the balance established 

from the evo

(0 to 30 cm) are at a strilution of' mineral stocks in the soils 


in effect, the nitrogen deficiency in the
 king disagreement: 

picture given by the apparent balance; the
 

soil far exceeds the 


highly deficient calcium balance is similarly 
reflected in the
 

apparent balance.
 

(3) For purposes of making a sound diagnosis of the fertility trends,
 

it 	is indeed necessary to take into consideration most of the
 

as the soil internal
 
terms used in these balances. Such factors 


flows of organic matter mineralization and the 
flow of mineral
 

a form available from reserves, leaching, losses 
of
 

elements in 

are all to be taken into
 nitrogen gas, atmospheric contributions 
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Table 4. Mineral balance estimated from 17 years of quadriennal crop 

rotation in Senegal (Pieri, 1982); Cameroon (Gigou, 1982), and 

Ivory Coast (Chahalier, 1983). 

P205 K2 0 CaO 

Terms, 
Balance Control E Control E Control E Control E 

kg/ha
 

-379 -411 -1095 -273 -480
 

0 +438 0 +1353 +346 +571
 
E -746 	 -1731 -178 


F+Nf+O +252 	 + 956 

- 775 -178 +59 -412 +258 +96 +91
Balance -494 


1 E = mineral exports 	from the crops to the harvest.
 

quantity of N fixed by the groundnut (600 total N),
2 F = fertilizerF. Nf: 

without fertilizers,
0: restoration of organic residues, Control: 


E: disseminated NPK manuring + restoration of cereal straw.
 

Variation o.-soil mineral stocks in total N, absorbent P20 and
Table 5. 

17 years of farming in Senega
exchangeable K and Ca, after 


(Sarr, 198).
 

N 	 P205 K2 0 CaO
 

E Control
Control E Control Control 


kg/ha
 

"Soil"
 
+10 +55 +12 +44 -571 -1438
Balance -1320 	 -1200 


1 Control = without fertilizer. 

2 E = with fertilizer 	( Cf Table 4).
 

It would be wrong to
consideration in establishing the balance. 


limit these balances to a comparison of mineral exports with
 

crops/addition of fertilizing elements.
 

We may briefly rocall the impact of under-estimation of losses through
 

leaching and erosion and an over-estimation of the effects of biological N2
 
fixation:
 

(1) 	 Losses through leaching. Tables o and 7 referring to the semi
losses.arid tropics and humid tropics give an e:t rmate of these 

Contrary to popular beliefs, the loss s in the semi-arid areas are not 

minor due to the very irregugular rainfall distribution especially 
at the 

on very sandy soils.beginning of the cropping cycle 


that with traditional cereals, (millet and
 

compared to crops
 
It is interesting to note 


sorghum), water and mineral element losses are minor as 


There is also a close relationship between
which are less deep-rooted. 


nitrogen ]osses and Ca and Mg in the semi-arid area.
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Mineral losses through leaching under cropping 
in Senegal


Table 6. 

Ivory Co,st (Chabalier,


(Pieri, 1982), Cameroon (Gigou, 1982) and 


1983).
 

Mineral losses
 

Place Rainfall
 

(Country) (year) Crop Drainage N CaO MgO K20 P205
 

mm 
 kg/ha/annum
mm 

0.8 0.4 0.3 TR
 

507 Millet 9.5 0.3

Bambey 


25.1 54.1 13.6 5.2 TR

Groundnut 100.5
(Senegal) (1981) 


Maroua 705
 
TR 0.1 0.1 TR TR 

(Cameroon) (1975) Sorghum 2 


683
 
2.1 43.7 12.3 1.7 


(1977) Cotton 83 TR
 

Bouake 633
 
6.1 36.4 26.2 2.4 TR


Maize ?10
(Ivory (1981) 


Coast) 532
 TR
18.0 6.6 2.0 

(1981) Cotton 260 '!1 


Mineral losses through leaching under fertilized 
cropping at
 

Table 7. 

Arpangabe (Arrivets, 1981).
 

Drainage 

nm
Rainfall Crop 


(Year) (Yield) (% rainfall) 


mm g/ha 


457
1106 Groundnut 

(30) ,41.3)
(78-79) 


1297 Maize 393 

(30.3)
(79-80) (46) 


Groundnut 
 420 

(_) (32.4)
 

490
Wheat 

(12) (37.8)
 

379
1209 Maize 

(31.3)
(59) 

Bare1 

Soil 

(79-80) 


717 


(59.3)
 

ineral losses 

N K20 CaO MigO 

- -kg/ha 

43.0 20.4 


39.0 14.4 


51.0 15.6 


37.0 12.0 


18.3 8.4 


102.7 58.4 


36.4 38.2 

43.4 28.5 

51.8 41.5 

28.0 44.8 

26.6 30.5 

109.2 102.4 

Nov. 72, 2t/ha dolomite, It/ha Hyper Reno,

1 Equal fertilization: 
 ,
 60 K20.
Nov. 79 140N, 30 P205
0,5t/ha KCL; 
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(2) Losses through erosion. For the same reasons (irregularity) in
 

rainfall) erosion can not be neglected in the West African semi

arid area.
 

Roose (1980) indeed remarked 	that in West Africa, the rains are
 

60 times more aggressive than in the
erosive because they are three to 


temperate regions. The resulting average losses of mineral elements are
 

within the following limits:
 

C = 80 to 1900 kg/ha/annum
 

N = 15 to 80
 
P = 3 to 30
 
K 10 to55
 

"
 Ca= 15 to 70 

"
 Mg= 10 to 35 


Table 8 gives some indications with respect to the average losses
 

1963) of elements measured under different crops in
(between 1958 and 


Madagascar.
 

follow any normal distribution
Since the annual losses of soil do not 

were estimated by
pattern (it is rather log normal), nutrient losses 


taking into account the geometric mean of the losses of soil.
 

However, these mean values conceal a largely diversified situation. 

Thus, during the flat tillage of maize in 1962-63, soil losses reached 

67.8t/ha and consequently the mineral losses, measured in the solid portion 

in the tank) and the liquid portion (suspension) were the(soil deposited 
following:
 

"Solid" erosion "Liquid" erosion
 

Organic matter 	 2915 kg/ha 146 kg/ha
 
-173 " N 
1 "
 16 " P205 


39 "
 30 " 
CaO 


7 " 
 4 "
 
MgO 
 9 " 4 ' 
K20 


Mineral and organic losses through erosion and run-off are therefore
 

likely to feature very strongly in the m:ncral balance of cropping systems
 

developed in the humid savanna zone.
 

The most harmful "solid" erosion is the major cause of organic matter 

causes significant losses of nitrogen andlosses from the soils. It also 


phosphorous. The run-off waters in particular, are the cause of losses Ca,
 

Mg and K cations.
 

of nitrogen that is f.xed by
(3) Symbiotic Fixation. ''he quantity 

a given legume in a given place largely varies with the environ

mental conditions. In the arid and semi-arid areas, this quan

on the amount of water available to the crop.tity largely Iepends 

,anry ',.',4y 

1982) have given the following values of absorbed 
For different lefmes cultivatod in Senegal, and (quoted 

in Wtselaar and Gonr2', 

fixation (Hf):
percentage nit'"ogen obtained 	 from symbiotic 

(a) 20 tr, 7''. for the same groundnut variety, 

0 to 5K'. for t.e same soya cultivar.
 

According to *,.he authors, thos, pcrcentages are mainly influenced by the
 

drought periuds, the presence or absence of. mineral nitrogen in the soils
 

and/or the efficiency o! the Rhizobium str:ins.
 

(b) 
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Table 8. 	Average run-off values of losses in land and mineral elements
 

under differet crop rotations (lanisana Ambatobe-Madagascar,
 

1958-1963).
 

Maize +
 

Grassland
("Pois mascatte") Groundnut 


Types of
 
Ist year 2nd year
Flat 	 Ridges Flat Ridges
losses 


-0 pmmRun-off 

1.5 7.5 11.8 11.1 14.1 0.7


Mean, 1955-1963 

3.6-16.0 7.4-17.5 7.6-19.4 0-1.2
5.5-17.1 6.2-11.3
Extreme values 

9.7 10.7 14.1 0.2
10.5 	 7.2
Geometric 	mean 


t/ha/annum
Erosion 

3.9 12.5 4.1 16.1 0.1
 

Mean, 1958-1963 19.1 


Extreme values 1.0-67.8 2.6-5.0 1.4-26.4 2.0-5.6 1.9-33.8 0.1
 
3.9 11.4 0.1
8.4 3.8 8.9
Geometric 	mean 


Solid mineral losses
 
(Mean 1958-1963)
 

kg/ha/annum
Content 


MO 4.9 + 0.7% 412 186 436 191 559 5 
0.2
9 22 9 28 


N 2.142 0.581 20 

2 6 TR
 

P 0 0.526+ 0.215%/0 4 2 5 

0.1
 

C205 1.262+ 0.715% 11 5 11 5 14 


MgO 0.1767 0.071% 1 1 2 1 2 TR
 
0.3 1 TR
 

K20 0.0867 0.030% 0.7 0.3 0.8 


(Table 9), it is observed that
In the interesting csse of groundnut 

can lead to a moderate decrease in yield (121)

insufft-iont raiafali 


is re lunr; by almost 70%: groundnut then draws 75% 
whereas ULe NX quantity 

reserves conse
of its nitrogen requirements from the nitrogen and 

organic 


quently contr- OutinL to impoverishing the soil.
 

Accrdingly, the follnuing conclugion can be drawn: instead of always
 

legumes can on the contrary

improving 	thn 0 balance of the soil, some 


(Wetselaar and Ganry,
contribute to the nitrogen fossis of these soils 


1982).
 

This briof account of results obtained Sy agrono(4) Conclusion. 

mists in francophone Africa (and Madagascar) clearly 

demonstrate
 

that fertilization is a potent means for increasing 
crop yields
 

stabilized agriculture.
within the farmework of a 

huwever, this intensiFication of crcps without stand-by 
lands (long
 

period of fallowing) poses particular acute problems 
in semi-arid Africa
 

(1981).
as indicated by Pichot et al. 

"Binary mineral fertilizers (NP) or the ternaries (N'P K) generate
 

years but deprive the soil of bases and cause an
 yield increases for some 

This situation relating to
 

acidification which is detrimental to crops. 


the nitrate fertilizer addition results in the 
development of potassium
 

deficiencies and aluminium toxicities which can 
have a pronounced effect
 

on the establishment of seedlings.
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Table 9. 	Effects of rainfall on the efficiency of N2 symbiotic fixation
 

by legumes (Canry and Wey, 1982).
 

Percentage of nitrogen in the
 
Yield aerial parts obtained from:
 

(mobilized
 

Crop quantity of N) Fixation Soil Fertilizers
Rainfall 


kg/ha 	 %
 

Satisfac- Soya 2315 55 40 5
 

toryl (189N)
 

Groundnut 	 1420 66 32 2 
(74N) 

2 
 58 38 4
 

(68N)
 
Poor Soya 835 


21 75 4
 

(59N)
 
Groundnut 	 1126 


1 Rainfall ensuring a good water supply to the plant.
 

2 Insufficient and poor rainfall distribution.
 

Organic matter additions to the soil: the applications of gree,
 

manure and cropping residues or manure additions help to mitigate or eli

minate these detrimental effects of mineral manuring. 
Hovever, sorghum
 

residue supplied to the soil every other year does not cornititute a suffi

cient and lasting re-ians for avoiding acidification and basc deficiencies.
 

Depending on the aiplied doses, manuring is the only means corresponding
 

on the farm, to a real transfer of fertility making it possible to maintain
 

soil productivity'.
 

It can be concluded that the development of integrated systems of
 

agricultural intensification and of fertility maintenance on soils culti

vated by farmers supposes that within the agronomic and economic context
 

of West Africa, steps are taken to develop techniques permitting an effi

cient recycling of organic residues produced in agricultural farms, the
 

highest possible biological fixation of atmospheric N2 and an optimum
 

utilization of expensive mineral fertilizers. The adaptation of these
 

techniques must be based on the cropping systems and the diversified
 

agroclimatic context of the sub-saharan zone.
 

PROBLEMS CONNECTED WITH 7-HE PRACTICE OF RECYCLING CROP RESIDUES
 

The practice of recycling crop residues poses three series of
 

problems:
 

(1) Irrespective of the advantages in the experimental results obtai

ned through recycling, are crop residues still existing on present
 

agricultural farms, ava:'able for purposes of fertility improve

ment and maintenance?
 

(2) The treatment of the soil with organic residues having a high C/N
 

to immediate depressive effects on cropb (allelopathy,
cannot lead 

nitrogen deficiency, loss of N-fertilizers).
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(3) What are the modes of organic recycling that can presently be
 

recommended fcr tropical West Africa?
 

Availability of organic residues on agricultural farms. In tropical agro
on the
systems the exportable part of the plant is variable depending 


Cereal
farmer's production system and the domestic needs of his family. 


field; in feeding animals, in
re-idues are often put to use outside the 

It is also clear that resiconstructing dwelling places and in cooking. 


dues obtained from legumes are now considered by farmers as an essential
 

part of the harvest, particularly in the soudano-sahelian regions (rain

fall, 10GO mi). 

Surveys conducted in various Senegalese regions (Allard et al., 1983)
 

to evaluate the quantities of
has under real conditions, made it possible 

likely to be recycled for agronomic
residue -,'uced and those that are 


So it is clear that the available quantities of
 purposes (Table 10). 


residues are very limited particularly in areas where the problem of domes

tic energy is acute. Similar remarks have been made on the Mossi plateau
 

(Sedogo, 1981) in Burkina Faso. The scarcity of' fueivood sources increa

ses the collection of millet and sorghum residues and their use for fuel.
 

In areas with more rainfall, domestic use cf residues is lower and
 

the possibilities of agronomic use remain considerable. Accordingly a
 

first verification is required: the availability of organic residues is
 

often very limited and particularly critical in the animal rearing areas
 

of the semi-arid regions in Africa.
 

Effect of organic residue incorporation on crop nutrition. Some studies
 

in Senegal to determine plant toxicity aLtributable to
were carried out 


phenolic compounds contained in millet residue (Ganry et al., 1978) or in
 

the totality of sorghum cropping residues (Burgos-Leon et al., 1980). These
 

phenomena do not however seem to play a major role ewcept in the case of
 

In effect, the biodegraincorporations made immediately before sowings. 


dation of phenolic compounds in residues require about three rainy weeks.
 

to detect nitrogen deficiencies
 
(Gigou and
 

Other experiments made it possible 


in crops particularly in the absence of nitrogen fertilizers 

case of a massive
Dubernard, 1978 and Gigou, 1980) and solely in the 


straw addition. Whcn the quantities correspond to the normal harvesting
 

quantity (3 to 5 t/na) with a repeated incorporation, only modest and
 

positive effects are generally observed on yield. Moreover, the incor

potassium balance
poration of straws into soils have large effects on 


(Pieri, 1982) or on soil acidity.
 

in Burkina Faso indicate that composting of sor-
Studies carried out 


ghum residues supresses the "nitrogen deficiency" effect (Table 11). 

Manure seems to combine all the advantages: positive effect on potass

of all, a very
ium nutrition, suppressicn of aluminium toxicity, and most 


positive effect on nitrogen supply as is made evident by Sedogo in his
 

measurement of nitrogen mineralization on different organic residues
 

(Fig. 6).
 

Several studies have becn conducted on the effect of orgah-c recycling
 

on 
the coefficien; of utilization of nitrogenous mineral fertilizers and
 

on the contribution of these fertilizers to the nitrogen of cereal ferti

lizers (Table 12).
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Table 10. Availability of plant resiJues in central Senegal
 

(JF.Allard et al., 1983).
 

Avail-


Zone Crop Residue tion Utilization ability
 
Collec-


:S 	 t/hatMa 

Animals nil
Northern Groundnut O.'-1 .0 100 

1.0-2.0 50-100 Domestic +groundnut Millet 

Animals nil
Basin 


Fallow 0.4-3.0 50-100 Domestic +
 
Animals nil 

100 Animals +
Groundnut Groundnut 0.7-1.7 

Sale nilsub basin 

10-i5 Domestic 1.0-2.5
Mil.let 1.7-3.0 
Fallow 0.4-3.0 I- 15 Domestic 0.2-2.5 

Table 11. 	 Effect of different organc re-±dues on sorghum yield at 

SariA, Burkinl (Seoo, 1981). 

Sorrhum yield 

Wiuhout nitroger 	 60 kg/ha NTreatment 

kg/ha 

Without organic treatment 1821 	 2796 

lOt/ha of sorghum straw 1652 3427
 

lOt/ha of manur_ n05 3591
 
3688lOt/ha of aerobic compost 2505 


lOt/ha of anaerobic compos't 2304 3601
 

stress that organic residuesIt is absolite!y necessary therefore, to 
izers whose nitrogenousdid not rduce the ,f ficiency V n:trgn f ertil 


.vrife.
grains cc.onributJ . i" .,t Yy: a thy 

can cropping residues then
Methods for racycling r n1-c rni ues. How 

be managed? 

pr c'-ce (but incfl'ctive for nitrogen-saving)Besides the tr:odit ont 
vi ,t:n areas, there remain four possibiof burning 	 in th,,, r .x;o, 

lities:
 

(1) mulching,
 
(2) incorporati on,
 

(3) aerobic or unierobic composting, and 

(4) transfornmtion oy animals. 

1 Contribution = (Fertilizer N) in the grains % 
Total 1Iin 	the grains.
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Effects of organic residues on the coefficient of 
utilization
 

Table 12. 

of N fertilizers.
 

Coefficient of utilization
 

of'N fertilizers 

Crop Manuring Grain 
yield !st addition 2nd addition
 

(Location) Manuring 


kg/ha 
34
 

Maize mot) 4800 27 

(Bouake) 1001,1+ 
33

5t/ha straw 5150 27 
13 28
1201 1900 

Millet 120N+
 
11
(Bambey) lOt/ha compost 2200 28
 

Sorghum 42 
(Maroua) 50N 2870 40 


fertilizer ) in the grains % 

Applied dose of (H fertilizer). 
1 Coefficient of utilization =(N 

Research on soil fertility carried out by IRAT exclusively 
involved
 

the last three solutions:
 

(1) The practice of straw incorporation. Ploughing or pseudo plou-


Several experiments conducted
 ghing at the beginning of cycle. 


in Senegal and Ivory Coast on this subject, shed light on the
 

are involved in incorporating all 
considerable difficulties that 

the residues, in a non-motorized cropping system. This solution
 

feasible to be recommended for non
 seem to be
therefore does not 

agriculture.mechanized animal traction 

for a long time as unreasolution considered(2) Composting. This 
places:

listic has the advantage o being carried out in various 

on the plot itself, within compounds or group of compounds. It 

to incorporate into the 
can provide a product that is more easy 

can even be provided.soil than residues can be. Energy 

into compost is possible
The transformation of cropping residues 

or pit or again
through the semi-aerobic channel: Composting in a heap 


through the anaerobic channel by methanogenic fermentation producing
 

BIOGAZ.
 

These different possibilities have mainly been 
studied joincly with
 

in Burk'ina Faso. A prototype of a "con-
ORSTOM in Senegcl and w:ith CIFh 

tinuous digestor" "was developed by IRK and the 
biogaz has since the
 

to provide the necessary energy for 
past four years enabled Lossa (Niger) 

From the point of view of soil
 a pilot irrigated farm (Forest, 1980). 


fertility however, the results obtained at Gagnoa 
(Ivory Coast) and Bambey
 

Especially

(Senegal) indicate tUat composting cannot be the panacea. 


with very sandy soils in Senegal, results obtained 
prove that under con

tinuous cropping, the improvement of organic matter content in the soil 

can only be envisaged if the cropping techniques associate organic soil 
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amendment and fertilization. Comparison has also been made between several 

residues (millet and sorghum otalks and groundnut shells) be theycropping 
of the 	 soil with raw oiganic residues at

composted or not. The treatment 
not really enrich the soil a dose 	of lOt/ha or with compost at 81/hn does 

in the case of composted groundnut shells.except 

This result s(ems to be of particular interest in -I country like 

Senegal where groundnut plays a rajor ecornomic role. 

It can be concluded that even if we ignore for tKe tireo2eing, the 

monetary value of aompoat production througjh a a And less expenatemtic 

sive production of bioaz and energy, we must not undc:,.:timate the advan

tages that this "technoiooical packae"' c douldW or tropicalaff' ti.e wet 

area where cattle rearing is insgnific_.nt or nil hat we:re biomass poten-
This ".iomars channel' also no ms to betial and availability is high. 


unit. at t e fringes of aparticularly appropriate for agricultural f'arm 

water supply pr ( ''r'v.a , Ser,,ali vali'y,-i and pondspermanent 
this chAnnel,if o, etc...)ti ''g 

let us not lose oight of the Cact th°t this si.mpe heap or ot'rlw which 

gets composted on the spot i'2a-2'3l pict[, Ad& io otten used by 

in the 	coastal eart .n, 

w:13a1 ractice burning;.some African farm,erc (the homuke in U'eroon 

trcti.)n i:, tertain African 

repion sif.oann; modifi.d 
(1) Manure. Tic devooprent o!' ti-ca 

UP iw:ip;s'' utilizins"r 


the olant roslue ,'hich are present on i,-.f'v alter h±'vesting. 

Traditionally, plit'a residues were concure ['yno1ai I herds 
'at cu p:aved the waydurin 	 the d'y season; at t ca's , .i u,'.i.i 

rsfor the esta ohment &. acntr: ict ,eln:'P0,d:era hyrd 

This is becauris h- n: 'F a::)f i mal ,cxcr7t%(,na ai :,ri'ti !.I.yal.ean 

well known, particularly in tho sudano-sahelin arin . The development of, 

for competition hetween farmerssedentary ania' rearing .avnd tre way 
ppropr 	yi or re.sidue lovelopell ':hereby

and animal herders. U'rup'. ion 

in the stacks near
 

the residue is carefully .atircu nd dpcs.i ted form of 
are kept, animal excreta
homes. in enclosures whore the sedentary herds 

the va:riable compositionkeep accumulating mixing with soil with a and 

quite limited agronomic value ('able 13). 

manure qualityOne of 	the activities knot-ar to be capable or improving 
manure 	 stabls for purposes of retrieving a lessis the construction of 


earthy manure, mixt.'d with plant refuse.
 

Studies have also been carried out on the best :ethods of manure 

1976). It seems then that inorporationutilization (Ganry and Guiraud, 
useful 	in checking nitrugen losses to the atmosphere and in iimi

is very 
Considering that the use of


ting the mineralizatien of organic matter. 

,	 the only


manure can be utilits 
! and Its production improved it r'elrins 

solution availab! for the a[ricultural semi-arid regions r1,1the animal
of achieving a lasting increaserearing sudano-sahelian zone for purposes 


in soil fertility.
 

proofs 	wi their:multipleConclusion. i-respective of experimental 

the necessity Car recycling organic residues, there
attraction an: cver 

are several linitations involved with the systematizatien of this 
practice
 

in African small-scale farming.
 

http:insgnific_.nt
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Average mineral content of manure sampled in the Tananarive,
Table 13. 

Mahisy, Ambohimandratrino, Bevalala regions (Madagascar,
 

1958, 1962, 1965).
 

Dry matter content
 

Extreme values
C.V.
Element Average 


N 0.68 32.6 0.43 - 0.96 

P205 
K20 
CaO 
MgO 

0.26 
0.59 
0.12 
1.48 

37.1 
42.8 
61.9 
100.9 

0.16 
0.36 
0.06 
0.64 

- 0.38 
- 0.84 

- 0.23 
3.71 

In the semi-arid areas, the b~omass produced in low quantity is used
 

in multiple ways impeding its rational use, in the medium 
term, within a
 

policy framework of fertility mdintenance which is vital for 
the fate of
 

manure utilizaimprovement oi production and
agriculture in these zones. 


tion appears to be the only solution.
 

more possibilities but it will
 In more humid areas, there seems to be 


be necessary to develop residue recycling "channels" which 
beside their
 

fertility maintenance ability will immediately provide 
farmers with the
 

(equipment, for transportation, watering, incorporation),
additional effort 

The channel, "biogaz + small scale irrigation",
being requested from them. 

Pere the compost produced directly on the plot
is an interesting example. 


certainly be disseminated, and which
 makes it a simple practice which can 


is already being applied by some farmers (Cameroon). 

POSSIBLE IMPROVEMENT lN 	 THE EFFICIENCY OF SYMBIOTIC FIXATION 

BY LEGUMESI 

The practical difficulties involved with an effective recycling 
of crop
 

residues on agricultural farms make it necessary to attach 
much importance
 

to the improvement of the nitrogen balance of soils by 
making use of legumes.
 

Comments made above indicate that the positive role that 
these nitrogen fixa

totally guaranteed and that it would be neces.
tion species can play is not 


to the "potential
 
sary to develop cropping systems which will help draw 

near 


fixation".
 

For a given fixation system, this optimal activity is 
always redu.,ed,
 

these factors could be related to bacteria,
in effect, by different factors; 


to the plant, or to environmental conditions, in which 
the symbiosis
 

functions.
 

Three different actions that can be envisaged to be undertaken are
 

briefly discussed below.
 

Action on bacteria. Under' certain conditions, the nearly complete absence
 

of adapted fixation bacteria in the scil makes it possible to take an action
 

in the form of inoculation.
 

1 This chapter recounts the essential aspects 
of an article presented
 

to CNEARC by B. Saint Macary.
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A typical case is soya in Senegal on a large number of soils in the 

sudano-sahelian zone. As indicated in Tables 14 and 15, inoculation helps 

to improve emergence, the nitrogen content in the plant and yield from 

this crop. 

In recent years, IRAT has jointly studied with ISRA (Senegal), parti

cular problems relating to the practice of inoculation: choice and evalua

tion of strains, preparation of inoculum in an appropriate fermenter (Wey,
 

1983; Montange and Bernard, 1984), development of inoculation techniques
 

(Wey and Saint Macary, 1982; Wey, 1983). It was demonstrated that in6cula

tion of soya seeds in Senegal was not advisable and that the soil inocula

tion was preferable (Table 16). This operation can be carried out by using
 

a spraying seed-drill, a prototype of which was developed in this respect.
 

In the case of other fixation systems, and especially in the case of ground

nut, it has been proved that inoculation had no effect; Ganry, Wey and
 

NDiaye, 1976 (Fig. 7).
 

Attion on plant. Even though the choice of the variety that makes it pos

sible to obtain a maximum efficiency in symbiosis remains a very promising
 

research approach, it is often difficult to implement concrete action in
 

this-domain.Gary "(1984) however emphasizes the importance-in the-farming
 

practice of choosing soya varieties which:
 

(1) on one hand economize on nitrogen, i.e. varieties for which the
 

quantities of mineral N derived from the soil and from fertili
zers, necessary for obtaining 100 kg plant N, are the lowest
 

possible.
 

Coefficient e = 	absorbed mineral N
 
total plant N
 

(2) on the other hand helps maintain the N stock in the soil, consi
dering that the quantity of N contained in leaves (and normally
 

returned to the soil during harvesting) is at least equal to the
 

quantity of soil N used:
 

Coefficient m = leaf N - sol N>0
 

Table 17 demonstrates a typical application of this double criterion,
 

on four varieties in Senegal and compared with Jupiter. The later variety
 

has proved to be among those that mostly exhaust the nitrogen fertility
 

of the soil.
 

Action on the environment. Very c'ten in practice, from the experience
 

of IRAT, actions on the environmoi have the greatest impact on improve

ment in the efficiency of symbic fixation and legume yields which face
 

no inoculation problems.
 

(1) Water stress control. The effect of water stress on fixation has
 

already been emphasized above and illustrated in Fig. 8 (Ganry,
 

1982). It will be demonstrated later that any farming practices,
 

that help to improve the water supply of legumes especially at
 
the young stages, are of considerable importance.
 

(2) Acidity control. Even if differences in efficiencies have been
 

observed in fixation systems under low pH conditions, it does
 

not seem that the bacteria are directly affected by the low pH.
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Rhizobium strains
 
Table 14. Effect of inoculation, using different 


on soya yields, Senegal.
 
1
 

Strains
 

USDA 138 local A local B
Control
Effect 


Dry weight of
 
236 1971 1730
nodules, mg/plant 


1583 1087 682
685
Yield, kg/ha 


Total grain
 
105.9 62.1
nitrogen, kg/ha 	 38.1 37.2
 

inoculated by soil applination.
1 The plants were 


first made to grow

In a recent experiment (Fig. 9) soybean plants were 

16 ... days, and then subse
in a nutritive medium at p1l6 for 0, 1, 8, 12, 


It was observed that nouolation is normal when
 quently maintained at pH 	4. 
= 61 is equal to or Exceeds 10 tc 12 days; produc

the favorable period (pH 

when the favouble period is 

tion (and efficiency) however, is only affected 

less than two days (Samson, 984).
 

very sensitive to acicity,
Thus the nodule formation phase is certainly 

seem
 
but there is the possibility of' recovery because efficiency does not 


to be altered by acidity.
 

In this way, the conditions for a localized soil amendment on the farm 

or for the coating of seeds are reproduced for purposes 
of maintaining a
 

(Do Narie,
favorable physico-chemical environment within a brief period 

a bit onerous would be as effective
1968). This technique which is just 

view to increase the ph 
as a massive application of soil amendment ,jith the 


of the soil to a level normally considered to be satisfactory (pH 5.5).
 

being compared in Madagascar in a 
These two techniqIues are preoently 

lime requirements might not be 
soya -maize cropping system, becaise 


of soya cultivation only but also take into
 
appreciated from the o,,lavior 

involved w-ith maize (sensitivity to Al and Mg
consideration the exigencies 

requirements).
 

WO illustrate the conside
(3) Farming practices. Table 18 and Fig. 

rable impact of soil preparation and manuring techniques 
on ground

fixation = ploughing and addition of 
nut yields and symbiotic I 2 

to be verywith or jithout lime, has provedassociated mnanure, 
both the root growth and the efficiency of 

effective in improving 
enjoys more favorable water and 

symbiotic g-roundnut fixation which 

mineral conditions.
 

and enhancementhuwever that intensificationIt is worzhwhile noting 
make the latter, more sensitive to 

of the vegetative development of plants 

of the first activities 
of the entire 

water stress. Since fixation is one 

care must be taken under semi-arid
to be affected, muchfixation system 

climate conditions.
 



soya.
Table 15. Comparison of Rhizobium strains on 1
 

Local strains
 
Non- . - Mixture of 

Characters inoculated 03 strain SA SB OP strains C.V,% F Test 

Number of shoots/ha 356,000 373,000 369,000 379,000 372,000 359,000 5.1 NS 

Percentage emergence
Nit"oge rate in the 
Nito en rat i.23t.2e 

79.1 83.0 82.0 84.4 

2.61a 

82.8 

3.01a 

80.0 

2.80a 

-

10.8 

-

H S 

leaves on the 60th day 2.41a 4.23b 3.22a 

Fresh weight of nodules,
 
363 59 

236 1971 1730 633 615 

mz.plant 


1583c 1087b 682a 685a 704a 23 H S
 
Orain yield, kg/ha 685a 


5.55a 6.8 H S
 
5.58 6.69b 5.71a 5.44a 5.61a 


Nitrogen in grain, 


Nitrogen exported by
 
37.2 38.4 39.1
grains, kg/ha 38.1 105.9 62.1 


Number of nodules per
 
73.0
plant on 60th day 2.5 41.4 16.6 12.1 10.2 6.5 


1 Liquid inoculation of soil.
 

2 Results with the same letter are not significantly different at the level of P 
 0.01 (H.S.) and = 0.05 (S). 

letter are not sta'tistically different.
 3 Figures followed by the same 
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r Fixation nitrogen
 

LIZ Soil nitrogen
 

SFertilizer nitrogen
 

Addition of 15 nitrogen units
 

Soil inoculation
 

N). 

80 
bo 100 

0 
0 

60 

40 	. /
 
*J8
 

20
 

At Delayed
Seed 

seeding inoculation


30 nitrogen 

inoculation 


Effect of groundnut innculation on sources 
of nitrogenous
 

units 


Fig. 7. 


nutrition, Bambey 1975.
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600 Rainfal. (mm)400 	 500 700 

Fig. 8. 	Relationship between rainfaill and the quantity 
of nitrogen
 

fixed by groundnut, Senegal..
 

100
 
NDry weight aerial parts
 

(i 
0 80 

umber of 	nodulest------

0 
4. 60
 
0C
4-) 

S40
 

4., 

) 0 C 

S 012 8 12 16 

pHZ4 pI!=/# pH:6 

Fig. 9. 	Influence of pH at the beginning of cropping on the 
formation of
 

nodules and plant production. At 	 the beginning of cropping the 

ind after some time at pH 4.plants were placed at a pH1of 6.5 
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Effects of farming techniques on groundnut nitrogen 
fixation,


Fig. 10. 

Senegal, 1974.
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Table 16. 	 Effect of inoculation method on soya yields in Senegal.
 

Method 	 Yrar Control Inoculated 

kg/ha 

Itioculation of grains 	 1972 993 983 
1973 2016 25") 

Inoculation of soil 	 1975 605 15C3 

1978 P26 	 1528 

Table 17. Choice of varieties 	economizing on rit.'ogen and enhancinZ the 

maintenance of soil C fertility (Gan'y, 984). 

Variet,ie s 	 ,is., 

44/A/73 - 0.7 
4/73 2 

22/72 	 !95 + 6.6 
26/72 	 14.4 + 7.1
 
Jupiter 	 25.0
 

Table 18. 	 Effect of' cropping ,echrn cue- on vild of' ;,-oundnut. The 
Tb ilriakha trnIs., Cen :-iI1 

(]-epbine t,chn iq ' 2 

oua
£" a' 	 Plounb,ing 

Trial, Plo+g. I n .a 1hng ± manure 
character Control inL- r1', [r A- I+' + lime 

Mean 1972-75 
Pods 815 950 i177 ')10 1U24 1178 
Hay 794 1031 1486 913 987 1455 

Year 1921 
Pods 355 413 669 652 /25 816 
Hay /429 487 1162 802 '33 1367 

Conclusion. It is beincr rec.or. ,., for this reinn that cropping systems 
must resort to legumes. Grain ],.:nne and even fLdder and green manure le
gumes are sources of "grratuitous" nitrogen that. are of particular interest 
to small-scale farr:nino in Africa. 

However, "s verl c,:,es, sain either .o thec, sufficint availability 
of adequate efficient bacteria 	nr to the unsuitable conditions of the physi
cal environment (,.rter str.'ss, acidity, mineral deficiency) , the et'ficiency 
of nitro)-en fix..tion can he highly reduced and the nitroern balance of the 
crreal-legume rotation wil show shortages (Table 19). 
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Table 19. Nitrogen balance of the millet-groundnut cropping system
under semi-arid conditions, Senegal 'Ganry, 1982). 

Gains Losses 

kg/ha kg/ha 
Atmospheric contribution Tr Net exportation 

Fertilizer on millet +80 Net exportation 
by groundnut -109 

Fertilizer on groundnut +15 Denitrification and 
volatilization: 

Soil - N (two years) - 50 
Symbiotic Nf fixation +82 Organic residues - N 

(twoyears) - 8 

Fertilizer - N 
(two years) - 28 

Net balance -71 Leaching (to years) - 20 

Suitable farming practices helping to compensate'for the constraints
 
imposed by an unfavorable environment (lack of water,l acidity) often consti
tute the most significant actions that can be taken tp improve the efficiency

of symbiotic N2 fixation by legumes. Here also, as i t 
was the case when fod
der legumes were introduced into a stabilized agricultural and animal produc
tion system, considerable research and extension effcjrts are yet to be made.
 

OPTIMIZATION OF MINERAL FERTILIZER UTILIZA7ION
 
Even for purposes of improving the mineral nutrition 6P crops agricul

tural productivity of soils cannot be envisaged to beqincreased for a long

period of time, even in the case of an efficient recjcling of cropping resi
dues, without resorting to mineral fertilizer.
 

The following three objectives must always be set; as targets in matters
 
of optimizing the use )fmineral fertilizers'in the sib-saharan region:
 

(1)to correct tne mineral deficiencies which tend to limit the poten
tial fertility of soils,


(2)to supplement the mineral "supply" of soils lio
as to meet the
 
demand of intensified croppings,


(3)to limit (at least not to increase) the risk;borne by farmers using

mineral fertilizer especially climatic (worsening of the effect of
 
water stress in a situation of erratic rainfzill) and economic risks
 
(lack of profit).
 

Correction of mineral deficiencies of soils. In Africa as in Madagascar,

the most frequent case observed is phosphate deficiency.
 

Several studies have beer, carried out on this subject (Pichot, Truong
 
and Beunard, 1979) and on the methods for correcting.these deficiences.
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In West Africa the correction of this deficiency necessitates the
 
application f mild doses of phosphorous (40Oto 70 kg/ha P205). However,
 
the~ase of' tsaturatedferrallitic soils having a high capacity for absor
bing phosplhat'ions is of particular interest because it seems that the
 
real impact+'ol the 'fixation" phenomenon.has often been exaggerated. This
 
impact which 6as been perfectly demonstrated in the laboratory (Fardeau,
 
1976) seems in'practice, to-be less constraining than was imagined. More
over, it appears'that massive -corrective manuring which was recommended
 
tobe,,applied.in .a-single.-.year (inthe form -of-land-nvestment with the.
 
cost borne'by.the national or international communityand not the farmer
 
who cannot bear this cost) can be gradually applied in practice.
 

This was specially studied in Madagascar where the effacts on produc
tion and soils with a high initial P Manuring (360 kg/ha P205) were com
pared with moderate annual applications (45 to 90 kg/ha P205) of phosphate.

The following were the major conclusions:.
 

(1)With an annual additibn of 45,kg/ha of P205, 80% of production
 
obtained after application of strong corrective manuring was obtai
ned in the fourth year of application.


(2)In spite of the appa-ent "retrogradation" of P fertilizer, indi
cated by the normal chemical analysis, its residual effects are
 
clearly felt on the crops. This available portion of the P ferti
lizer applied is all the more greater as the additions were gra
duated i.e. the proportion-of annual P additions as compared to
 
the initial dose (corrective manuring) is higher.


(3)The Hyper Reno type of natural phosphate in a pulvarized form, has
 
the same efficiency as a triple superphosphate under the conditions
 
of this experiment conducted at Ampangabe.
 

(4)In a nutshell, a massive corrective manuring applied only once, is
 
that which makes it possible to obtain the highest monetary P manu
ring enhancing a gradual development of production constitutes a
 
very attractive means since it reduces flyancial risks and waste
 
(disturbing erosion) which are always high (Arrivets et al., 
to
 
be published).
 

Fertilization adapted to suit crop requirements. Several'research studies
 
have been conducted in this area, with agronomists studying'doses, forms,
 
application methods and mineral balances most adapted to each crop (IRAT,

1975). Emphasis was given to techniques helping to reduce losses through

leaching under cropping by dwelling partly on the improvement of the over
iall water balance and partly on the reduction of'soluble drainage element
 
contents (Pieri, 1983).
 

From the foregoing analysis it is recommended that the addition of
 
some fertilizers be split, particularly nitrogenous on cereals (Ganry,

1982)"and even potassium in the humid tropics. Velly (1972) quotes several
 
experimental results relating to the advantage of K fertilizer split appli
cations under intensive cropping conditions. Thus at Ampanga~e, an addi
tion of 90 kg/ha ofIK20 at seeding resulted in 3709 kg/ha of maize grain&,

two applications resulted in 4134 kg/ha and three applications resulted in
 
4630 kg/ha.
 

Moreover, IRAT, attaches much importance to all techniques favoring
 
crop development and particularly the exploration of the soil by a dense and
 
deep root system (cf, Nicou, Chopart). It must be stressed that the cultivated
 

,it ' ? .,;i.,'.i ,, + ,: :{ i , " .iN i m' i' " U , - ..U '++ • '.) " " • ;. +. 7 
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species have different abilities for developing a vigorous rooting, espe

cially in the savanna areas subjected to temporary hazards of drought.
 

Especially among small-scale farmers, this can justify the use of 
intercropping systems, with traditional types of cereals such as sorghum
 

or West'African millet constituting, in comparison with cotton or ground

nut cropping, re-l water and mineral element "traps".
 

Fertilization anairisk limitation. For farmers with limited financial 

--resources-who, generally-,have--a very limited access.(cash crops)-to credit, 

it is important that the use of mineral elements does not increase the risk
 

relating to the irregular rainfall and,the generally unfavorable price ratio'
 

between cropproduction and fertilizer.
 

Fertilization and climatic risk. The considerable potential of fertilizer
 

in raising production has been highlighted (Tables 2 and 3). However, the
 

mean values of yield often conceal a very large interannual variability in
 

production'because of the climatic conditions of that year.
 

Recent research carried out at research stations seems to prove that
 

fertilization isa factor of production helping to minimize these climatic
 

effects (water stress, high temperature) which are'commonly known. In
 

this way, Forest and Kalms (1982), in their studies on the influence of
 

water regimes on pluvial rice production (1984) dropped the hint that by
 

virtue of fertilization (30-30-40), this cropping makes a far better utili

zation of available water during the critical period from the end of tille

ring to the panicle initiation stage. These authors argue, on the other
 

hand, that it seems unjustifiable to use a more intensive and therefore more
 

costly manuring, in view of climatic and therefore economic risks.
 

This effect of manuring exists provided that the latter is balanced.
 

Thus in intensive millet cultivation (with deep ploughing and control of
 

weeds), the addition of K to a phosphoro-nitrogenous manuring helps in redu

cing by half, the inter-annual variability in yields which, in the absence
 

of manuring, is cf the same order in size as that of rainfall (Pieri, 1982)
 
(Table 20).
 

In the two cases cited, the authors explain this effect of minimization
 
of water and temperature'stress by the role of manuring (associated with a
 

suitable preparation nf the soil which is not generally the rule on farmers'
 
fields) on accelerated crop growth and particularly, root growth which conse

quently has access t, a greater volume of soil and therefore to a more
 
abundant useful water reserve.
 

In the case of millet, it appears that K fertilizers essentially influ

ence the vigor with which crop development begins (accelerated rate of growth
 

in the first fifteen days) and exert only a slight influence on potassium
 
nutrition through the cropping cycle.
 

Reduction of fertilizer cost: case of natural phosphates. In francophone
 

Africa, it is observed that the most widely used fertilizers are generally
 
very concentrated (urea, complex formula based on DAP and KCI) on account
 

of the very significant cost of transport, this cost being particularly
 

high in land-locked countries where there is neither a coastal border non
 
local production.
 

The availability of several natural phosphate deposits in this part of
 

the world of course led to the IRAT recommendation for a direct use of these
 

potential fertilizers (Pichot et a!., 1979). Experimentally, this indicates
 

I'-._ 
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Y Table 20. 	 Mean effect of potassium manuring on millet grain yield in the
 

absence of straw restoration (1973 to 1977).
 

NPK, kg/ha
 
Usefuli
 

Statistic rainfall Control 0 30 60 90
 

mm kg/ha
 

S... Mean-(1973-1977).. 452 . -1278 ...2246....... 21:89 2513 . 2515
 

Standard gap 83.8 265 261 188. 118 67
 
C.V. (%1) 18!5 20.7 11.9 7.6 4.7 2.7 

(Tourtei,1964) that manuring plans through crop rotations based on succes
sive use of simple fertilizers (phosphated manuring as a basis, nitrogenous
 

manuring on cereal, potassium manuring on groundnut, etcJ can thus be recom
mended and not rotations based on complex NPK formulae adapted to each crop.
 

It is true however that these phosphates are not always directly assi

milable and can hardly be compared with more soluble forms which are more
 
easy to be handled by fa.'Iners in view of their granulated form.
 

IFDC has renewed interest for partially acidified phosphates which
 
European fertilizer producers have gradually withdrawn from the market.
 

Table 21 shows some experimental results obtained in Togo and Burkina
 
Faso with phosphates originating from these countries and partially tackled
 
by two fertilizer producing firms (Siveng and Timac, 1981).
 

Undisputably, this partial acidification procedure significantly inc
reases the efficiency of natural phosphates but the economic benefits to
 
the farmer (reduction in cost of fertilizers) and to the country (reduction
 
in imports) are yet to be appreciated. It must be added that the procedure
 
supposes in a nutshell, that one can have access to sulphuric acid at a low
 
cost price.
 

Moreover, concurrently with this industrial procedure a partial solu
bilization has also been tried through the composting procedure, and for
 
the time being, the experimental results have shown to be variable (Burkina
 
Faso) and at times very encouraging (Senegal) (Ganry, 1978).
 

GENERAL CONCLUSION
 

A review of research carried out as part of francophone agronomic
 
research in Africa and Madagascar demonstrate that solid agrotechnical
 
bases exist, making it possible to involve the countries concerned in
 
agricultural intensification. The latter must necessarily be applied to
 

satisfy increasing food demand in these countries.
 

Certainly, fertilization is a prime technique for increasing agricul
tural productivity in this part of the world but in order to obtain a
 
greater and lasting production it is indispensible to combine the effects
 
of mineral fertilizers, the recycling of organic residues and biologic
 
nitrogen fixation, and also to optimize the use of local mineral resour

ces such as natural phosphates.
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Table 21. Comparison of different form of phosphate fertilizers.
 

Cotton seed Maize Sorghum :
 
Treatments (47 trials) (21 trials) grain
 

kg/ha Index, % ~ kg/ha Index,h~ kg/ha Index', % 
Togo
 

fertilizer 777 53 444 51 - -

NPK (raw phosphate) 1133 77 745 85 	 -

NPK (phosphate 
acidified at 61%) 1260 86 817 93 - -

NPK (soluble 
phosphate) 1484 100 875 100 -

Burkina
 

. .. 	 . 848 69
Control, NK 


NPK (raw phosphate) . .. 	 . 929 76
 

* 	 NPK (phosphate
 
acidified at 29%) 1128 92
 

NPK (soluble
 
phosphate) 1217 100
 

Organic maintenance of tropical soils, as well as the practice of liming
 
'
 

of which the immediate impact on yield is not always visible, even though ine-
2


vitable, raises serious application problems since they depend on a long-term
 
fertility maintenance strategy.
 

Experiences from the last ten to twenty years unfortunately prove that on
 
the whole, technical systems of food production intensification were very
 
badly handled by farmers who very often chose to retain certain techniques
 
helping to stretch the extensive traditional systems up to a land saturation.
 

This crisis situation to be dealt with makes it possible to hope for a 
reversa2,in trends but it must also be,stressed that it only depends on farmers. 

Agricultural 	intensification which must be based on reliable agrotech
nical,bases,'must also be accepted by all national and international rural
 
development agents and decision makers. Do present pricing policies and even
 
land legislations of most of these countries permit such a revolution?
 

If we limit ourselves to crop fertilization and soil fertility in several
 
countries, particularly those of thel'semi-arid regions, would it not also be
 
necessary to:
 

(1) start restructuring the rural landscapein order to enable agrofo-
I restry to enjoy its merited status, 
(2) reglate common pasture land and the use and value of crop residues
 

through a sedentary live stock system,
 

(3) solve the problems of providing circulation means, and cropping
 
season credit for non-cash crops,
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(4)establish a proper balance between the price of inputs and pur
chasing and selling prices of agricultural commodities. The

K . task to be undertaken is as immense as this vast continent._., 
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ANNEX
 

REFERENCE STUDIES ON LONG-TERM FERTILITY TRENDS
 

(1) Long Duration Trials:
 
(a) in the dry tropics:
 

Saria trial in Burkina Faso since 1960 (Pichot et al., 1981;
 
Sedogo,. 1981)
 
Nioro Du Rip trial in Senegal from 1963 to 1979 (Sarr, 1981)
 

• M'Peioba trial in Mali from 1955 to 1970 (Pieri, 1974)
 
Bambey trial in Sengal from 1973 to 1978 (Pieri, 1982
 
N'Tarla trial in Niger from 19.. to 1973 (Pichot et al., 1974
 

(B) in the humid tropics:
 
Ga&noa trial in the Ivory Coast from 1971 to 1981 (Chabalier,
 
1977; Akomian, 1982)
 

Boukoko trial in the Central African Republic from 1965 to 1970
 
(Pichot, 1971)
 
Ampangabe trial from 1965 to 1971 (Velly and Longueval, 1976)
 
Davie trial from 1976 to 1981 (Marquette: to be published)
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(2) Diagnosis in Farmers Fields:
 
(a) in the dry region:
 

* A study on the evolution of soils under traditional cropping
 
in Upper Casamance (Siband, 1972)
 

* Problems of cotton cultivation in eastern Senegal (Ange, 1984)
 
(b) in the humids tropics:
 

* Ten years of motorized cropping on a catchment basin in
 
central Ivory Coast: production and fertility trends (Le Buanec,
 
1972) 

* 	Comments on the long term fertility trends of soils cultivated 
at Grimari, Central. African Republic (Morel and Quantin, 1972). 



AGRONOMIC AND ECONOMIC EVALUATION OF ALTERNATIVE
 
PHOSPHATE FERTILIZER SOURCES IN NIGER
 

Andre BATIONO, IJgo A. .O,,.'UgYE and C.A. BAANANTE1 

Phaphor'uo plays an important role in food production in the semi
arid environmwrts of nub-Snharan Afr'ica. It is recognized that in developing 
countries ferti1lizers ihavc so far accounted for more than r(, of the incre
a;- in crop yield. 

Fert.ilint'r cunsumptiu, bw Africa is very low ana represents about 34 of 
the world's a'unwptjon. no ampw, Africa uses 20 kg/ha jf fertilizer 

,,a'' [K is threenutricn- a qom with whe the nver 6,8 g/h Almost 

fifths of" t'e Qrli'.r ,oa'wmod & Af'r.ca is used by Fcypt and South Africa.
 
In Nig er fertiiz'r coi 'a :. It Lnl 19 8087 was 3,563 nt, Ard the fertilizer
 
nutrient consumption was 1./ha.
 

.Since, 9u Ltrnaticuna.! Fertkl i"er Development Center (IFDC) in 
collaborytio, with the Intcrn itional. Crops Re'z,"'er''irI.nstitute for the Semi-
Arid Tropics (ICF!ISAT) nas arried out i systematic research pr'cgram on nic 
trogen and phosphorus C'rt-ilizer sources and their mcanagement in semi-arid 
sub-Saharan Africa. 

The object ives of th. phosphorur; component of' the research program are 
's follows: 

(I) 	 to evaluate the attential of indige.'nous phosphat rocks for direct 
application, 

(2) 	 to investigate the production, at min un. cost, cf a!ternative 
phosphate fertilizers such as partially acidulated phosphate rock 
(PAPR) Mid to test the agronomic effectiveness of these materials, 

(3) 	 to develop management prict ices for' i more efficient use of 
phosphorus Pcr'til.iers. 

The objective of this paper is to compare information obtained from 
agronomic and economic eva uation of alternative phosphate fertilizer sources 
at experiment station trials with that from on-farm researcher-managed trials. 

SevEr-al investigators have shown that lack of P constitutes a major 
constraint t3 rood production in tropical Africa (Milne, 1968 ; Pichot and 
Roche, 197?).
 

The sandy soils of sub-humid and semi-arid West Africa are low in P 
buffering cap ity (Juo and Fox, 1977; I'ok'a-ye 1977; Pationo, 1982), and 
crop re'ponaes have been obtained with small P applicatior of the order of 
4-10 kg P/ha ('ang and Osiname, 1079). e' ponwes to F re m-re spectacular 
in the semi-arid zone of tropical A'rica (auck, 1966) . Jones and Wild (1975) 
have reported that P deficiency occurs widely in the savanna zone. The low 
organic mtter contert in the sardy soilL, of' semi-arid Af-,ca contributes 
to the phonph:te problem. Several. invez tiCators have irJicated that in soils 
rich in organic matter, the release of organic P plays a vital role in plant 
nutrition (Nye and Greenland, 1960; Acquaye and Oteng, 1972; Agboola and 
Oko, 1976). 

1 	Soil Scientists and Economist, respectively, International Fertilizer 
Development Center, P.O. Box 2040, NuE..ie Shoals, Alabama, 35662, USA. 
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The cost of transportatiou in a landlocked country like Niger makes it
 
necessary to use high-analysis fertilizers. However, these high-analysis

fertilizers contain little or no sulfur. Several workers have reported sul
fur response in anumber of crops (Greenwocd, 1951; Watson, 1964; Braud,
 
1970; Osiname and Kang, 1975; Kang and Osiname, 19,76; Enwezor, 1976; Fox et
 
al., 1977). 
 Kang et al., (1981) found that total sulfur in soil decreases
 
in the the follcwing order: forest: derived savanna> Guinea savanna. 
Thus
 
3.
sulfur-deficiency-is-expected to-.be even-more acute in soils--from the 
.-.-...
 
semi-arid ecosystems.
 

For most countries of Sahelian Africa, it may be more economical to use
 
phosphate rock (PR) for direct application. But the effectiveness of PR
 
depends on its chemicd, 'ano mineralogical composition, soil factors, and
 
the crops to be grown (Khasawmeh and Doll, 1978; Lehr and McClellan, 1972;'t
 
Chien and Hammond, 1978).
 

Several experiments have been carried out to evaluate agronomic effec
tiveness of West African indigenous phosphate rocks for direct application

(Nabos et al., 1974; Jenny, 1973; Boyer, 1970; Juo and Kang, 1978; Jones,
1973; Mokwunye, 1979; Thibout et al., 1980; Bationo; 1982j. The results 
suggest that the agronomic effectiveness is low. Truong et al., (1978)
compared several PR sources (Anecho in Togo, Arli and Kodjari in Burkina 
Faso, Tahoua in Niger, Taiba in Senegal, and Tilemsi in Mali) and found that 
only Tahoua and Tilemsi PR were suitable for direct application. 

The effectiveness of African PR is dud to their low reactivity, which
 
results in their inability to supply P in soil solution for crops. Partial
 
acidulation (PA) is one way to increase solubility of PR. The term PA50 
indicates that 50% of sulfuric acid required to produce single superphos
phate is used to make The product. The work on PAPR tO date has been cha
racterized by conflicting results. McLean and Wheeler, 1964; McLean et al.,

1965; McLean and Balam, 1967; McLean and Logan, 1970; Misra and Panda, 1969;

Lutz, 1971; and Ashbyet al., 1966, found that PAPR at various acidulation
 
levels was equal to and sometimes better than concentrated superphosphate

(CSP), whereas Terman et al., 1964, and Terman and Allen, 1977 and Allen,
 
1977, found that PAPR was inferior to CSP. Mokwunye and Chien (1980) repor
ted that when an equal amount of water-soluble P in the form of PAPR or CSP
 
was added to two Alfisols fro Nigeria and an Oxisol from Colombia, the
 
amount of water-extractablo P was higher in soil treated with PAPR.
 

Work done on farmers' fields by McIntire (1983) suggested that fertil
izer use under farmers' traditional practices was profitable in Niger.
 

MATERIALS AND METHODS
 
Field trials for agronomic evaluation of alternative phosphate fertilizer
 
sources. In 1982 different P fertilizer sources were tested at the research
 
station at Sadore, and in 1983 and 1984 the most promising fertilizers that
 
had emerge. from on-station research were evaluated in experiments set up

and managed by the researcher on a farmer's field at Gobery.
 

Some selected chemical ana physical properties of the soils at Sadore
 
and Gobery are presented i) Tble 1. Table 2 gives additional information
 
on rainfall, cropping system, origin of PR used, and crop variety used.
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Table 1. Selected chemical and ohysical properties of' scils of Niger. 

Soil characteristics Sadore Gobery 

Soil classification UCDA Alfisol Alfisol 
Orlganic matter, % 0.29 0.30 
Total nitrcgen, % 0.02 0.02 
Soil pH, w-ier 1:1 5.6 5.2 
Available F, Bray P-I 3.4 2.6 
CEC, meq/!I0 r1 1 
Base saturation, 0, 60 55 

95Sand, % 92 

Clay, % 6 2 

Table 2. Fainfall, cropping syftem, type of rock and crop used at each 
experiment site.
 

Sadore Gobe-v 

Total annual rainfall m 

1982 370 
1983 598 392
 
1984 - 260 

Cropping system Hillet sole crop Millet sole crop 
Origin of P' Niger Parc-W rock N.Lier Parc-W rock 
Crop variety CIVT CUIT 

On-station 'esearch (Su-dor, 1982). 'ihe fertilizer' ources were: 
(1) Parc-B phosph:t( rock (11R), 
(2) Parc-W; phosphateirock partially acidulated at ,5 (PA25), 
(3) Parc-1-J : iosppahte rock partially acidulated at 50/, (PA50), 
(4) Triple superprosph. (TSP) , nd 
(5) SinelIe superDiIo Uhate (LSP). 

P rat<<s were 10, 20, Y) and 40 kg PO0/ha, and alL plots received 30 kg 
N/ha as urea at 21 days cfter plantinr and 30 kg K20/ha as KCL. The K and P 
applications were broadcas:t and incorporated with a tractor before planting. 
A randomized completc block design .ith eight replications was used for the 
experiment, and millet was planted :AtI spacing of I x I m. The chemical 
prope-ties of' Parc-.'" I1 and rc PAPi are presented in Tables 3 and 4, 
respectively. 

To compare the different P sources, the relative agronomic effecti
veness (RAE) was calculated. AE is defined as : 

Yield with F .. _Yield of Control Treatment .
 
Yield with 2SP - field of Control Treatment
 

On-farm rechearch (Gobery 1983, 1984). At Gobery during 1983, PASO was 
compared with SIP. Rate: were 20 and 40 kg P205/ha. Nitrogen was applied 
as prilled urea, br"ad.nat and incorporated (U) , or as urea supergranule (UG) 
placed on the milet hill, -t the rate of' 30 kg H/ha. Potassium was applied 
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Table 3. 	 Chemical "ralysis or Poarc-W phosphate rocj<. 

Soil elementf 	 't, % 

Total P20
 5
 
CS P,- 2.6
 
Ca) 	 40. 
F 	 3.4
 

FeO3 	 1.(0
 
HigO 	 0.13 
Na)O 	 0.o~00413 

F. 00.05 

Si02~ 23,0
 
"
 C0,11 


I Measured in neutr'-a aummonium citraLe solution. 

Table 4. 	 Chemical analysis ofwpatially acidulo te, Prc-, phosphate 
rock, wt % 

Level of Type ,f Total 	 CS 3 

acidulationM -, ....	 p 

a], 	 5,'*. 2
 
c" iu la!, 


509j (;r i Ja, ,.:'..- [ qI 9
 
75 ~C r 	 . 1138.9 

1 Indicate: r. ' ''.... acid .'*:(uir)d Lt produce S

2 WS = Water soluble 

3 Soluble 	 i 1-t neutrai l, ' ,oni, '.- - ,].utior. 

4 Analysi 	 r, or' on ru- l,r s ''0 (Tyvi 
i 	 - r-:,;q'n
5POP 	 l:r i. tnetPj._,.:)r 'tha .
 

as KCI at 30 s' -/l'' "' P 4ne2 ppied b:erore planting and incor
poratd a' 11; w h-r'-i F t one-bla.s at 21 days afterK, d I 
pl nting rd on- -'.li -'z'.n. " 

At G, en . ,APA'H ;:' , T,-ad 1 u-'"e c-cc red. Ratec we re 30,
60, aLd 10 k" P-Or 'hi' *o,'."I ." L at 30 kg K.,Oia and N 
as urea at -0 Ig /h . The ohosphortUC - -Pot~ were ipplied before-m 

planting -rd Lncor'Lrorate', wi th a hue. The ,'> as ,sp.lt, one-half at 
21 days aft' plating s-.d on-halt at L5 days ai terlanting. In both years 
a randomized complete bloc;, ieis'-n ith elPht, ii,'-'Vi ai was used, arid 
illiet plait4 'Ingditanc. was 1 x Im. 

Stat:istical procedures. Analysis of variane war conducted to determine the 
'statistical .cigrnificance of' different treatments: on crop yields. The f'ollo
wing ceneral model, coniirtent with the completely randomized block design, 
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was used for this purpose.
 

Yi - + Ri +-X + + (XZ) k + ei"Zk 


where the observed crop yield Yijk is equal to the true mean u plus the ,.', 
-


effects of the ith replicate Ri, the jth fertilizer rate X1, the kth phos
 
rate and
phorus source Zk, the interaction effect of the jth fertil zer 

phosphorus sourpe (XZ)jk and the error, term eijk.
 

The effects of different P sources on crop yields were compared and
 

....
evaluated by.using.orthogonal,contrasts.an-i by estimating _the following P 

response function models using ordinary least squares: 

Mn m 2 

Y Bo + k-11 BkFk 4 k=J1 ek Fk + e
 
m
 

e
Y o + k1 Xk ln Fk + 

Where Y'= crop yields in kg/ha;
 
Fk: rates of P205 applied using the kth P source in kg/ha;
 

B, Q, and b= parameters of the response functions;
 
e = random errors with normal properties.
 

Economic evaluation. The adoptiin of new fertilizers by farmers depends in
 

great part upon the relative profitability of these fertilizers with respect
 to the profitability of fertilizer products already available in the market.
 

Fertilizer technologies that can significantly increase economic returns to
 

farmers have a high probability of being adopted by farmers. Moreover, these
 

technologies will economically increase the productivity of fixed and limi

ting factors of productin, expand agricultural production, and promote
 

agricultural and economic development in a region or country.
 

The economic evaluation of PR and partially acidulated products was
 

carried Out by calculating and then comparing the economic benefits of these
 

SSP is the most commonly used source of P in
fertilizers with those of SSP. 

The economic benefits were calculated by subtracting the cost of fer-
Niger. 


tilizer from the value of the increments in crop yields associated with the
 

use for fertilizer. Cost estimates for the partially acidulated products were 

used for ,this purpose. In terms of cost per unit of P205, the PA50 and PA40 

were considered to be 20% and 25% less expensive than SSP,, respectively. 

These cost estimates are based on general production cost studies conducted
 

at IFDC. Actual cost, however, will depend on the type of rock'and the cost
 
of ground PR and sulfuric acid.
 

RESULTS AND DISCUSSION
 

Agronomic effectiveness. Fig. 1 depicts response of millet yield to sources
 

and rates of P at Sadore (research station) in 1982. There was a significant
 

response to both P sources and P rates. It was observed that the response
 

to various sourc~is of P was in the following order: TSP. PA50> SSP' PA25> PR.
 

The relative agronomic effectiveness (RAE) of the.Various P fertilizer
 

sources'at the optimum rates of 30 kg P20 5/ha was found to be 26%, 78% and
 

110% for PR, PA25, and PASO, respectively. The result depicted in Fig. 1
 

clearly suggests that PA50 was agronomically as good as SSP. Therefore,
 
PA50 was selected for further testing under farmers' conditio s at Gobery 

in 1983. "The trials, however, were managed by the researcher rather than 

the farmer. 
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The millet yield response functions for the various P sources and
 
It was observed in othoir
rates at Gobery in 1983 are shown in Fig. 2. 


experiments at Sadore (not reported) on N management that prilled urea (U)
 

performed better than urea supergranules (UG). When thrse two types of N
 

included in the P trial at Gobery, the following iesults were noted.
 were 


PA50 combined with prilled urea was as good as SSP with prilled urea,
 

andboth were significantly superior to the sources where urea supergra

nules were applied. The RAE of these treatments using SSP with urea br
 
It demonstrates concluwith'urea supergranules is presented in Table 5.' 


in.-the., presence, of prilled,urea, is a viable alternativesively'that PA5O, 
to SSP.
 

Further tests involving SSP and PA50 were conducted at Gobery in 1984.
 

Response to sulfur had been observed in a demonstration trial at Gobery in
 

1983. Therefore, TSP and PR were included in the 1984 trial to study both
 

the effect of a lack of sulfur and higher rates of P applications. Fig. 
3
 

shows the response to the different sources and rates of P applications
 

with the two types of N sources. The RAE of the various P sources at 30 kg
 

/ha was 41%, 97%, and 97% for PR, PASO, and TSP, respectively. Grain
P 

The decrease in yield was
yield of millet was lower in 1984 than in 1983. 


the result of the low rainfall obtained in 1984 (Table 2).
 

At 30 kg P205 /ha there was no significant difference between SSPand
 

TSP. This indicates that the lack of S in TSP did not result in signifi-

The
cant yield decrease in 1984 in contpcast to wbat was observed in 1983. 


nonsignificant effect of S in 1984 could be attributed to the lower rain

fall recorded.
 

Economic evaluation. Results obtained at Gobery in 1983 and 1984 are pre-


Results for 1983 show that the net economic
sented in Tables 6 and 7. 

benefits of using PA50 were not significantly lower than those obtained
 

using SSP. In 1984 a similar conclusion was obtained by comparing the net
 

economic benefits of PA40 with those of SSP; the difference between the
 

net bpnefits of these two fertilizers was not statistically significant.
 

Thesrresults indicate that PA50 and PA40 could be economically competi

tivw sources of P if supplied at a price equal to about 80% and 75% of
 

the price of SSP, respectively. The direct application of PR was signi

ficantly less profitable than the use of partially acidulated products
 

'and SSP.
 

SUMMARY AND CONCLUSIONS
 

In research conducted at both the research station and the farmers,
 

fields under the management of the researcher, P application resulted in
 

a significant increase in grain yield of millet indicating that soil at 

these sites was P deficient. Partial acidulation of phosphate rock grea

tly improved the initial agronomic effectiveness. It was also observed
 

that PA50 was, in general, as good as the superphosphates.
 

The economic evaluation of P sources and rates from results of non

farm research and on the basis of subsidized prices of fertilizer showed
 

that all sources of P were profitable. PA40 and PA50 were found to be
 

as profitable as SSP, but PR was substantially less profitable than the,
 
These results indicate that PA40
partially acidulated products and SSP. 


and PA50 could be economically competitive sources of P if supplied at
 

a price equal to about 80% and 75% of the price of SSP, respectively.
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PROSPECTS-AND PROBLEMS OF USING SOIL TESTING FOR ADOPTION OF FERTILIZER
 
USE IN EKITI-AKOKO AGRICULTURAL DEVELOPMENT PROJECT AREA
 

Akinola A. AGBOOLA and Olufemi J. AYODELE 1 
- The soil testing program for determining the available nutrients to 

estimate the fertilizer needs for crops is probably one of the most widely

used, but least understood, tools of modern agriculture. Some people
 
thinkithas..the: magical-powers,for., predicting the exact-amnount of any and
 
all nutrients necessary for plant growth. Others believe it is nothing

but a hoax designed to sell fertilizers. The true value of soil testing
 
lies somewhere between these two extremes. The recommendations based on
 
soil 	analysis will frequently be a little higher or lower than the actual
 
optimum. Occasionally, the recommendation will miss the optimum by a
 
wide 	margin. However, soil testing, even with these shortcomings, is
 
still the most practical method for determining the fertility status of a
 
field and the most practical means of estimating fertilizer needs.
 

In temperate-zone agriculture, fertilizer use has revolutionized
 
agriculture, but this has not been possible in the African sub-region,
 
partly due to lack of a soil testing program. In the humid tropics, there
 
is a common misconception that building soil analytical laboratories for
 
soil sampl analysis is synonymous with a soil testing program. The ex
tension aspect of a soil testing program should consist of four phases:
 

(1) 	 soil sampling,
 
(2) 	 analysis,
 
(3) 	 interpretation, and
 
(4) 	 fertilizer recommendation.
 

The chance of obtaining a good fertilizer recommendation from a given

soil analysis depends on a number of factors. They include:
 

(1) 	 how well the analysed sample represents the entire field,
 
(2) 	how well the extractant (soil test used) correlates with the
 

nutrient uptake by the crop,
 
(3) 	how accurately the soil analysis is done,
 
(4) 	how well the person interpreting the soil analytical values un

derstands the relationship between test values and plant respon
se to that particular type of soil,and
 

(5) 	 how well the person making the recommendations understands:
 
(a) 	the reactions of the fertilizer with the soil which deter

mine the most efficient method of application and the ra
te of application required for a specified incrcase in
 
yield under optimum conditions, and
 

L, the economic factors'involved.
 

1 Professor of Soil Fertility Evaluation and Management, and Farming
 

System, Dept. of Agronomy, University of Ibadan and PrincipalAgricul
tural Research Officer, Ekiti-Akoko Agricultural Development Project,
 
Ikole-Ekiti, Ondo State, Nigeria respectively.
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Every factor requireo information from many investigations in the 
field, greenhouse and laboratory. Therefore, it can be said that the 
soil testing program is only as good as the research on which it is based. 
The objective of this paper is to report the application of' these steps 
for making meaningful and economical fertilizor recorriendations for far
mers in the El,.iti-Akoko Agricultural Deve.opiment Project, Ondo State. 

Project. features. The Ekiti-Akoko , ..... uaI melopent Project 
(EAADP), in Ondo State, ligeria is a World bank ansitted agricultural de
velopment project. It was sot up as ,in p ....cy tfr integatd rural deve
lopment with two major objectiv-s: 

(1) 	 increasing annual food .rudu,ti-, a:nd overall farm productivity, 
and 

(2) 	 pr oviding and :;trengthening social and farm support services. 

The project which is situted b:twcn iat 7 15' - 15'N and long.
50 16 - 6r1, anud covers an ares of 4,950i Pm2 about .75 of ('ado State). 
The clilate in tropical, humid and not, with two distinct seasons: a long 
rainy seasn (larch - O, toe Ir)separated into toc' growing seasons by a 
dry July - August spe.l, alowing growth of two short-cycle crops; and a 

unreliabl The tmperature vcc!ries between 21C to 32 0 C, the 

clearly mrked dry season. ,nual rainfall vares 'romi 1,120 to 2,000 nm 
and the duration dceasr'e towards the savannah, which makes the second 

' . season crop 
low values being ,swnot," with the arid, cold har'iiattan winds. Vegeta
tion varies from typicaj r'nfore.t in most of Ek Iti-centra] and east, and 
parts of Akoko south; derived sa .h in Ekiti orth and Akako south; 
and southern Guinea savann .in ':C' north and Ekiti north. Uderlyin,. 
rocks ar'e crysta].linie b'stem,'nt comiplx fo,',' tionB consistirg of gnisses, 
magmati tes, s ots, quar P w'i y u nger rnniic formations.& They 
make up the inse'Ierg .andscapc n On ' 0--.h Ind centra-south of thetin

project area. TO crrain is undlatii ith dotted, residual hills. 

Soils are fru......u topical ;o1('ll-bre, 1964, ibe'oncirng to the soil 
series ,within the two ni] Associations (,vth -'nd 'arlory P)t1962), 
which ave Alfisols. Ther, ire Is cons3na -It' obl. of areas withrmber 
Ultisols, Entiso ls an d .[ncept'sals; l isohyperthermic, havirI 'stic and 
Udic moisture reimes. Farier wc. . on soil samples from the area show 
that the clay consists of kaolinizc:nd sesquioxides, low nutrient status 
and buffering capacity, and a low P 'i x:tior. 

Although fertilizer use is not entirely new to the project area, 
efforts by ministries of agriculture met with little success, with the 
except ton of tree cash crops. Although farmers wane to use fertilizer to 
allevia-te soil fertility problems, there is scepticism because fertilizers 
can, in fact, ruin the soil and reduce the yield when the nutrient dynamics 
and soil characteristics a.re not clearly understood. any unproved 'side
effects' of fertilization arc comnon among farmers: yams turning black on 
cooking, not pounding weli, and having poor storability; cassava giving low 
starch and gari yfield; loss of taste in fresh maize; unfilled groundnut 
pods and empty glumes in rice. These beliefs indicate a loss of faith and 
prevent farmcrs from using ferilizers. This does not even take into 
account the extra labour required For application. These fears were jus
tified however, because of the blanket fertilizer recorrmendation (Table 1) 
given to the area as part of what used to be Western State and is now sub
divided into five different states. 
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Table 1. 	 Fertilizer recommendation for some arable crops as applicable 
to Ekiti-Akoko Agricultural Development Project. 

Nuitrient/ha Materia]./ha 	 Eecommendation
 

Cassava
 

60 kg N 	 Urea. 135 kg (P 1/2 bags) Son tb-Weut n,Iigvri:rI 
or 	CANI, 230 1,4 li/: b--gs 

30 kg P2 05 	 or' SA, 300 kg (h hags) (a) 60 kg/ha N + 30 kg/ha 
SSP, 179 kg (3 + bags) P205 + 30 kg/ha KQ0 

(b 200 kg/ha of 
15-15-15 + 	20 kg/ha N
 

30 kg K.20 	 KLC, 50 kg (1 bag) 
or 	KolO, 60 !< (- hag)
 

Coripound fertili'er, 200
 
200 kg (1 Mog)
 

Maize
 

50 kg N Urea, 110 kg (2 bags) For newly opened land 

or '2N, 195 k'g (4 bags) 50 kg/ha N + 25 kg/ha 
or SA, 250 kg (5 bags) P?05 + 25 k,/ha K 0 

25 kg Poo; 	 SSP, 170 Q (3 1/2 bagr.) Under cortinuous cropping 

or 	TSP, 55 k" (I bv 100 kg/ha N + 50 kg/ha P205 

25 kg K20 KC1, 40 ,g H bg) + 50 kg/ha Ko0 
or K2S0,, 0 g (1 bag) or 300 kg/ha of'-15--15-15 

15-15-15 CompId '0' , (; s) 

Rice
 

15-15-15 	 Cownd 10J ( bagsL For 5 Western States 
Urea 45 ( 1"r kg/ha of 15-t5-15ag) 1%0 

or SA 100 I,r ' bags) + 20 kg/ha N 

There were three problems thot needed urgent soItIti.o!s to facilitate 
the use of soil testing prorpom in Rkiti-Akoko: 

(1) 	 There was no s oi fCortii ty ch:r:icter isa on of the project 
area, there fore a soil f'it illty siwvey ofW the area was initia
ted to identify the nu triorts im ting yiell A seedwt. to be 
determinea in the soil analycrcal phase. 

(2) 	 Soil sampling is tie weakest part of the soil testing program
 
and the largest source of error, because of the magnitude of 

extrapolation of result. A 5 g ,-ariple from a composite of a 
25 ha field (0-15 cm) represents one-billionth of the total 

soil volume for which the analysis is made. Representaitiveness 
is 	a function of:
 
(a) soil microvariability,
 
(bi number of samples; taken, and
 
(cl the way the sample is ta ken.
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In Nigeria, research on methods of soil sampling on farms for a 
soil. 	testing program is limited. Moreover, the extension wor
kers 	 in the project area have tio experience '4ith soil sampling 
for soil analysis. Furthermore, the fertility stntu:; varies 
both 	vertically and horizontally over short, di s*Lanc.s due to un
dulating topography. Variabilities also arise from differences
 
in parent materials, cropping history, vegettiin co.ver, drai
nagq 	and manage ment prnctices such as size ind shap_ or ridges
 
and mounds). Hidges and mounds for plantinrig ya:se cazsava or co
coyams in height, and diameter from 30 to 15 . The biggest 
mounds for yamo are found in the hydroviorphic soills. 

Farms 	 animals also deficate unchecked, especially when the Fulanis 
graze 	their herd . This causes variation in soil Fertility pat
terns. Since the mrsajori ty of Carmers had not previously been 
using 	 fertilizer For tood crops however, thee is no variability 
in fertility patterns due to dif'frepent methods W fertilizer ap

plication. 

(3) 	 Due to the poor Fianrrinal positioc of the larmer; in the project. 
area, thy crmno financ= an expensive soil testirng program. 
Thereforec, tho us, n1 e'tractanl.s which can extract a single nu
trient at u.e A:ki±. is very expensive. A multipurpose extrac

nd 	 defitant for .g, A r, which had been found to be 
cient in ow, 35' v' s.;a deloped.
 

The research into thy a ytK A d esigned to ass Lit the inter
pretation and fertilizer rcon' MOM .- impiemented in five steps: 

choice of extricta , *iihn mind tI-at: 
ext, ig a!id tized 

tract U!" : ( ,r a Poportonie part) of the 
(a) 	 the i ',W on the proc.od.n should ex

:i , 

avaijbin' form or 'Frs W a mutrl'let Frn soil with varia
ble proparL i, 

(b) 	the arfiount ot1 An nutr'JcK in the .xtract Would ne imeasu

red with iry speed,0asoriab.e Ad 
(c) 	the amouui ::r I 3 .n, 1 be eorie* t i with the growth 

and the r': pon'e of eoch crop to that nutrient under va

rious conditiono 
(2) 	correlation of th extractant with uptake in the greenhouse;
 
(3) 	field correlati n using :tip cropprig and setting nutrient cri

tical levels usi.ng-; the Cate and Nel.son model; 
(4) 	using nutrient fixation and recovery curves to determine the 

amount of nutrient required to raise soil nutrient level by I 
ppm;
 

(5) 	field calibration, using 4 above to calculate the amount of fer
tilizer rquJire.!, and .wiOg rep]iateI t ials. 

MATE.__-RIALS AND IETIPODS 

A total of 410 composite surface soil (0-i5 cm) samples from demons
tration plots located in the 25 zones of the EAUDP representing all the 
soil classes commonly cultivoted in the project area were collected. Each 
site differed widely in cropping history. The soils were Ailfisols and as

sociated Entisols derived from undifferentiated basement complex rocks. 
The soil samples were air--dried and siev d. 



..
 . .. i 

-


. .
 

ii . . 
.. ': 

AGBOOLA AND AYODELE 127
 

Soil analysis. The pH was determined by a 1:2.5 soil distilled water
 
mixture, the organic matter by dichromate oxidation, and,the particle size
 
analysis by.the hydrometer method. Exchangeable cations were extracted
 
with 1O
 N NH OAc pH (7.0), K, Ca', Na and extracts were'read with flame pho
tometry, whiie total acidity was determined by titrating 1.0N KC1 extracts
 
with O.OIN NaOH. Effective CEC was taken as the sum of total exchangeable
cations and total acidity. Other nutrients were extracted 
 0
 

~:using5 weue~frh~~n~~:O~i~it. D
rati 


Evaluation of extractants. Thirty samples were taken from the project area. 
The soil samples were analysed for P, K, Mg, Mn, ct;'F&-andZn with Bray's 

01  5N AHDF + O.O5MD1/2TA;P!4 O.05N AHDF; Bray's P + .0 EDTA O.O
O.5MNaHCO 3 + 0.01MEDTA; and 0 .05M NaHCO3 + 0.005M DPTA, using 15 min stir

'i 	 ring time in a 1:10 soil solution ratio. The minus-one technique was used 
for each nutrient using maize (TZPB) grown for 28 days. Four hundred ml,.
of air-dried samples were meajured into half-litre plastic cups. The fo]
lowing nutrients per litre were added in solution form: 100 mg N aS NH4NO,
80 mgPs KCI, 100 mg Mg as MgSO4 .7H2 0, 100 rg Zn as ZnC12 , 7.5 mg Fe as 
Fe SO4' 5H20 and 2.0 mg Cu as CuSO4.5H20 and 20 mgP as orthophosphoric

acid. The nutrient being considered is omitted. Maize was established at
 
5 plants per cup and i.itered daily with NH NO3 Oug/10 1. At 28 days,

plant tops were harvested, oven dried at 86iC for' 24 hours and weighed.

Plant tops were milled and a 0.5 g sample was digested with 35 ml of mix
ture of concentrated HNO H SO 
and HC10 acids ("5 : 5:5 V/V). The di
gest was analysed for th reievant nutrient. Uptake was determined as the 
product of % nutrient in sample and dry matter yield.
 

Laboratory studies. A fixation experiment involving 30 soils selected for
 
variability in colour and chemical properties was conducted to determine.
 
changes in the extractant Bray's P1 + 0.005M DPTA (selected after the eva
luation of extractants)tF'nt values resulting from nutrient addition with
 
increasing time of incubation.
 

A 2.5 m] portion of soil was incubated with 2.5 ml of solution t.-on
taining various concentrations of P,K, Mg, Zt), Cu, Fe and Mn for 42 days.
Samples were extracted with 25 ml of Brays P1 M DPTA solution and+ 0.0 05

nutrients were determined at day 1,,,7 and 42. From the recovery curves, 
amounts of each of the nutrients added to raise the soil nutrient level by
1 mg/ml soil were callculated as a rate at day 42, divided by the difference 
between the nutrient extracted at that rate and control. For example, at 
each rate of P addition, extractable P decreased with time, and at 42 days,
rate of increase-(was somewhat slow, suggesting equilibrium conditions, the 
mean fertilizer factor was then calculated. Similar calculations were made
 
for other nutrients, which showed that the soils have varying capacities
 
for immobilising added nutrients.
 clearedThe land was

the area.Field correlation. There were 30 locations.in These locations covered allbeing cropped
soil groups

the different 	 tillage operations.used inhoes were 	 a simpleand traditional 	 This was 
"strip cropping".wasdesign used 

The experimenta 	 of a rowperformancethe yield and 
to 	compareplot designed 	 out.were leftun-replicated 	 elements o.re fertilizer 	 four rowsone or 	 Twentyn which 	 of maize.row 	 30 rowsadjacent 21 x 36 meters with 	 on both ends of 

size was 	 (threeplot 	 six rowsEach 	 while the remaining was planted on the 
were treated 	 (TZPB)of 	maize Maize variety 

as 	guard rows. 
each plot! served 
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:flat land with jab planters, designed at Agronomy Department of the Univer
sity of Ibadan at a spacing of 30 cm within and 90 cm between r,?ws. Three 
kernels were, planted per stand and . later thinned down to one plat. t,4 
weeks later. .. 

Each row treated as "compiete" received the following fertilizers; 
100 kg N/ha'at planting as Urea and 50 kg N/ha top dressed in two splits. 
One was added at four weeks after planting and the other at about tasse

60 kg P/ha as single superphosphate 80 kgK/ha as KC1; 20 kg Mg/ha as 

,MgS0O 4 5 kg.Zn/ha as Zn13g e/a assFS 2 5 gco4 
and 5 kg Mn/ha asMnC12 .2
 

The analytical grades of these chemicals were used. The minus-1 rows 

veceived all the basal fertilizer elements except tie element being inves
tigated. These nutrients were mixed up in a plastic bucket and banded in 

an 8-10 cm deep groove about-7,5cm away from the seeds and covered up with 
soil. Thirty core soil samples, taken (0-15 cm depth) from each row before 
planting and fertilization, were properly mixed up as a composite and pro
ceosed for soil analysis. - The plants in each row were harvested dry, dehus

ked and weighed. The shelling percentage of the grains were computed at 
12% moisture content.
 

The percentage of relative yield of the ury grains was calculated as:
 

Relative yield (RY) % = Yield of "minus row" x 100
 
Yield of "complete row"
 

Correlation was run between the soil nutrient values extracted with Brays
 

P1 + 0005 DPTA and relative yield. The Cate and Nelson model was used
 

for determining the critical level of each nutrient.
 

On each of the 30 locations, a randomised complete block experimental
 

design with four replications was used to evaluate six treatments consis

ting of five levels each of P, K, Mg, Cu, Zn and a control having all ba
sal fertilizer minus the one being determined. Three seeds of TZPB maize
 

variety were planted on flat at 90 by 25 cmispacing in 4.5 m
2 plots and
 

thinned to a density of 44, 444 plants per hectare two weeks later.
 

RESULTS AND DISCUSSION
 

Fertility characteristics of the soils. The means and ranges for the soil
 

properties are shown in Table 2.
 

Mean pH was 6.5, with a range of 5 to 8.2, 18% of the soils have me-.
 

dium acidity while 73% are in low acidity range thereby indicating the''
 
soils as slightly acid to neutral. Soil organic matter varied from 0.1 to
 
7.9 with a !ean of 1.9%. Total N with a mean value of 0.15% varied between
 
0.02 to 0.70%. About 65% of samples had less than 0.151 total N considered
 
as optimum for maize (Sobulo and Osiname, 1981). Available P ranged from 0
 

to 130 me/100 g with a mean of 11.4 me/t00 g. Exchangeable K varied bet-"
 

ween 0.06 to 1.00 me/100 g with a mean of 0.34 me/100. -Only 17% of the
 
soils are lower than 0.20,me/100 g. Exchangeable Ca varied between 0.3 to
 

70.0 me/100 g with a mean value of 5.2 me/t00 g. Mean exchangeable Mg is
 

1.3 me/lO0 g. About 90% of the soils seem to be sufficient in exchangeable
 
Mg. Extractable Mn ranged from 13.0 to 196.1 mg/kg with a mean of 64.1 mg/
 

kg while Fe has a mean of 41.7 mg/kg. These values indicate than Mn and Fe
 

deficiencies may not occur, however to:cicities are probably likely under
 

poor soil managemet. Available Zn varied between 0.0 to 6.5 mg/kg, while
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Table 2. 	Mean and ranges of physical and chemical ohaacteristics of
 
soils from Ekiti-Akoko Agricultural Developmeni. Project.1
 

S.oil properties 	 Range Mean 

Sand % 46zto 91 77 
" Silt% to 364 	 14 

Clay% 5 to 15 9
 
Soil pH inP 5.0 to 8.2 6.5
 
Soil orgaiaIc 2m er % 0.1 to 7.9 1.9
 
Total N% 	 0.02 to 0,7 0.16
 
Brays P1 (available p) mg/kg 0 to i30 11.4
 
Exchangeable K me/100 g 0.06 to 1.00 0134
 
Exchangeable Ca me/100 kg 0.3 to 70 5.2
 
Exchangeable Mg me/100 g 0.0 to 3.2 1.3
 
CEC me/100 g 1.0 to 20.0 5.0
 
Exchangeable Mn mg/kg 13.0 to 196 64.1
 
Exchangeable Zn mg/kg 0.0 to 6.5 
 1.6
 
Exchangeable Cu mg/kg 0.0 to 3.1 
 1.4
 
Exchangeable Fe mg/kg 5.6 to 178.1 
 41.7
 

Range and 	means of 410 soil samples.
 

available 	Cu which is equally low has a mean of 1.4 mg/kg. These two nu
trients are likely to be deficient in these soils.
 

Soil fertility evaluation. Using the established critical levels for Eki
ti-Akoko soils (Table 3), no soil was highly acidic,'Vwhile the bulk of
 
soils were slightly acid to neutral. Over 83%of t~ie soils contained less
 
than 3% organic matter, with a low mean (1.9%) resulting from decreasing
 
fallow lengths, burning and continuous cropping. About 65% of soils con
tained less than the 0.15% total N, considered optimum for maize. Al
though mean available P was 11.4 me/lO0 g, most soils iwere deficient in P,
 
while available K was 0.34 me/i10 g soil, which shows 'chat only about 17%
 
of soil would respond to K application assuming 0.16-0.20 me/100 g soil
 
critical level. Mean exchangeable Ca, 5.2 me/100 g soil was higher than
 
2.0 me/100 g soil critical level and, in relation to the low acidity, Ca
 
availability should not limit crop production. About 90% of the soils
 
were adequately supplied with exchangeable Mg while mean Mg (1.3 me/100 g)
 
exceeded 0.40 me/100 g as soil critical level. Values of extractable Mn
 
and Fe (mean of 64.1 and 41.7 mg/l respectively) indicate that their defi
ciencies may not occur, although toxicities are likely under poor soil
 
management. Using 3.0 critical level, about 60% of the soils were defi
cient in available Zn while 62% were deficient in available Cu. Under
 
intensive 	cultivation, micronutrient nutrition may become problematic be
cause commonly used fertilizers do not contain these nutrients. Therefore,
 
for uptimum crop production, soil testing for evaluating the nutrient sta
tus is a must. Fertilizer recommendations should, therefore, include both
 
macro and micronutrients and should take into ,;onsderation cropping histo
ry, while efforts should be directed towards maintaining soil organic mat
ter at sufficiently high levels. 

http:0.16-0.20
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Table 3. Soil test interpretation for Ekiti-Akoko soils.
 

Soil, property 	 Lew Medium Ii gh 

<i'27 Acidityq9)1 6.0-6.9 5.0-5.9 5.0 

Available P (Brays P1) ppm 0-8.5 8.5-12,5 12.5 

Exch. K (NHOAC)me/100 gm 0-0.15 0.16-0.31 0.31 

Ca " 0-1.5 1.6-4.0 4.0 
" Mg ""0-0.5 0.6-1.0 1.0 

Selection of e_:tractant. Means and ranges of nutrients determined with the
 

different extractants (Table 41 show that Bray's P1 + 	EDTA extracted the
 
However, all the evahighest P, while NaHCO3 + DPTA gave the least value. 

luation indices gave a somewhat clear picture of P availability. Exchan

geable K was least from Bray's P1 + DPTA (0.41 me) while NaHCO3 + DPTA gave 

the highest K,(0.61 me/4i0 ml), which indicates that all extractants are
 

efficient for assessing K status. NaHCO3 + EDTA or DPTA extracted highest 

Mg while Bray + DPTA extracted the least; all other extractants were compa
rable with NH4OAC, the recommended Mg extractant. Available Zn was highest 

in AHDF. 'Its value decreased with chelation, while for NaHCO, the chelates 

were equally efficient. Bray's P1 + EDTA extracted the highest available Mn 

while NaHCO + EDTA had the highest available Cu. The choice of an extrac

tion method does not lie on the relative quantity extracted, but correlation 

with growth response or nutrient uptake. The correlation.value with uptake 
(Table 5) shows that Bray's P1 AHDF single or chelated and NaHCO extractants 

were good indices of P and K availability. NaHCO + EDTA correl3ted well 

with the micronutrients, while Bray's P1 + DPTA c~r,elated well with the 

uptake of all the nutrients. Therefore Bray's P1 + DPTA can be used as a 

multi-nutrient extractant, Bray's P1 4 EDTA showed some promise for the Cu 
and Zn assessment. A similar study with rice, showed that Bray's P1 + DPTA 
was the best multi-nutrient extractant.
 

Bray's P1 + DPTA has been selected as the multipurpose extractant for
 
the zone. This extractant was later used for sorption, the studies used for
 

determining the amount of nutrient required to increase soil nutrient by 1
 
ppm.
 

The average amounts of nutrient extracted by Bray's P1 DPTA at diffe

rent rates of nutrient addition and incubation times vary. Table 6 indicates
 
the amount of zinc extracted (g/ml) by Bray's P1 DPTA procedure at diffe
rent rates of Zn addition and at different times for 5 of the 30 soil samples
 
used.
 

The same procedure was repeated for P, K,M g, Cu, Fe and Mn.
 

There were two phases and an initial rapid decline in available nu

trients which continued until the 28th day. Subsequent decreases were less
 

rapid and Brays P1 + DPTA extract values differed only slightly with increa
sed incubation time. At this steady fixation phase, the amount of nutrient
 
needed to increase the soil nutrient value of soils by 1 ug/ml was calcu
lated from the relationship the nutrients required:
 

Nutrient added at rate R 
Nutrient recovered at rate R - Nutrient in untreated sample 

.1... 

http:0.16-0.31


Table 4: Extractable nutrients determined from the various extractants.
 

Extractant Vg P Cu 
 .n Zn
 

_____ me! lOOC _______ 

Bray's P1 0.55 
 152 10.4
 
(0.21-0.91) (0.26-3.20 2 .5- 4 3 .7) 

0.54 1.6i i0.9 0.9 75.3 8.5 
AHDF (O.21-0081) (0.14-4.34) (0.5-51.4) (0.2-1.6) (2.0-306.0) (3.0,15.0) 

0.51 1.74 13.4 0.9 385.1 7.4
Bray's P1 + EDTA (0.26-0.83) (0.64-3.52) (.1-50.4) (0.1-2.3) f50C-726. 0)5.,-9.3): 

0.52 1.35 10.3 1.7 22.8 
AHDF + DPTA I0.1--0.91) (0.62-2.94) (0.2-38.6) (0.4-3.2) (39.O-379.0" {0.6-7.!1 

0.68 2.45 6.2 1.6 ?9.4 4.3 
NaHCO + DPTA (0.26-1.04) (0.84-4.32) (2.1-21.6) (0.7-3.0) {6.S-67.2) (2.8-7.

0.58 3.15 8.2 
 2.i 8.2 4.
NWaHCO 3 

3 
+ EDTA (0.21.01) (I.02-5.34) (0.5-40.6) (0.3-4.3) (2.0-.42.0) (2.9-6.7) 

0.41 1.14 9.0 -
Brayis P1 + DPTA (.0-0.78) (,066-2.10) f3.9-20.6) 



0.55 1.77 - _ 
NHIOAC F). 20-1. 06') (0,83-3.50) 

1 ( Ranges of soil nutrients dete~rmined by extractants. 

http:0,83-3.50
http:066-2.10
http:I.02-5.34
http:0.84-4.32
http:0.26-1.04
http:0.62-2.94
http:I0.1--0.91
http:0.64-3.52
http:0.26-0.83
http:0.14-4.34
http:0.26-3.20
http:0.21-0.91


Table 5. Correlacion coefficients of nu.trients with uptake by rice in the soils, 

Extractants p K Mg n Cu Zn 

Brav's P1 

4. 

Bray's PI DPTA 

/H)F + DPTA 

F,I + EDTA 

IaHC J + EDTA 

NaHCO, + DPTA 

N 

. 88 ".27 

.0 

0.87 

0.87 

O,87** 

0.84** 

0.88* -

0.37 

O 

0.786 

0.72 

C).CPj.31 

0... . 

0.5 1 

0.88 

.20 

0 .1 

0.1 

0.2 

0.37 

0 3-

0 

0.60 

0.II 

0. z 

0.5" 

: 

.. 

-

-.. 2C

.05-

020I 

3 c 

44** 

-0.26 

-

-

C .5Yi 

0 5 

0.83

0.10 

-' 

> 

-Denote si.aiificance at 5 and 1, respectively. 
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THe..n and ofYr'>ii. Or each "ongn is ontaj.ned innut:-i.ent. 
Table 7. Correl.ati on co it icentn of :oi. ,otri ts with the values fr 
Prhow that..'.: pi A!, F, .. contrul how much nutri.nt toQ, is needed 
increase the i] .:v:i iabi' ut_ iW t to a derived level (Tatle ). 

Table .	 on f',: Whro .LA". z 	rocc < .o:.i. F o ,trint i' .xationirelease 

,utriat .n 	 Rang
 

P 1r!l .'. 1.0-6.9 
Fe 0.8-4.0 
Cu '; 	 2. 0 - .
 

WJ 0.0-..
,",ln O.o0. 2-2.5 
Zr: ' " , , 4.7-5 
K Me/1001 4.5 APO1-' 

M ' I 	 .2 ,10-6.0 

Table 8. 	 Correlation co.crici.nts bet,,een P, tAertizr factor and soil 
propert ie. 

CLoy SUt oil FeaO POL A .0, 

Fcrtil wror
 
fa tor -0. 13 ' . i- .0? -0. I 0._91 ;.' - 53 !
 

: V 	!ignir'i,'a t at It .2evcl
 
SignIficnnt at 0.17 le, .
 

The ur o tne ferili,.r factuor in jaking fertilizer rconnendations. Af 
vthe, hap been ,ractcd wi Lh Bray Is P1 DPFA, (0.03.NH. F 

0.2 T.C + 0.0 05- MY the pp.opra te fertilize.r fa,tor was used as a 
multiplir, 7rnE in mind the cr''itical level of the nutrient in question 
and te ,c~oic factor of the farmer. 

For eam:le, K" he sol 'n-lys indicates that tMe soi.l hWso 3 mg/1 
of F, tio' ,.i-'.r factor for F 	is 3.1 mr,'l and the critical level Or 
F in Lhe .,"a is 6 mg/l. in the trst instance, one must calculate the 

amount o," P requir.J to ,-uis- soil P from 3 mg/. to 5 :rg/ . , ,incethe 
farmers are poop, it ir oettcr to raise the yield to %bout. 90 to 95% of 
maximum yield. Thi has bu.en four-i to be 10 VA/*. When soil level is 

r
10 mg/!; tHiera is no aj;u ed respcnse. Therefore the P nee'.ded: 

(1) 	 to reach critical roA P is C mg/I - 3 tg/ x 3.0 9 mg/l 
or 18 kg/na, 

(2) 	 'co achieve 90 to 95% of inaximum yield is 10-3 x 3.0 = 21 mg/l 
or 2 kg/ha. 

http:nutri.nt
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Table! 6. !m.u.,o 'i ;extractedi (ug/m~l) bYBayF -i. red , f ' 

d~iri:"~snt, .tez of Zn additions -a diffe-e, .t te r.u,. 

Location at:J ied 'n.. day '?:i-!: 2 cL,.s 

4 5.5 6.8 6,6 
8 7.7 6.5 

16 .1 7 4 

32 
64 

9.8 
15 

12. 
18.0 

i0.1 
i6.0 

0 5.0 70 6.2 
4 5.7 6.9 6.5 
8 6.4 7., 6. 

16 7.3 9.0 J>5 
32 9.8 1.5 i0.5 
64 14.1 18.7 16.0 

3 0 5.2 5.7 6.2 
4 6.1 6.3 6.6 
8 6.1 6.8 7. 3 

16 7.9 9.2 8.0 
32 E.8a 12.2 6. 8 
64 18.5 1.9 16.3 

0 4.6 5.9 5.9 
4 6.1 7,1 6.5 
8 6.2 7.6 12.3 

16 7.8 P.5 8.5 
32 10.3 10.3 12.2 
64 15.3 ;4.7 i6.1 

5 0 9.8 4.9 6.6 
4 6.0 5.9 7.5 
8 6.5 6.2 7.6 

16 7.08 6.6 8.3 
32 10.? 7.7 11 .4 
64 15.7 0.5 18.3 

F:X Who:, ff = fertilizer factor, 
ff ZntZ.'i Zn 

Zn0 
= Extractable 

Extractable 
Zn 
Zn 

at time 
when no 

t and 
Zn is 

rate X 
added, 

(RX) 
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....
 Based on the soil properties and the critical levels for optimum crop
 

.
 yield in the zone, fertilizer recommendations which recognise the fertili
zer factors have been formulated and tried'alongside the familiar blanket
 
recommendation. 
Yield data shown in Table 9 for some food crops indicate
 
a superiority of using the proposed method for fertilizer use. 
Neverthe
less, variations in crop requirement and soil characteristics need to be
 
considered for profitable fertilization.
 

Table 9. 
Comparative yield of food crops with fertilizRtion base! on
 
fertilizer factor and blanket rates.
 

Blanket 
 Fertilizer factor
 
30,l kg/ha PK: 15-15-15 120 N+ 30 P + 60 K + 20 Mg, + 

Crop 4 200 kg/ha S.A. Micronutrients 

Maize 3.72 
 6.03
 
Rice 1.76 3.45 
Caseava 28.81 
 36.70
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SUMMARY
 

Soil testing programs are in their infancy in Nigeria. Farmers have
long been disappointed with the yield and produce resulting from applying
 
iecommended 
amount of fertilizer based on blanket fertilizer recommenda
tions. An attempt was therefore made to introduce soil analysis as the
 
basis for fertilizer, recommendations to farmers in the Ekiti-Akoko Agricul
tural Development Project Area under multiple cropping.
 

The research phase covered a selection of suitable extractants,

greenhouse correlation, field correlation and calibration, and the use of
 
sorption studies for determining the amount of nutrient needed to increa
se so4l nutrient by 1 ppm.
 

Resulting from this exercise, 0.03NNHhF + 0.025NHC1 + 0.005M. DPTA
(Brays Pi DPTA) was selected as a multipurpose extractant, extracting

avdilable P, K, Mg, Zn, Fe, Cu and Mn in 
one shaking. After sorption

studies with the extractant, the amount of nutrient required to increase
 
soil nutrient by 1 ppm was calculated from the relationship:
 

Nutrient required: Nutrient added at rate R
 
Nutrient recovered at rate R - Nutrient in untrea

ted samples.
 
The fertilizer factors computed from this relationship inmg/1l are
 

P 3.1; Fe,= 1.9; Cu = 2.1; Mn = 0.8; Zn = 6.4; with 4.5 and 3.0 me/

100 ml for K and Mg respectively.
 

The fertilizer factor was involved in the interpretation of soil
 
analysis for making a fertilizer recommendation. The crop yield resulting,

from the application'of the recommended f"rtilizer based on soils analysis
 

,-r ,, . - , • ' , _ - , - -" r . .. 
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was significtLiy different than that of the yeld obtained from the 
I)lankt e'tii , r recon,,ndation. Maize yield increasd from 2.72 to 6.03 
t/ha, while rice and cassava inc:eyaed fru i 1.[6 to 2.5 n/haand 28.81 to 
36.70 t/ha rcesr criv:ly. 'Ile result of such fa.m expozments increased 
:ales of :er area ty ',ui the t groir' season ,fer t.i in the 1:iu:f 
restored f'aiith 'and om-,ience in t'ei-iIe:- use 'sa ens -u zaptd the-?.ri au
thoiti_ os to set up a 2-'ii an-Uysis libratcr'v ch iic uuw nearing com
pletion. 

D'Hoore, J.L. 190. Soil mar c-f - f'' -a, l : 02002C,. Joint Pro
ject No. 11. Come. Tech. (.up V n cs, Lagos. 

.-myth, A.J. and P.. Mnt.;;o,ry. i"On... . and.t)Land 5-c in Central Wes
tern N)crii.r, T: Govt. 'iInt'r . .r1add. Western Nlig ria. 

(.in;'e. o .f usr:e 

Nigeria. Resear h Bulletin 11 . Jin 'T. ibdcn.
 

Sobulo, R.A. and O.i. 1 uro- [191'.tea" in Western 
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DEVELOPMENT OF SORCHUM VARIETIES IN WEST AFRICA 

J .CHANTEREAU .
 

DEFINITION OF VARIETAL IMPROVEMENT
 

According to A. Gallais, varietal improvement in genetic terms may be 
defined'as~ "the~transformional- oii-h tion 'Wich~turna grouip -of izdivi~
duals not having all the qualities at the required levels into a new group 
of reproducible individuals, that is, the variety which shows some pro
gress with regard to some features" (Fall, 1984). There are two stages. 

(1) a phase of variability build up in the species under study, and
 
(2) a phase during which this variability is used for a purpose 

previously defined with appropriate methods. 
In the case of sorglhm, different situations may arise in relation 
to the floral biology of this cereal, to the development of va
riability and to the heritability of the characters,to be improved.
 

METHODS OF SORGHUM BREEDING
 

Under normal conditions, sorghum is an autogamous plant; however,
 
a low allogamy of 5% to 10% is generally encountered. This rate may vary
 
according to climatic conditions and varieties. Under normal,.couditions,
 
it requires self-pollination for the fixation of the features searched
 
for.
 

Furthermore, systems of cytoplasmic male sterility were discovered
 

and used in the USA, which makes it possible to create hybrids in sorghum
 
and thus to use heterosis (Stephen and Holand, 1954)..
 

Finally, systems of genetic sterility may also be used to develop
 
populations (House,,1980).
 

Two cases may be retained depending on whether it is existing varia
bility or a directed variability that is being considered.
 

Existing variability. The evaluation of plant variability, in the country
 
where the breeding work is taking place, is the basis for a varietal impro
vement programme. Through investigations, one starts by sampling the va
riability of the species under study. In the case of sorghum, different
 
collections'of .3cal ecotypes were or'a'e being made in each sahelian
 
country. The best traditional cultivars are identified with the help of
 
mass selection. This work has resulted in the development of Ngor Gatna,
 
RT50, SH 60 in Senegal, of Tiemarifing in Mali, of S 29, Noingomsoba,
 
Frikan, Gnofing in Burkina and Babadia Fara in Niger.
 

One may also go beyond the variability of a species, in a given coun
try by testing introductions from other areas of the world. Thus ICRISAT,
 
in Burkina, has identified the value of an Ethiopian variety as E 35-1 or
 
of a variety of South Africa as Framida. In Senegal, IRAT has envisaged

the extension of a Chadian ecotype'51-69.
 

1 Breeder, IRAT (CIRAD), Ouagadougou, Burkina Faso.
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Directed variability. The method most currently used in West Africa con
sists in developin strains" by rombin].n parents with comr:pl.ementary 
qualities and by iarwin, fb Fwo ibe segregates in the progeny through 
self-pollinaion (Rives, 1984'. 'h* i; pdr'e' ai-eeding applied to t e 
progeny r'suiting f'rom the crossing of n,'c,d i ',.tal ]ies. in this 
way, HAT hs devloped CE 90, SP A-"AT i04in Seg o Z 10 A Niger. 
Recently, ICR.AT h developd VC'V 100P f'rom t ,i.sing betwen .]35-1 
and Framida. 

When existin ada'pted var' ty has a siipl he'editary defect that 
needs to be corrected, thn b:c&3',, 1 edin: ,ie:thod can be used. For 
the bako'os eeHd ,P:w.,' a pI , i.s c .ozsed oncc with the variety 
Lo te npr'o'd' hen a z s-of Areturncrossing i peoormed with the 
variety to be provided (th rurr'et p'eit). This eliminates all the 
genes of the ,cor"ective p o nxpt j, which or- -t LM (s) are interest. 
At the enrd V bs, pr1 i, 'a t'i, wi haut its initil defectth,0 
is produced from the orrmf ,;L. . 

This type of" ,'rcndi:.: ,',-d out t,L.' in oder to produce 
local aeti.. .of -h orghum wi' or'ene staw such -'s S 7 which 
is one 3/4 Muni or 0 P'h i.; /tyi, 17(). This 
breeding .is cu"r'ent1y1.,id ,ou to ,hr-e the iSAT-IRAT with a 
brown layer into % '. i,, :' in with'out teosta. 

In the c i o)f cyt"op '1 '.; :tmI the of theerility, variability 
two par ents, oro sterile, t.i uhr ' n r'.storer of' 'or tiity, is used in 
such a way as to come out ' it - ' e t :ombimine ab. lI.y ( 'chest z and 
Holand, 1982 ) . Hel~ts have Q:,?rn .,btai rncd on ;;orehui; '" Africa 
which, For the te ber have not. had my ir.; 'nct on develo'm,_mt., 

FL. a iJi . i strisLty ]., i'or the formation populations' illow:s of in 
twnicn a riability is dev,!op, ir'm constitue'nt str'llns .f this ype 

of mLeratd, . byheM! The elementsjudic.ou: ly -2-td reedcr.. interesting 
appearing , these or'] at.'.n'' 're ext r"cted and fixed y the same method 

1as in pedigree r:e' id&C. u,rr iO lO['al:ition of . orfhu, i pi esently well 
undemmay at. MUMA:;!, A-M[ . . 

CRITIC:AL .ALYS.SOF V.',hi{.U'1 01)TO!) O i' ,OiiGiUMBREEDI.NG 

Some methods are r"id bt are efriciant only on ea.ily heritable 
features. This s the case for mass se.e-tion practiced on int.r'ouctions. 
These meth.ods have , lirmited e 'fct on the ir;provement of tetures such 
as yield. Only prt of Lhe ;otential variability is selected for by these 
methods. 

The :iitl:ods of" cr'ossin b.twnel, 'omp]'wnt'y a'e 0 'oowod bya 
a pedi ree hrneding among the pr'oge'y r''u'i .s Io. si.ye=.,' efore 

' ccring to the stage of tle horogeneours -iiri (1'.:,CA!13-..J) s 5F6). 
After' tih.at, it is appru'i''At'e to test the jelected lines Mar"112, for' 
a minimur of three seasonn K ti]s pos'.ihly at sew:-tl locations and 
at farm level. Then the potenti.l F'o the stabilization of production 
are assessed. The method uses only , limited number' of remcaMti,:toins 
because as early as stage F2, 50% of the h' teruzynow.: lM& i: F1 arm 
already fixea. in addition, the effects of' linkage inte.'vAne to ',0 
the recombination which tends to favor parental geotypen. in total, 

http:BREEDI.NG
http:judic.ou
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some 1O years of work are required before one can produce a line that
 
brings about improvement with respect to the already existing one.
 

The backcross method is efficient only for specific objectives con
sisting of improving a variety for a single feature or which involves a 

If small number of simply-inherited characters. However, it requires cycles 

of crossing and self-pollination phases, especially if the feature to be 
isecesive or polygenic.
rmodified Therefore, several years are re

quired inorertocrect a variety with rsetto a given defect and, 
at the same time there is a risk that a superior product might, be produced 
with other breeding methods, (Van Der Have, 1979).
 

The production of hybrids profits from the heterQsis which may be
 
expressed in terms of yield by a superiority over the best parent. Unfor
tunately, this situation is mostly due to the effects of dominance and
 
overdominance which cannot be fixed. Therefore, it is necessary to plant
 
hybrid seed each year, Af one wishes to grow hybrids.
 

The method of population improvement, with the help of sterile genes,
 
produces a material with perpetual recombination which favours the sepa
ration of linkages and the appearance of new genotypes. By alternating
 
the selection cycle of strains extracted from populations and their recom
bination (recurren t leition), the genetic variability is preserved and
 
the frequency of favourable alleles is increased (Bhola, 1982). An impor
tant aspect of this work is the choice of strains to initiate populations.
 
The methcJ is not eey to apply and it requires a number of cycles of
 
recurrent selection before producing, at ac-eptable frequency, good strains
 
to be fixed by pedigree breeding. Its interest is not immediate, it can
 
only be appreciated in the medium or long term.
 

SORGHUM BREEDING IN DIFFERENT ENVIRONMENTS
 

With respect to varietal evaluation of the experimental material,
 
the following major situations may be identified:
 

(1) breeding in a controlled environment without a limiting factor,
 
(2) breeding in a controlled environment with the study of the
 

response to a stress, or screening for a varietal feature,
 
(3) breeding in alightly controlled environment.
 

Breeding in a controlled environment without a limiting factor. One eva
luates the potential of on-station varieties in very good conditions of
 
management, nutrient and water supply assuming that the superior material
 
in those conditions will remain superior in difficult conditions. This
 
hypothesis would be fairly well confirmed for hybrid material but not for
 
the homozygous material (Blum, 1979). The interest of this type of
 
breeding is that it is easy to carry out at station level. On the other
 
hand, one can test a great number of materials at the experiment station
 
level. Unless it is applied with discernment it eliminates the material
 
which has certain major agronomic defects.
 

Breeding in a controlled environent with response to a stress or
 
screening for a varietal feature. This situation arises when, for instance,
 
material is being studied on-station for resistance to drought, or for
 
resistance to a as is done by ICRISAT in Burkina (Ramaiah and Parker,
 
1982) or for a feature such as vigor at plant emergence (as is done by
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he method is only focused on one of the behavioral
IRAT in Senegal). ' 

Quite often it happens that the material thus aspects of the plant. 


screened also his defects. However, the material retained may serve as
 

genitor in a program of pedigree breeding or backcross. The screening
a 
test requires sjacial devices and the setting up of controls. It requires
 

many replications for reconfirmation.
 

It is not possible to test varieties as rapidly and in as great
 
In the case of study of progeny subquantity as the previous method. 


start so as not to-let.T......mitted 'topedigree breeding;the test must early 

favorable combinations escape.
 

Breecing in a lightly controlled environment. The material under study 

In lightlycontrolled environments is submitted to many and varied stresses 
This case is frequently
generally related to climatic hazards and pests. 


witnessed at the farm or station level when material is tested under con

ditions of traditional cropping. The assumption here is that the material 

that behaves.well in these conditions may be hardy and well adapted to 

difficult environments. However, the interpretation of results is dif

ficult. The method is not an efficidjt.:one. Because of various heteroge

neities that occur between and within tests, the results are easily biased.
 

In a lightly controlled environment, heritability for yielil or even
 

the components of yield is poor (Blum, 1979). The breeder must compensate
 

for this fact by conducting several repetitions of the tests at the expense
 

of the number of cultivars studied which, of course, must include a local
 

control.
 

In fact these three breeding situations are not at variance with one
 

After selection for vigor at plant emergence, we evaluate the
another. 

material which is bred in good conditions so as to establish its yield
 

potentials and agronomic qualities. The lines retained are then tested
 

in less controlled conditions similar to the traditional type of cropping
 

without traction or fertilizer. ICRISAT, on the other hand, multiplies
 

on-farm trials. The integration of all the results makes it possible to
 

analyze the yield stability of the varieties and then to choose numbers
 

associating high performance and stability of production. What is re

quired is a material which, under improved cropping practices, should res

pond to improved agronomic techniques and inputs.
 

CHARACTERISTICS OF THE LOCAL MATERIAL AND OF THE SELECTED MATERIAL
 

In sorghum, the major characteristic of the local material is that
 

it is hardy. The essential elements of this hardiness are found in the
 

Guinea type. They are: good seedling emergence, the power to compensate
 

for tillering, rapid root development related to the strong vegetative
 

development, the length of the cycle which leads to a satisfaction of the
 

mineral needs beti*er scretched out in time, photoperiod sensitivity
 

w.hich makes it possible to reduce the negative phase in case of late
 

seeding and finally resistance to local diseases which have developed over
 

centuries of cropping in a selective environment.
 

However, the local varieties do not have only good qualities. Most
 

local varieties have limited yield potentials. Furthermore, their large
 

height results in a large straw/grain ratio. The use of fertilizers does
 



CHANTEREAU 141
 

not improve this situation; on the contrary, these fertilizers seem to be
 
more effective on the vegetative parts than on the reproductive parts of
 
the plant. Lodging and breakage occur frequently. Finally, their long
 
cycle makes local Varieties sensitive to late-season droughts which now
 
characterize rainy seasons more and more. Thus over- the last few years,
 
long cycle traditional ecotypes of the sahelian zone have disapeared.
 

Compratvel, ~hrac'ezedby(shorter-strawlslectd vrieies~ 
poor tillering, an earlier ear emergence that is not very sensitive to
 
photo-period, higher production potentials mainly due to the improvement
 
of two yield components: the number of grains per panicle and grain weight.
 
Generally speaking, more than'local varieties, they respond to improved
 
agronomic techniques and inputs when the latter are applied with discern
ment. Here lies the difficulty because as it is oft iess hardy than the 
traditional ecotypes, the selected material requires more attention and 
care. The constraints are mure numerous when it comes to seeding dates, 
densities, thinnings, weedings and to soil fertility of course. 

Concerning grain, there is great diversity in local varieties ranging
 
from vitreous small white grains to floury red grains. This diversity is
 
related to the multiplicity of traditional cooking practices: couscous,
 
acid of alkaline "t8", beer.
 

In West Africa, selected varieties show greater uniformity. Breeders
 
generally aim at producing clear-coloured grains without brown layer and,
 
larger than the average local ecotypes.
 

The large size of kernels is associated with absence of anthocyanic 
pigments and an endosperm with a relatively large floury portion. The con
sequence of this situation is certain susceptibility to molds and insect
 
attacks.
 

Presently, a serious breeding effort is being made in West Africa to 
produce material drawing from the traditional varieties a number of fea
tures insufficiently recovered in our current varieties. Thus progress 
can be made in terms of vigour at plant ermergence, preservation of partial 
photoperiod sensitivity for medium and late maturing types, resistance to 
diseases and grain quality. Despite the antagonistic aspect of some asso
ciations of characteristics, we are far from having used all the possibi
lities of sorghum. The expansion of the variability under study, the use 
of new breeding methods such as the recurrent selection, a greater empha-s 
sis on testing in collaboration with farmers are resulting in selections 
which are better accepted than the previous ones and meet the demand of 
the rural world better. If this effort is carried on, we may yet reason
ably expect to improve the situation and better participate in the deve
lopment of food crops which is a requisite for food self-sufficiency. 

EXAMPLES OF SELECTED VARIETY: ISRA-IRAT 204
 

ISRA-IRAT 204 is a strain extracted from crossingCE9O x 73 71. At 
plant emergence its vigour is superior to that of CE 90. Its type is 
Caudatum Tan, its size is about 1.40 m. It has a 90 day semi-marurity 
cycle. Its panicle is quite free, thick but aerated. Its grain is 
white, fairly vitreous and consumers like its taste. It is resistant 
to drought and well adapted to the 500-600 mm zone. Before being 
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introduced into Burkina, it was developed in Senegal under both intensive
 

and traditional conditions.
 

Test without a limiting factor. In 1984, in-an irrigated plot in the
 

Sourou valley of Burkina, with ampie fertilizer, ISRA-IRAT 204 yielded
 

an average of 62 q/ha on a 2,500 m plot. This gives an idea about the
 

high potentials of the variety in a totally controlled tropical environ

ment.........................................................
 

Papem trials. ISRA-IRAT 204 has been tested over the last three years at
 

the experimental location of the ORD of Yatenga. The comparison is made
 

with the local variety under conditions of controlled cropping practices,
 
except for rainfalC.-which is the major limiting factor (Dugue, 1983, 1984).
 

The results in Table 1 indicate the yield resulting from the use of 
a good selected variety. 

Table 1. Comparison ISRA-IRAT 204 and a local variety.
 

Yield Useful 

Trial ISRA-IRAT 204 Local variety rainfall 

kg/ha mm 

1982 Sabouna 
1983 Sabouna 
1983 Ziga 
1984 Sabouna 

2062 
1420 
948 
0 

1156 
986 
254 
0 

403 
320 
311 
195 

Average yield of local 
control 1107 (185) 599 (100) 

Days to panicle emergence 
(days) 

55 77 

With semi-intensive agronomic techniques and under limited rainfall
 
conditions, the yield of ISRA-IRAT 204 is nearly twice that of the local
 

variety. A 300 mm seasonal rainfall still makes it possible to produce
 
10 q/ha. However, there is a limit to thp possibilities of resistance to
 
drought of the selected material that was reached in 1984. With 195 mm
 
of useful rains, ISRA-IRAT 204 scalded.
 

On-farm trials. At farm level, at Sabouna, the effect of ploughing on
 
SRA-IRAT 2_0'4was studied in comparison with the local variety. This
 

experiment was located in lowlands receiving poor rainfall over the last
 
few years.
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Table 2. Effect of ploughing on ISRA-.iPAT 204 iand oi a locol :2crety. 

Yield 

Plough.i n ISRA-IRA 204 Lozal variety 

Direct seeding,
 
avernre 1983/84 I1375 8) 1' (L)
 

P] "ighing,
 
average "1983/J 2439 (8) 10,7 18)
 

Yield increase (rA)
 
due tc plolgning, 19S3/$4 54 16
 

1 Number of trials indicated in parnlthe',es. 

In Jirect seeding, I2&A.-INAT 204 is Plightly superior to the control. 
With ploughing, the selec;ted variety is :.ore profitable than the local 
variety in terms of sail preparatior. 

The comparison iSPA-ITAT 204 ,'ocal variety was ai.so made in 1984 on 
gravel lands of YatenLg.a, ,,:t! and without, fertilizer. 

Table 3. Effect cf ferti 1izar on ISgH;A-I]AT 204 and ci; "'local vsr.iety. 

LS:NA-!I,'AT .?04 i~ccal variet~y 

....... . . 'gha 

Without fertilizer 
With fertilizer 

27: (23 
684 (23) 

216 

lack 
v) 

On-farm rainfall 260 to 40 im 

1 Number of trials indicated in par entheses. 

The yields arc oor but these results of 1964 were obtained under 
limited rainfall conditons and on poor soils with poor capacity of water 
retention. They show that with the mnst unfavour.able treitment, ISRA.. 
IRAT 204 reveals a hardiness that con be comoa:ired to that of the local 
control. Hre we do have the selected variety t.at we wanted, that is a 
variety which responds to improved agronomic techniques and inputs to a 
greater degree than the local varieties without being inferior in a 
stress situation. 
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ROLE OF ADAPTIVE RESEARCH IN TECHNOLOGY 
. ADOPTION: THE CASE OF MANGROVE SWAMP RICE
 

FARMERS OF WEST AFRICA
 

Kwame PRAKAH ASANTE 1 

-Failures in'technology adoptioin b'y'tii Wes 'African rice farmer are.usually blamed on weak extension service an'd on the inappropriateness of 
technology:developed by scientists, Technology which is inconsistent 
with the socio-cultural and economic values of the farm community is 

. appropriato and will be rejected. 
not 

On the other hand, a new te-hnology 
that'has a chance of "fitting" the farm community must be supported by
efficient extension services. In most West African countries, however,
 
extension services are inadequate.
 

For example, the results of a cross-sectional baseline study of the
Great Scarcies in Sierra Leone, 1982, indicated that cut of 96 farmers in
terviewed in eight villages, only 11% 
had met the area extension field
 
staff, an event that took place more than a year previously. Weak exten
sion services leave the West African rice farmer low in productivity and
 
income. 
Efforts should therefore be made to alleviate the situation in
 
order to achieve higher outputs. In an environment of inadequate exten
sion services, the methodology of adaptive research should be used to
 
improve the efficiency of national extension services and other recognized

"change agents" who, in the long run, are the "messenger3" of new
 
technology.
 

The Regional Mangrove Swamp Rice Research Station (RMSRRS) of the

West Africa Rice Development Association (WARDA) in Rokupr, Sierra Leone,

incorporates both the extension and appropriate technology factors into its
 
framework of adaptive research. The adaptive research program of'the sta
tion is staffed by a multi-disciplinary team of scientists. 
They collecti
vely work to ensure that the technologies developed for the farmer fit his
 
socio-cultural and economic aspirations and that the technologies can be
 
transferred with minimum extension effort. 
For the purposes of adoption of
 
technology that need farmers' involvement.
 

The timely participation of farmers at all levels of adaptive research
 
enables scientists to determine their socio-cultural attitudes towards a
 
promising technology. It also affords the opportunity of joint assessment
 
of economic viability. Properly planned farmer participation creates the
 
appropriate MOTIVAT7 i which is a vital prerequisite to technology ADOPTION.
 
Adequate motivation llows a new technology to seep through naturally to
 
the community for adoption. Even if the new technology is rejected, it
 
is done honourably.
 

Generally, the approach applied by RMSRRS for different countries'or
 
zones is similar, but socio-economic and attitudinal diversities may some
times call for different treatments or emphases in program implementation.

Socio-economic research is the main tool used for farmer involvement.
 
Properly'programmed and cautiously executed, it can generate a "family"
 
type of farmer-researcher relationship.
 

This paper discusses the sequence of phases followed by the multi-


IExtension Economist, WARDA Station, Rokupr, Sierra Leone.
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disciplinary team of the H'1SRR.S to stimulate the transfer of new technolo
gy to mangrove sw.'amp rice farmers. it discusses he concerted f'armer-sc:i
entist approach in Slerra Leone, Guinea, and the lambia, ind tm t .3 

draw some conclusion- Knat could be usefully applied in shim:ar 
circum stance3. 

The lc'thodcoLoy section of the p:ap,_r co " : p ol' the 

various phases oI activities lirected toward ev' tUi '. ),, y adu',tion. 
The results and discussion swntion focuses n qre vouo v. "iuo of the 

ir'luence of" te s ' t.,i, ''1 doption.station involvement '.a t(:, l1y 

ic 1 
In the conte-x L of this pape, t. t 'w Wo', as oiow1: 

New technology: a new technique " ca.rrW u.utivitis .g that, 
is intrdced 1=o the mrin system by.'station ocitist' . No'w 

technul.Ey include of h i" =4 fan,Lhe new apun/ov rac

tices e . -1erti .ar , new nv' u . i t., m' }os. 
,,p 

Innovation: somet., ynonym , "n tua's e'y u, inclu..ralo p 

new ideas such as o m.m ti.: o!' ,1h in thhti 

usual, sense cannot Qe clssifi-d as r.:hnuloay 

Technoloogy transfer: ., all the pr'no~nn .ouIve in irtr 
ducing a new temchnokl:gy to tht; '' fuo' ' t n C.tr rc.ud C 
both creation of asareness a'ag W, non co.ty ." th, benefits 

of a new technology and e'c atin t'5n. nz' L i. 

Technology dif''usion: refers to thu rate A which 3 ,in techno.ogY 
spreads throughout a community. 

to AN d, Iv.y pmawent 
use of a techno'Do1y in a '1vezi cIom'tnit!. 

Technology adoptii: refers 3 d'-, ann , 

Adaptive research: r'e.''e 'nrch eff'or.t. sri t de''in tiChmologies 
or innovations whc, can Cily eaiip apt d I ti-c existing 
socio-cultural, economic, b iu-vysial and F.arming systems. 

Stat ion r'esearcher/' nUst: a member of the'multi-disciptinary team 

of the Regional Nanp:n'ove Swamu Rice Research Station. 

Nl, TI (5D')5 U2 

The follow ing sectison describes the act.ivi ties involved in different 
motivatinn rhases and the special. tWehniq,.1U used to suit specific 
situations.
 

Phase 1: Maiden contacts. In t.-, iiphase, the. lM2P team of re
,

searchers, c moscd.,f bfi ica rd socil sai.'rt explore the areas 
in which their ro isim. technology is iKly t,, ._;no I;tv.'lrahie results. 
Literature review and in rkii' visits Ar'e the main tools° Thu involvement 

of the farm cormunity is mnimal, Iow,.ver, iLhe r'erhers usunlly intro-
duce themselves to tradtional chie's and jdenti.fy ot ,.c local loaders for 
later' cont'cts. 

Physe 2: Initial int rction: During this phase, the researchers 
make organized visits to the farm community, hold mcetin s, diocuss produc
tion constraints, and visit fomn to observe their formin' systems and 
identify some of their pr'obi.-ms. At t is point, farmer participa!tion is 
rather cautious but important. The information is then assembled, the 
prohlems provisionoly diagnosed, and action taken where possile. The 
problems that require more .'t'iled study are deferred to the next phase. 

http:jdenti.fy
http:tWehniq,.1U
http:technul.Ey
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In Sierra Leone and the Gambia, the, initial contact with the vill"ge 
community is fairly easy, but in Guinea it must be endorsed by a high
 
government official (the Director of Agriculture). He issues an "or/ er of 
,mission" without which the researchers maybe refused audience. Later 
contacts, however, can be made without necessarily obtaining the official
 
permit. In the Gambia, initial farmer meetings tend to exclude women.
 
Since women do the rice farming in the Gaubia the station researchers make 
*special requests-fortheir-participation-andplan meetings-at timeswhen
 
their household work is low. Use of the correct approach in this phase
 
encourages further cooperation from the farmers.
 

Phase 3: Confidence development. In this phase, the scientists and
 
their representatives raise the level of confidence to the point that the
 
farmers begin to assimilate them into their community. 'Usually it is in
 
this phase that detailed information on the farmers is collected.
 

The RMSRRS scientists ure the FAO Farm Analysis Package (FARMAP) pre
coded questionnaires for data collection. Enumerators are normally assigned
 
to work within their own ethnic area, though usually not in their own vil
lages. however, in some instances, RMSRRS scientists have found it expe
dient to recruit enumerators from within the villages of operation. This
 
is found particularly helpful when data-collection questions smack of com
modity tax. Later, when adequate mutual confidencc Is established, such
 
enumerators are replaced and, when possible, offtred other assignments.
 
In such circumstances, one often needs to exercise special tact to obtain
 
accurate information on output, income, and expenditure. Unless the infor
mation is absolutely necessary, the RMSRRS scientists sometimes avoid such
 
delicate issues until an adequate level of confidence is developed. In
 
this phase, an important consideration is the definite attempt to estab
lish cordial and perhaps "family type" relationships with the community.

If this is achieved, the farmers become motivated for the joint farmer
field trials which, in turn, greatly prepares them for technology adoption.
 

Phase 4: Concerted farmer-researcher action. In this phase, the
 
researchers, working in close collaboration with the farmers, have identi
fied the problems which are soluble with new technologies. The RMSRRS
 
scientists conduct researcher-managed farmer-field trials at different
 
locations to test the placidity of technology packages. The farmers al
ready motivated for participation willingly donate portions of their land
 
and sometimes provide labour for the trials. Promising technology pack
ages are then nominated ft:.,further multi-locational farmer field at the
 
farmer management, rather than researcher management level. These are
 
referred to as adaptive trials.
 

The selection of packages for the farmer managed trials is based upon
 
the profitability ranking of the researcher managed trials and the "fit"
 
of the new technology into the exititing farming system. The individual
 
elements of these packages are also tested to determine their separate'
 
effects. The results are ther:'evaluated against the baseline output from
 
farmers' traditional practice and the package is recommended for adoption

if it satisfies the evaluation criteria. In this phase, the involvement
 
of the farm communit is moutfting to a peak. They can evaluate the various
 
aspects of the new technology and can judge its performance in conjunction
 
with the scientists.
 

Phase 5: Introducing the innovation. At this stage, the farmers and
 
researchers would have jointly assessed the viability of a new technology
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of i.nterviewirig sample3 of A0 to 50 farmers annually (Table 1). 

Table 1 Diffusionof the Improved Variety, Rok 5, in the RMSRRS Village, 

oribala.,
 

Factor; 1981 
 1982 1983 

Nvber of household heads interviewed 47 43 43 
Number of household heads growi,ng Rok 5 5 12 19 
% Household heads growing Rok 5 11 30 44' 
STotal quantity of seed rice nursed 8.2t 7.8t 7.4t
 

Quantity of Rok 5 nursed 0.2t 0.5t 1.6t

%Rok 5 2 '6 21
 

ISource: Station Report: Stenhouse, et al., Rockupr 1983.
 

According to the results, not only had the number of household heads
 
growing Rok 5 increased from 5% to 19% in two years, but farmers nursed
 
eight times as much of Rok 5 in 1983 as they did in 1981. 

In another area, Kychum, the farmers were hesitant n accepting Rok 
5, though it outyielded existing local varieties. The decisive factor
 
was that the new improved variety fit into the Moribaia farming system bet
ter, than it fit into the Kychum system. In kychum, Rok 5 matured about two 
weeks carlier than their local varieties ana thus required extra bird
scaring labour. Adoption of Rok 5 in Kychum would therefore occur slowly, 
if at all.
 

Joint evaluation of the performance of Rok 5 by the RMSRRS adaptive
research scientists and thc farmers resulted in the trial of a new improved

variety, Kuatik Kundur, which matured about the same time as the existing

local 'varieties. In this way, continuous cooperative action between the 
adaptive research scientists and the farmer-s enables a timely replacement

of inappropriate technology with a more adaptable one. Technology that is
 
simple, inexpensive, profitable, and amenable Co the existing farming sys
tem, (Rok 5 in tMoribaia, for' instance) is more likely to be adopted by

farmers in the early farmer-field trials of adaptive research. 
AO -ion of Unramiliar Technoogy. Technology whicn requires new tech
.ques, such as the use of knap-sack injection equipment for fertilizer 

application, may have to pass through the adaptive farmer-field trials 
and demonstration stages. The adoption process may be gradual, or it may 
never take place at all. However, in all cases, intimate cooperation with
the farmers is considered by the I3MSRRS team to be the key to the evolution 
of appropriate technology. It has been observed that certain farmers who 
view the use of the injector as t'oo complex, instead apply fertilizer by

broadcasting. Though its Mrrginal return was lower than that of the injec
tion method,' broadcasting was not discouraged since it was still profitable.
In the meantime, those whc were interested in the use of the injector were 
given training to enable them to more efficiently apply the fertilizer in 
mangrove sir'amps. 

This highlights the important point that continuous farmer-researcher
 
evaluat.on of new techrolpgy in the adaptive research phases can help

mudify the technology to ,[uit different "adoption sectors" of the farm 

http:evaluat.on
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community. Insistence on a particular method which seems initially unac,
 
ceptable to the community may prejudice the adoption of the new technology
 
in the long run. 

It should be emphasized that acceptance of new technolgy in a com,
munity does not mean adoption. For example, the mangrove swamp farmers in 
Sierra Leone and, Guinea immediately accepted the use of single axle power 
tillers for cultivating their fields. Though it is marginally profitable
 
at "6t fromthedrUdgery" of'theTarme'soinsidered'"it'a-"ynibolbof-rellef 
manual cultivation of the swamps. The farmer's valued 'the intangible bene
fits accruing from the new technology. Nonetheless, the technology had
 
not truly been adopted since it was not being practiced by most farmers due
 
to its scarcity.
 

Normally, the RMSRRS adaptive research scientists would not introduce
 
a new technology into the farmer-field trial phases unless its availabi
lity was assured. In the case Of power tillers, it was done for the specif
ic purpose of offering the opportunity for policy makers to evaluate the
 

performance of the new technolgy, and the reaction of the farmers towards 
It, on their own field trials. Reports on the economic and technical impli
cations of the use of tillers were also discussed with the policy makers,
 
i.e. the minister and deputy ministers of agriculture and their technical 
staff.
 

In Sierra Leone, the strategy gave favorable results. The use of
 

power tillers is now given a policy priority. It is being promoted by
 
newly established Integrated Agricultural Development Projects (IADPs).
 

Different makes of tillers are being tried by the farmers and IADP staff to
 

determine the most suitable ones for their environment. In Guinea, policy
 

makers are currently giving serious thought to the use of power tillers. 

The approach adopted by the station adaptive research scientists 
in the power tiller example demonstrates a certain flexibility in the 

sequence of the different phases of adaptive research discussed earlier. 

"Putting the cart before the horse" sometimes proves to be the most effec

tive method. An accepted technology may have a high potential for adoption, 

but adoption is sometimes dependent upon national policy back-up. 

Adoption of Composite Packages . Experience indicates that farmers tend 
to adopt the individual elements of a technology package rather than the 
whole package. This is natural, especially when acquisition of certain in

puts (e,g. fertilizer injectors, power tillers) is a slow process for those
 

farmers who do want to use them. 

The station adaptive research scientists nevertheless pursue package 
trials with the farmers to assess the package effects on productivity. In
 

Sierra Leone, for example, the aggregate of power tiller, fertilizer in

jector and improved variety exceeded the traditional practice by 80%on 
average for 24 demonstration sites. An average yield of 3.2 t/ha was re

corded for demonstration plots compared to 1.8 kg/ha on farmers' fields. 

In farmer-field adaptive trials in Guinea, the same package resulted
 
in yields of 2.8 t/ha and 2.3 t/ha for improved package and traditional
 

practice plots respectively, an increase of 20%. In the Gambia, in farmer
 

field adaptive trials, the package of an improved variety plus fertilizer
 
gave a yield of about 1.6 t/ha, roughly 34% higher than the traditional
 

practice.
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The packages were profitable, but generally, farmers were not capable 
of adopting them. In such situations, the RMSRRS adaptive research team 
Shas I inked.with development agencies (e.g. the IADPs), to develop package 
programs for farmers. For example', along the Great Scarcies of Sierra 
Leone, sev'eral "package groups" have been formed by the 1ADP to use the 
power tiller-improved vabiety-fertilizjr package. The adaptive research'farmers to use the new equipm t-scteam assists in training a ient, such as ferti
lizer injectors and power tillers, provbeda bthe .IADP in the-region. 
This was also an indication of the contribution which adaptive research 
can make in preparing the farm comrmunity to ndopt more complex tech
nologies. ," 

Adaptive Research Model of Technology. ln 'he foregoing paragraphs the 
adaptive researcher has been portrayed as a catalyst for technology adop
tion. Emphasis on concerted farmer-researcher trials and evaluation, with 
occasional involvement of the policy makers, has beeh the main strategy of 
the station adaptive researcher. Perhaps it is the most appropriate tech
nique for the evolution of technology appropriate to the socto-cultural, 
economic, and the existing farming system of the farmers. 

The traditional'technology transfer model depicting the researcher 
and the farMer situated at the two poles with the extension worker in 
between does not appear valid in the West African situation wherein ex
tension is deficient. Re.t,.archers should adopt the strategy of adaptive
 
research, thus involving -he farmers in technology generation as well as 
its transfer. In West Africa, the model (Fig.1) which is practised by
 
the RMgional Mangrove Swamp Rice Research Station of WARDA, may he more 
relevant.
 

In thj a model, t:,-. functional relationship among the three units of 
technology transfer is circular, and two-way. Both thu adaptive research 
scientists and the extensi.on workers interact directly with the farmers.
 

"Hot cake" innovations are adoptcd in the pre-extension or adaptive re
search phases. The "slow moving" innovations are eventually passed on to 
the extension or development agents for final delivery to farmers. 

The concept to be stressed is that the adaptive research scientists 
are not a spparate functional entity from the extension workers. Refer
ring to the methodology described earlier, one recognizes the effective 
role adaptive research plays in !,ctivating farmer,, for technology adop
tion. In popular extension terminology, the exten.,ion worker promotes 
technology adoption among his or hor clients by first creating awareness 
and interest uhirch later develop into evaluation and trial of the tech
nology. This is the route to '.cchnology adoption. This same route is 
followed by adaptive researchers. 

While it should not ho concluded that adaptive rsearch is synony

mnous with extension it is suVAd tted that the difference 'between them, in 
the context of technology adoption should only be a matter of degree. In
creased awareness of this important role played by adaptive research 
scientists can lead to greater mutual cooperation with national extension 
and development a.encies, thus continuing toward the colmon goal of helping 
the farmer. Generating a new technology and giving it to a weak extension
 
service to transfer will leave dedicated adaptive research scientists
 
frustrated in their efforts to make an impact at the farm level. This is
 
the West African situation.
 

a. . a.a'.' . ... . - . !. <a 
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Fig. 1. Researcher-Farnier,-Extension Concerted Technology Transfer Model. 
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(1) a probe into the unknown, 
(2) in:_tial interaction, 
(3) socialization
 
( 4 ) concerted farmer-researcher action, 
(5) introducing the gospel, and] 
(6) contin(ous , '!ation. 

Experience shows that relativcly low cost technology that fits the 
existing farcm.n system is adapted in the early phases of' adaptive research 
trials. Theimcre onmplex and unfamiliar technology may pass through the 
later phases and heny even requirr' the intervention of policy makers b,,f'ore 
adoptioc occurs. 

A new iar',v'-d riot variety (WOK 5) which was placed in researcher 
managed ' 'mer-f'ild trials, for example, waa accepted outright, while a 
packa,, cvm"ris,,d of power tillers, rproved varnety and f'erti].izer 
injeci'ua roquiii d special ptoc!:oge programs for adopta(om. Thus, packages 
found profitab1e in Slcern o,one, (uirnea aui the Gambi, nParsometi mos 
alopted at a rather ' n par e. 

The traditional technolooy transf'er model of the extension worker 
standing in behween the researcher and the thrarer don mr, apAPr valid 
under conditions of inadequate extension servic:es such a those found in 
West Africa. A more reuiotic node! ifor, const:t'v int'sactior of thecalls 
adaptive researcher with both th, far;er and thc extensiion units. This 
appears to be thn most *c i-e seffrati'y t,. deve lo ppropriate technc
logy and oxpoct to achieve n sat s'actnry level tf ;Nidpt]on in the farm 
community. 
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A CRITICAL REVIEW OF OBJECTIVES, METHODS AND PROGRESS TO DATE IN SORGHUM 
AND MILLET IMPROVEMENT: A CASE STUDY OF ICRISAT/BURKINA FASO 

Peter J. MATLON
 

Crop improvement programs for both cash crops and food grains have 
existed.ip-the-West-African, semi-arid tropics (WASAT).,for.several--decades. 
But compared to significant advances in cash crop improvement which have 
already been diffused to small farmers, little progress has been achieved 
for food grains. The least success has been achieved in the improvement 
of sorghum and millet, the region's predominant foodgrains. It is esti
mated that despite the years of research on these two crops, less than 
5% of their combined cultivated area in the WASAT is sown to varieties 
developed through modern plant breeding research (Matlon, 1983). 

This paper considers some of the reasons for this slow progress and
 
suggests changes in crop improvement strategies to improve this situation,
 
We consider in particular ICRISAT's sorghum and millet improvement
 
programs in Burkina through an examination of their objpctives, methods,
 
and results to date. Although the focus is on these particular programs,
 
we believe the case study to be generalizeable with important implications
 
for crop improvement programs elsewhere in the region.
 

The paper is organized into three sections. In Section One we review
 
a range of possible crop improvement objectives, and their relevance to
 
WASAT conditions. We then critically consider the objectives and methods
 
employed by the ICRISAT crop improvement programs within this context.
 
Section Two contains a detailed examination of results obtained during four
 
years of on-farm tests of the most promising materials coming out of' the
 
ICRISAT programs. Finally in Section Three, we derive conclusions concern
ing changes in the goals and methods needed to improve the probability of
 
success in both the near- and long-term.
 

CROP IMPROVEMENT STRATEGIES IN THE WASAT
 

The undeniable success of the high yielding variety/fertilizer package
 
approach in parts of Asia during the 1960s and 1970s has had a substantial
 
and lasting impact on the setting of goals in crop improvement programs
 
throughout the WASAT. In the so-called "green revolution" a relatively
 
small number of rice and wheat cultivars were developed which, when accom
panied by improved agronomic practices, chemical inputs and adequate soil
 
water (often through irrigation), were easily transfered to a large number
 
of locations. The success of' this appr-ach, however, was largely a func
ticn of environmental, infrastructural, and economic conditions which
 
prevailed in those particular regions where adoption rates were high. Be
cause of the lasting influence of the green revolution experience on poli
cy makers, donors, and plant breeders alike, we open our discussion of crop
 
improvement objectives with a brief description of the physical environ
ment and farming systems of the WASAT, drawing contrasts, where relevant,
 
to the Asian situation.
 

Principal Economist, ICRISAT, Burkina Faso.
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Environmental Considerations. Stoop et al. (1982) and Matlon (1983) have
 
described the major characteristics of soils and rainfall in the WASAT
 
which importantly determine crop improvement strategies for sorghum and
 
millet based systems. These reviews underline the critical differences
 
between theWASAT with those found, for example, in the semi-arid zones
 
of India where important gains have already been made in the adoption
 
of highiyielding sorghum and millet varieties and hybrids.
 

Within India, high potential vertisols are located over large areas 
whereas in the WASAT, such soils are rare and only occur in isolated pat
ches. Moreover, the red alfisols which are found in both continents, but 
-which _prd6domibite ii fieWAA' Iss -f -are l-e ertil1e and subject to greater
 
water stress in West Africa than in India. In India such alfisols gene
rally contain more clay and larger amounts of illite and montmorillonite
 
in contrast to the more sandy African alfisols which contain small amounts
 
of kaolir.itic clay (Table 1). As a result, the cation exchange capacit;y

and exchangeable cations are lower for the African soils, a fact which
 
reduces their natural fertility, fertilizer-use efficiency, and water-hol
ding capacity.
 

Overlayed on the poorer WASAT soils are more difficult and variable
 
rainfall patterns. Data summarized by Oram (1977) comparing the Indian
 
and West African SAT, for example, show that in areas of similar total
 
annual rainfall amounts, the growing season is between 20 and 30 days

shorter in the latter. Poorer water holding capacity which restricts
 
post-season growth on residual soil moisture further limits 
the effective
 
season length. Even in years of "normal" total rainfall, the distribution
 
of rainfall tends to be erratic in the WASAT with drought periods of two
 
weeks or longer common in the Sahel. Rainfall variability is particularly
 
high during early season planting periods which places considerable stress
 
on seedlings, often forcing multiple replantings. Finally, annual poten
tial evapotranspiration in the WASAT varies between two and four times
 
the average annual rainfall. Evaporative demands are highest in May and
 
September, during planting and grain filling periods, respectively, which
 
increases the risk of early and late season water stress. In contrast,
 
there is a single period of maximum potential evapotranspiration in the
 
Indian SAT, during April-May when it poses a minimal threat to crop growth
 
(Charreau, 1977).
 

Current Farming Systems. In response to these physical factors and due to
 
lower pressure on the land, farming systems in much of the WASAT are land
 
extensive (low cost per unit area), diversified, and fragmented. Low man/

land ratios have encouraged long bush-fallow systems with little use of
 
non-labor inputs. Thus, for example, the consumption of chemical ferti
lizers in the WASAT is the lowest of any developing region in the world.
 
The average units of NPK applied in 1978/82 w'as less than 3 kg/ha among

the eight Sahelian states, and less than 5 kg/ha for West Africa as a
 
whole. In contrast, consumption in Asia as a whole is 73 kg/ha.1
 

Mechanical tillage is also the exception in the WASAT. It is estima
ted that less than 15% of WASAT farmers employ animal traction equipment,

and that less than 5% of sorghum/millet area is plowed before planting
 
(Matlon, 1983). Inadequate animal health, nutrition, and training, lack
 
1Data from the United Nations FAO Fertilizer Yearbook for the years 1981
 
through 1983.
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Table 1 . A comparison ofP l Lroperth, for tops I,5 cm) of some 
major groups of .ApicL(tuvraI sel In.i; world ,ith 2oii doi 

tho I fPI s 1 study V I .4 , Ou, :ina Flso k 
from -varilou: finIM i n 

MYel P:ropertiev:; 

So:il1 Ltxtuvc Qh.'c u,,,nahle Aut [cn 

"EWiM S -.lt Clay ' £ U~!20 w : 3 U , A", ill, 

Black clay/ soils 
(Vertiso!, 

&W,:. 16.5 61.i 1.3 7 6 57.6 47.3 d.5 
10A) 

0.6 

Red soil:-; 
(A.fisi, india) 

Tsjernozem 5ois 
(Hollisol, Nm nia) 

i].luvin.1 a o (c-lay) 
(Inceptisol 'Ta "nd) 

64.5 

-

-

6.0 

-

-

29.6 

39.5 

48.9 

0.46 

2.6 

3.0 

6.7 

7.1 

7.4 

10.0 

33.9 

18.5 

6.7 

22.4 

15.1 

1.5 

6.6 

2.0 

0.7 

0.6 

1.2 

Burkina Fas 

Sahel bjibo area 
(Alfisol-bush 
field) 

93.6 3.9 2.6 0.17 5.7 2.0 0.01 0.06 0.12 

North Sufan 

Yako area 

(Alfisols.-bush field) 70.2 21.7 8.2 0.95 6.6 6.3 1.80 0.40 0.25 

South Sudani an 

Boromo area 
(Al fisols-bugi' 
field) 

65.5 28.4 5.9 0.96 6.5 4.7 0.9 0.25 0.13 

Boo'omo arx.i 
(Alfisols-household 
field) 
1Sourc: Vi~r'Lh anu 

5'j.3 

Stoop, 

30.7 

1984 

10.1 1.07 7.4 5.7 2.0 0.45 0.45 

Organic - tr. 

3Cation Exchan e Capacity. 
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of manpower, conflict with timely planting, and poor yield response for 
local varieties contribute to the )ow adoption rates (Jaeger, 1984;
 
Sargeant et al., 1981).
 

Finally, compared to the common monocrop patterns in parts of Asia, 
the diversified and fragmented cropping systems of the WASAT derives from 
the'goal of farmers'to reduce aggregate production risk while exploiting 
micro-variability in soil'types. This variability is linked both to the 
toposequence position ,and to the distance from habitation points i.e., 
organic matter availability (Stoop et al., 1982; Prudencio, 1983). The
 
result of the above factors is that one finds a wide diversity of sor

agroclimatic zone. It is within this framework that one should evaluate
 
local sorghum .3andmillet varieties, and into which new cultivars ind tech
nologies need to be fit to achieve impact in the short term.
 

Alternative Cr6p Improvement Objectives for the WASAT. We distinguish
 
three general crop improvement goals:
 

(1) yield potential at high management,
 
(2) yield stability through enhanced resistance to biotic and abiotic
 

stress factors,, and 
(3) changes in agronomic charazteristi.cs of cultivars to fit new
 

cropping systems.
 

Most crop improvement p-cgrams in the WASAT have defined several 
objectivez to varying degrees, butpriority has traditionally been given 
to yield potential - that is, to the development of high yielding culti
vars under high management. Although this approach is generally con
sistent with the one which achieved substantial production gains in Asia 
during the 1960s and 1970s, the critical differences in the WASAT environ
ment which we have just reviewed have blocked progress to date.
 

First, the high yielding variety package approach requires increased
 
plant density, high use of chemical fertilizers and adequate soil mois
ture to obtain production potential. However, yield response to fertili
zer and to increased plant densities are substantially lower, and the
 
risks higher, on soils with low water holding capacity or when water con
trol or other water conservation measures are absent. As described above,
 
soils in the WASAT generally have lower water holding capacity than soils
 
in the Asian SAT. In addition, the density of irrigation is insignifi
cant in the WASAT when compared to Asia1 . Second, the density of extension
 
support is lower, and more costly, and the infrastructure to supply che
mical inputs on a timely and assured basis is considera:2ly less well
 
developed in the WASAT than in most Asian countries. Third, because there
 
is substantially lower land pressure in the WASAT compared to the Asian
 
SAT, there is less economic incentive to intensify land use at the expense
 
of traditional risk reducing land extensive strategies which have lower
 
production costs per unit area.
 
1It is significant that in the Indian experience thehighest rates of 
adoption of high yielding sorghum cultivars and the greatest use of
 
chemical fertilizer have both tended to concentrate in areas of more
 
assured rainfall and in areas of greater irrigation density (Jha et al.,
 
1981). Adoption of HYVs is lowest in areas of lower rainfall and where
 
soils are characterized by poor water holding capacity. These two
 
conditions describe much of the WASAT. .
 

http:charazteristi.cs
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A second possible crop improveaent ohjectiv. is t.o increase yield 
stability through breeding for resistance t.o the most common pests and 
diseases as well as to oth'or environental stresses. This includes: 
resistance to dowry mildew in "flu!ot; to sooty stripe, grain mold, and 
charcoal rot in sorghum; to . t.-'a in both sorghum and nillet and to 
shoot fly, aphids and midge in sorghum. urea ter drourhc resi"stance and 
improved seedling vigor' are equally JimpoVrtat. The magnii tde' of such 
potential gains are not easily d, , however, as precise yield loss 

assessments are not 1 Dut produ(ction irncreasesgencral!y ailab"e. 

achieved through this objective alone could be nor since r;st local 
varieties, havin, evolved in orroLr'orwdot Iready have a rtosur.e of 
resistance or' tolerance tr, many biouic2 0"'.nd 5 t.1 russe. T W! 

stability objective, i.n moot ca sc ,, buii i-Itupreted as ensurisng that 

new cult ivars inccnrpornte a t I equg] toltrarncc or ceoi.stace to 
stresses in addition to enchr.coi yield potential. ,',P..-aar. 11e ad,additional 
basic research and ,,thrdoloy a,.op;r.Ient is reded, Pop nampl because 
the physiological, renctic. and 'A-'tancemechan. Lsms of crops to such 

key stresses as drogt. not yet. wel Fe'I sr, tare understood ,Ii ,rnit,' 
m'thod; i cX:..t_ , yctJ1(r). 

The third ge-i'ap crop tmp'ovemenrt objective which we consider is the 
development of cu.tiLvs ,with i' wider rarge of agronoiic characteristics 
such as plant c'nooy ,or ,u crop cycle. ucn chanrge coold increase 
farmers' m-rageent options by opening new irtercrou or relay cropping 
possibilities, by p"rmitting farmers to plant late without yield loss 
following failure of eal'y'ains or after soil prepara ion, or by permit
ting cropping on the most drcuontfI prone soil types where -.oil moisture 
limitations reduce the effective growing period. A.s with breeding for 
resistance, however', e impact of such a strategy would likely be mar
ginal in terms of"ag-r.ega, production tho,.h it woald achieve g-eater 
product.on stability in th, ear ten-m. 

ICRISAT Goals and M.ethods in Burkina. The I,].SAT/burki.na pognam, which 
was initiated in 975 oT Ms tree crop improvement programs: a general 
Sorghum ]prov:'r t"o., a georal Millet Improvement Program, and a 
program of Striga rm'ustance for both sorghum and n.llet. It is perhaps 
not surprisirg that each of these programs has articulatd a combination 
of the three objectives just lescribed. Although it is probably true 
that in practice greater weight is given to sel.cting for yield potential, 
stability criteria arc al!so addressed through multilocational testing 
and through scre .ning, elite ultivars to the region's major pests and 
diseases, with a major accent given t riwa resistance. Lackng r'e
liable procedures to scr'e,a or. drcught resistance, litle formal evalua
tion is done for this stress factor. On.-station screening 'or seedling 
establishment undir low tillage is de in only one of the three programs. 
Direct screening for tolr ance to "oil nutrient stress W2:tbeen cnly 

recently bhcun. 

The third objective suggscsed bovo, that of :odifying crop agronomic 
characteristics to fit new m:topping .... , is partially recognized by 
each program to the extent that materials and oper'ational goals are grou
ped into either' two or three maturity cycles (long duration, about 140 
days; medium duration, about 120 days; and short duration, less than 110 
days). Until 1983, complementary agronomic trials were also conducted 
using a limited number of elite cultivars to determine the yield response 
to land types and to date of plantin-, and to determine compatibility 

http:I,].SAT/burki.na
http:product.on
http:APPROPRTI.TE
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with various intercropping systems. Early systematic screening of all
 

elite materials isdone ohly for dat of planting response but ,not for
 

fit to land types or to intercropping..
 

In the early years of each crop improvement program, major emphasis 

was placed on the evaluation of exotic lines which were drawn from a wide 

range of sources. Since 1975, approximately 7000k sorghum entries and 

3000 millet entri' have been screened fcr local adaptation. The maju
rity were advanced breeding lines or elite materials obtained through 

the ICRISAT Center's breeding programs and Germplasm Unit or, through 

cooperators elsewhere in Africa, the Middle East, and the United States. 

Only-some of-these -lies (up to-50inthe millet. program but less, than 

5% in the sorghum program) were of West African origin. 

Many of these entries included high yielding varieties and hybrids
 

which had already had considerable"success in India. It was hoped to
 

identify some which were already well adapted to WASAT conditions thereby
 

permitting major gainB to be achieved immediately through direct introduc

tions. Eventually it was planned that from crosses of selected locals by
 

high yielding exotics, it would be possible to isolate lines combining the
 

adaptation traits from locals and high yield potential from exotics. A
 

systematic evaluation of local material collections, however, was not
 

begun until relatively recently.
 

The "technology transfer" or direct introduction approach has shown
 

only mixed success to date for sorghum, and no success for millet. Itwas
 

observed for example, that the millet materials originating from India
 

were highly susceptible to African races of mildew, smut, and ergot. More

over, a set of physiological factors tended to accelerate the geowth of the 
varieties of Indian origin causing them to be spindly and partially
 
sterile (Scheuring, 1980). Similarly the high yielding sorghum hybrids
 

CSH5 and CSH6, which had considerable success in India, experienced severe
 

problems of charcoal rot and lodging under WASAT conditions. An addition

al set of problems associated with some of the introduced materials was
 

related to plant characteristics which had been fashioned from the green
 

revolution experience. These problems have included:
 
(1) growth cycles which are too short for wide adoption in local
 

systems,
 
(2) insufficient planting date flexibility due to photoperiod
 

insensitivity,
 
(3) overly short straw length which reduced the economic value X crop
 

residues while increasing the risk of damage due to livestock, and
 

(4) overly compact heads which contribute to grain quality problems.
 

As a final noteit is important to recognize 'hat within the ICRISAT 
Burkina programs all sei :.tions are done under modetately high management
 

conditions. This inv1olves improved fertility (37: 23: 15 kg NPK/ha), deep
 

plowing, tied ridges, precision thinning, and a high level of weed control.
 

Breeders are well aware that this level of' management is non-existent
 

on farmers' fields, and indeed that it is probably not even economic.
1
 

Nevertheless, breeders consider:
 

1Rough calculations have shown that at on-station levels of labor and non

labor inputs use, average grain yields would have to exceed 6 tons/ha
 

to achieve breakeven returns.
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(1) that a moderately high base fertilizer treatment and deep plowing 

are necessary to reduce the ef'fects of inter-plot soil quality 
differences (a source of unexplained variance in trials);. 

(2) that plants cannot adequately express their potential genetic
 

differences underpw input lavels;
 
are(3) that measures to enhance nOil'moisture, such as tied ridges, 

necessary to ensure useable results in drought.years; and
 
case, response curve cros3-over
(4) that for soil fertility, in any that is, seleci~i :at low fertility levels probably doesn't ocrur'-


tions are unaffected since the ordering of cultivars withirespect 

............. t6 yield-is gnrally stable irrespective offerilitylevels;........ 

With this as background, we examine how well materials which were
 

selected following these program objectives and under these conditions have
 

actually performed in realistic on-farm situations.
 

THE ICRISAT PROGRAM OF ON-FARM TESTS
 

Beginning in 1980, a collaborative program of on-farm tests was begun
 

in two pilot villages of central Burkina involving scientists in ICRISAT
 

economics and crop improvement programs. By 1982, the on-farm testing
 

program had expanded into six long-term study villages (Fig. 1) which were
 

selected following national reconnaissance surveys as being representative
 

of the country's three major agroclimatic zones: the Sahel (Djibo villages,
 

570 mm long-term annual rainfall), the Sudanian savanna (Yako vllages,
 

750 mm) and the northern Guinean savanna (Boromo villages, 970 mm). The
 

on-farm tests have continued through 1985 with the participation of a common
 

panel of approximately 25 farmers in each of the six villages.
 

By 1984, 13 promising sorghum and millet varieties and hybrids had
 

been teited by participant farmers. Once transfered to on-farm conditions,
 

all cultivars demonstrated significantly different performance than that
 

which was observed on the research station. Weaknesses and advantages
 

not previously seen became evident when they were exposed to new stress
 

factors on farmers' fields. Data generated in these farmers' tcats have
 

provided a rich base from which to rigorously analyse these performance
 

differences. In subsequent sections we examine five measures of perfor

mance:
 
(I) the yield-gap between on-station and on-farm conditions,
 

(2) seedling establishment under low tillage,
 
(3) yield stability accross micro-environments,
 
(4) yield response to improved inputs, and
 
(5) yield components.
 

The Station-to-Farmer Yield Gae. Data in Table 2 show that most of the
 

elite cultivars tested by ICRISAT since 1980 have experienced- 'yield loss
 

of between 40 and 60% when transfered from research station trials to farmers' management, with all comparisons made at similar levels of ferti

lization. Moreover, because the yield superiority of elite over local
 

cultivars observed in on-station trials is often absent or reversed under
 

farmers' management, this suggests that the yield -,ap may be less for local
 

than for elite cultivars.
 

... .... ... . .. . . . .. . . i 
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Table 2. 	Yield gap for elite cultivars between trials at Kamboinse
 
station and ICRISAT farmer's tests in Burkina, 1980-83.
 

Grain Yiplds
 

Year Crop and variety Station Farmer Difference
 

.... 	 kg/ha

1980 Sorghum E35-1 2520 1300 48 
1981. . Sorghum E35-1 2190 120 .2: 
1981 Sorghum CSH5 12240 1290 42 
1982 Sorghum ICSVIO01 1560 730 53 
1983 Sorghum ICSV1002 1630 1370 16
 
1983 Sorghum 82S-7 1280 1200 6
 
1983 Millet IKMV8101 1280 520 60
 
1983 Millet IKMV8201 1530 570 62
 
1983 Millet IKMV8202 1000 310 69
 

During 1984 we initiated a three-year researcher-managed on-farm
 
experiment to measure the major determinants of this yield gap for sor
ghum. Data on farmers' cultivation practices taken from the farmers'
 
tests and from ICRISAT baseline surveys suggested that five management
 
factors, which differ between the station and farmer, were important:
 

(1) plowing or direct seeding,
 
(2) timing of fertilizer application,
 
(3) presence or absence of tied ridges,
 
(4) planting arrangement, and
 
(5) weeding frequency.
 

The five management factors explained between 65 and 90% of yie),d
 
variation in the Boromo and Yako sites, respectively (ICRISAT, 1984).
 
The largest and most significant main effects were for tied ridging
 
which insreased yields by 40% in Yako and by 75% in Boromo (Table 3).
 
In Yako, significant main effects at the .05 level of probability were
 
also observed for deep plowing (40 yield increase) and timely weeding
 
(20% yield increase).
 

If confirmed in subsequent seasons, these results may carry important
 

implications for crop improvement programs. We mentioned that several
 
years' results from on-station trials and from farmers' tests suggest
 
that the yield gap is less for local than for improved cultivars. Since
 
tied ridges and deep plowing are the major determinants of the yield gap,
 
this reflects the fact that local varieties, being more rustic, may be better
 
adapted to zero plowing but at the same time less responsive to improved
 
tillage practices. Results.from experiments conducted by ICRISAT's Soil/
 
Water Management Program support this inference (ICRISAT, 1981).
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Table 3 	Sorghum yields from five management factors applied at levels
 
corresponding to research station trials and farmers' tests,
 

2
•results 	of yield-gap trial (plot size 22 m ) 1984.1
 

Sudan zone Guinean zone
 

Station Farmer Station Farmer
 
Main effects of management factors level level level level
 

Fertilization timing 	 881 897 1344 1061
 
Plowing 	 1034 744 1376 1029
 
Tied ridges 	 1030 ** 748 1526* 879
 
Planting 	arrangement 931 847 1151 1254
 
Weeding timing 	 969* 809 1194 1211
 
Mean 	 889 
 1202
 
SE 
 +39 	 +133
 

Significant management Plowing X Tied ridging
 
factor interactions 	 (negative) *
 

Plowing X Weeding timing None
 
(positive)*
 

Fertilization timing X
 
Plowing X Weeding timing
 
(negative) * 

IStation levels (S) and farmer levels (F) for management factors were the
 
following. Fertilizer timing: NPK before seeding and urea 30 days later
 
(S) and both NPK and urea applied at first weeding approximately 30 days
 
after planting (F); plowing: deep plowing (S) and direct seeding or
 
shallow scarification (F); Tied ridges: yes (S) and no (F); plarting
 
arrangement: one plant per hill at 20 cm intervals between hills and 80
 
cm between lines (S) and alternating two and three plants per hill at 60
 
cm intervals and 80 cm between lines (F); weeding timing as necessary for
 
weed-free surface (S) and first weeding at 30 days, second weeding at 60
 
days (F).
 
•, ** and *** indicate significance at probability levels, respectively,

.05, .01 and .001.
 

But neither tied ridging nor deep plowing are generally practiced
 
by farmers of sorghum production in the WASAT. With few exceptions, most
 
farm level evaluations of tied ridging have shown that major labor bottle
n.ecks and poor yield responses for local cultivars under on-farm fertility
 
conditions constrain adoption. Other factors including inadequate animal
 
health and nutrition, lack of manpower, conflict with timely planting, and
 
poor yield response to plowing also inhibit the adoption of mechanized
 
plowing. More responsive cuitivars, particularly those which have a
 
somewhat shorter cycle, thus relieving the labor constraint, could make
 
both practices more economic. Conversely, these practices may be consid
ered as necessary complements to ensure the competitive performance of
 
the current elite cultivars developed at the research station.
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Seedling Establishment Uider Low Tillage. In all farmers' tests, we eva
luated the plant stand 10-15 days after planting by recording the percen
tage of hills with at least one live'plant. The observations were then 
grouped by method of pre-plantingsoil tillage, and the plant stand rates
 
for local and elite cultivars were statistically compared'within each
 
tillage category. In Table 4, we summarize the comparisons at the lower
 
tillage levels (zero tillage and shallow hand scarification).

1
 

It is clear that poor seedling establishment has been an important 
problem, particularly for the elite sorghums tested. In two-thirds of 
the 27 sorghum-cases-examined, -the.elite cultivars had-lower establishment 
rates than their local controls. Of the nine sorghum cultivars tested, 
only two showed consistently better establishment across zones and years -

Framida and the hybrid CSH5 - whereas six had consistently worse rates 
than the locals. 

It must be emphasized that the problem of inadequate seedling esta
blishment under low soil tillage had not been previously identified for
 
the majority of cultivars i<-on-station trials. This was due to the gene
ralized on-station practic of deep plowing before planting and therefore
 
the failure to screen systematically for seedling establisment in a low
tillage stress environment which would have made varietal differences more
 
distinct.
 

Yield Stability. Our brief description of the physical environment and
 
farming systems of the WASAT stressed the variability of the environment. 
Because of farmers' risk aversion, the probability of wide adoption of a 
new cultivar will be greater, ceteris paribus, to the extent that the cul
tivar shows stable yield superoority over a range of physical and manage
ment environments.
 

Stability analysis techniques have been developed to compare the
 
performance of cultivars across such variable environments. A commonly
 
used technique which can be applied to data drawn from a large number of
 
test sites is to regress the yield of each cultivar at each site against
 
the mean yield of all cultivars at each site (Weil and Quoi, 1984;
 
Hildebrand, 1984). The mean site yield then represents a type of en
vironmental index. A site (inour case a particular farmer's test block)
 
where yields are low, due either to management or to physical site
 
characteristics, is considered a poor environment, and vice versa.
 

We have modified the standard approach slightly by fitting the
 

following regression model:
 

Yikj z a + blYj + b2Xi + b3 jXi
 

where Yikj = yields for the elite cultivar i and the control
 

k at location j,
 

= the average yield of all cultivars at location J, and
 

Xi =a dummy variable for elite cultivar i.
 

IThe variable relative performance of the same cultivar in different years
 
and/or regions is due todifferent rainfall patterns, soil types, and
 
local variety controls.
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Table 4. Comparison 
sorghum and 
ICRISAT far

of seedling establiment of 
millet with local varity che

mers' tests, Burkina, 1950-84. 

ite 
cks, 

cultivars of 
results of 

Cultivar Re'_ Ion Yeni 
Culti v.at ion 
:,ethd 

Effect of 
cultivar 

elite 

Sorghum 
ICSV 102 "udan ,,3 1 + * 

ICSV 1002 Guintei 82 1 + 
CSH5 sudn 8i I -4 

CSH5 "udIn 81 2 + 
Frami da sjdn 82 1 + 
Framida SCLdu"rilK 2 + 
Framida Guinea 82 1 + 
Framida Gui nea 52 2 + 
82S47 'ud in 83 1 + 

0 3 
IOSV 1004 Guinea 84 '1 
SPV35 n2he] 82 1 -
SPV35 2awel 82 2 
8247 Sudan 83 2 
82S47 Guinea 83 2 -
ICSV 1002 Sudan 84 1 -
ICSVI102 Guinea 84 1 -
ICSV1002 Guinea 84 2 -
ICSV1003 Sudan 84 1 -
E35- Sudan 81 1 
E35-1 Sudan 81 2 
82SW7 Guinea 83 1 
38-3 Sudan 81 2 - * 
SPV35 Sahel 83 1 - ** 

E35-1 Sudan 80 2 
38-3 Sudan 81 1 - ** 
jCSV1002 Sudan 84 1 -
ICSV 1003 Sudan 84 2 
!CSV1004 Guinea 84 2 -

Millet 
IKMV8202 Sahel 83 1 + 
IKMV8201 Sahel 83 1 + 
IKMV8201 Sudan 83 2 03 
IKMV io1 Sudan 83 2 03 
IKNV8201 Sudan 83 1 
iKMV8201 Sahej. 84 1 -
IKMV8201 Sahel 84 2 -
Souna 3 Sahel 82 1 

, = zero pre-planting tillage; 2 = shallow hand scarification. 
A "+" indicates that seedling establishment rates were greater for the 
elite ,ultivar than for the local checlk, and a "-" indicates the opposite.

2Differences were tested using the Chi-square test. on grouped data for 
19ED-82, and using a t-te-t. with indrpendent groups in 1983-80. Proba
bility levels for the significance tect were * 7 .05, ** = .01,0*:.001.

3Establishment rates were identical for the elite and local cultivars.
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In this way we fit a single regression for each pair of elite and
 

local cultivare, while automatically obtaining test statistics-for the
 

change in intercept (b2 ) and the change in slope (b3) for the elite 
as
 

Because we assumed that-the factors which define
compared to the local. 

a "good" or "bad" environment would probably be different at different
 

levels of fertility, we fit the regressions twice, first by using data
 

from the zero fertilizer plots, and second by using data fromthe test
 

plots which received either 14: 23: 15 kg/ha (1981-82) or 37: 23: 15 kg/
 

ha (1983-84).
 

'Using the estimated regressioncoefficients,: we-categorized and .
 

grouped the elite cultivars (separately for each year, zone and fertility
 

level) according to 4 standard stability types, A through D, which are
 

Type A represents those elite cultivars
grar'ically depicted in Fig. 21. 


which are superior to locals across all environments (b2 and b3 are positi

ve). Type B represents cases where the elite issuperior to locals only over
 
Type
a range of poor environments (b2 is positive but b3 is negative). 


C represents the case where the elite cultivar is inferior in poor envi

ronments but superior in better environments (b2 is negative but b3 is
 

positive). Type D represent the worst case where the elite cultivar is
 

inferior over all environments (b2 and b3 are negative).
 

We summarize the results in Table 5 for the unfertilized plots and
 

in Table 6 for the fertilized plots. We also present the cross-over yield
 

by indicating over what range of local variety yield levels the elite
 

variety is superior. Examining the zero fertilizer case first, the
 

results of the stability analysis highlight several points. For sorghum
 

we observed no cases where the elite cultivars were superior to locals
 

over all environments (type A); however, three cases of uniform and signi

ficant inferiority (type D) were identified. The most frequently signi

ficant cases are those where the elite cultivar is superior only in better
 
If we combine
environments (type C). These represent 40% of all cases. 


that in 60% of all cases the elite cultivars
type C and type D, we see 

were either less stable and/or absolutely inferior. The millet results
 

are uniformly poor with two type D cases, and two type B cases, for which
 

elite superiority is projected over a very minor range of extremely low
 

yields.
 

Stability analyses conducted on the sorghum data from fertilized
 

plots (Table 6) again show that the most common and significant case is
 

type C stability with elite superiority occurring only in better environ

ments. In four cases the elite cultivars were found to be uniformly
 

inferior over all environments. In contrast, three type A cases were
 

identified, which suggests that with improved fertility, elite Varieties
 

with wider adaptability can and have been identified. Finally,'ithe elite
 

millet varieties tested showed that even under improved soil fertility
 

they had very poor adaptation.
 

IIdeal data for this analysis would have included the same set of elite
 
Because all culcultivars over a canmon number of locations and years. 


tivars would have faced identical environments, unambiguous inter-cul

tivar comparisons would have been possible. Because we lacked such data
 

and because many cultivars were tested in only a single year or zone,
 
The reader will note that
individual analyses were done by year and zone. 


stability types change for certain cultivars under different macro-envi

ronmental (year and zone) conditions.
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Table 5. 	Stability -nalysis of elite sorghum and millet cultivars at 

zero fertilizer; ICRISAT farmers' tests, Burkina, 1981-84. 

Elite cultivar 

interaction with 
___-- Sta- Cros-, Average 

Intercept Slope bi]ity ov1r test 

(b2) (b3 ) type1 yJ.e id yield3YearCultivar Zone 


Sorghum--kgha-
160 12-0SPV35 Sahel 82 + - .1 

ICSV1002 Sudan 83 + - B :,1080 570 

CSF15 Sudan 81 + - B 760 600 

82S47 Guinea 83 + - B , 870 840 
120
ICSV1002 Sudan 84 + - B 4 70 


ICSV1003 Sudan 84 
 + - ** B < 	30 100 

ICSV1002 Guinea 84 - + * 	 C , 200 470
 
C > 180 270
Framida Sudan 82 - + 


E35-1 Sudan 81 - + 
 C . 480 600 
* * c > 510 160Framida Guinea 82 - + 


> 400 440
ICSVIO04 Guinea 	 84 - + * C 


83 + > 760
ICSV1002 Guinea - C 910 


82S47 Sudan 83 - - DD 410
None 


38--3 Sudan 	 81 -D - D None 500
 

83 - - ** D Lone 180
SPV35 Sahel 

Millet
 

IKMV 4 Sudan 83 + - , B * 30 270
 

IKMV 4 Sahel 84 + - * B 4 10 20
 

IKMV4 Sahel 83 - - D None 390
 

Souna 3 Sahel 8 - - D None 110
 

1 See Figure 2.
 
2Indicated is. the r.ge of yields for' the local cultivar over which the
 

elite CLOtivar is u-ojoctJ to be superior. 
3Calculated as the irean yield across locatic i of all cultivars tested 

at the zero fertili zer level. 
4
We have combined 1IKV8101, 8201 and 8202 for this 	analysis.
 

*, *f and *," indicate sigr,,it'icunce at the .05, .01 and .001 levels,
 
respectively.
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Table 6. 	 Stability analysis of elite sorghum and millet. cultivars 
on fertilized plots, ICRISAT farmers' tests, Burkina,1981-84. 1 

Elite cultivar
 
interaction with: 

Sta- Cross- Average 
Intercept Slope hr.lit

2 
y over test 

Cultivar Zone Year (b2) (b3) type yield 3 yield 

7orghum -- kg/ha---

Frami da Sudan 82 + + A All 700 
Framida Guinea 82 + + A All 870 
82S47 Guinea 82 + + A All 1380 
CSH5 Sudan 81 + - B 17750 5 1140 
81S47 Sudan 53 + B 4 !060 980 
5PV35 Sahel 82 + C "2 40 300 
ICSVi002 Gui.nea 84 f C > 180 950 
ICSV1002 Sudan 83 + C > 270 1380 
E35-I Sudan 81 - + * C . 26C 1200 
ICSV1002 Sudan 84 - + * C ' 160 280 
ICSVI002 Guinea 83 -. + * C > 880 1290 
ICSV 1003 Sudan 84 - - D None 230 
ICSViO04 Guinea 84 - - D None 760 
38-.3 Sudan 81 - - D None 1050 
SPV35 Sahel 83 - - D None 340 

Millet
 
IKMVU Sudan 83 + - * B 4 290 570 
IKMV 6 Sahel 84 + - B < 10 70 
Scuna 3 Sahel 82 - + C ? 270 200 
.IpV 6 Sahel 83 - - * D None 5170 

IThe fertilizer rates are 14: 23: 15 kg/ha in 1981-82 and 37: 23: 15 kg/ha 
in 1983-84. 

2See Figure 3. 
3 ndicated is the range of' yields for the local cultivar over which the 
elite cultivar is superior.

4Calculated as the mean vield across locati.ons of' all cultivars tested on 
fertilized slots. 

5 Due to the extremely high projected cross-over yield, this case can 
effectively be considered a type A. 

CWe have combins.d IKIOV8101, 8201, and 8202 for, this analysis. 
, and indicate significance at the .05, .01 and .O01 levels res

pectively.
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Response to Improved Management - the £caue 'of esponse Curve Coss-over. 

Our analysis of input response Focussed on -everal questions. First, are 

elite cultivars more responsive to modern mputs when cmltiv-ted under 

fariers' management - mat i-, re thbir response curves soepr tlan 

locals over an economic .arw uf inut levels ani w;hen .ina n-farm 
t.hat the orderingstressesT Second, do the response c,:tes cross, 3auch 

yield changes significantly btwenn low andof cultivars with respect V 
s t whit input levels does C'1s5-over occur?high input levels? if 

And for what inputs? 

To address these questions we fit yield function regrossion nodels 

to the farmers' test data. Thu rdejs were of the form: 

Y a + tIX1 + h2q, + b3X2 + b4 XjX_, -' b5X1 X3 x b6 X2X 3 

where Y grain yield, 
X1 = dummy variable for' the elite cultivar, 

X2 dummy variable for plowing, and 

durny variable for' fertilizer.X3 


Only data from plots with zero fertilizer and 14: 23: 15 kg/ha (1981

82) or' 37: 23: 15 :g/ha (1083-84) wt. employed in the analysis. Using the 

regression coe'ficienc we then calculated estimated yields at various 

input levels for the local and elite cultivars. By estimating b6 (the 

coefficient on the plowing X fertility interaction term) we have removed 

all possible complementary effects to measure anly the main plowing and 

main fertilizer effects. The results are sumimarized in lable 7. 

We note first that in 60% of the sorghum cases and iC 00% for millet, 

the local varieties cutyfeldea elites when gro;.n under typical farmer 

conditiors of zero fertilizer and no plowing. The e:-ceptional cases
 

where the sorghum elites outyielded locals at zero input levels are parti

cularly worth noting since these include the same cultivars found to be
 

the most 3;table above: the hybrid CSH5, Framida, E35-1, and ICSVIO02
 

which is itself a progeny of' Framida and E35-i.(Sudanian zone, 1983) 

Due to high variance, the significance levels were low on all response
 

coefficients. Nevertheless, we can draw .,some tentative conclusions by 

comparing the magnitudes of response incremets. Among the sorghum tests,
 

the size of yield responses to both plowing and fertilizer were somewhat 

greater for the elite cultivars in two-thirds of the cases. The average 

yield increments to plowing across all sorghum -cases was 190 kgiha and 

140 kg/ha, for' the elite and local cuitivars, respectively. As for the
 

increments were 450 kg/ha and 

390 kg/ha, for the elite and local cutivars respectively. in short, 

while our data do not conclusively prove that ICHISAT selection procedures
 

fertilizer dose tested, the aver'age yield 

have resulted in more mnnagement responsive cultivars, they are largely 

consistent with that hyp.thesis. 

zero input levels with the response
Combining data from base yield; at 


increments, we then grouped the response curve relationships between the
 

elite and local cultivars for each fact :.within the cross-over type
 

categories developed earlier.
 

The results in Table 7 demonstrate that. under the stress conditions 

and low yield levels encountered at the farm level, response curve cross

over was identified in six cases for plowing and in seven cases for
 



Table Yield response elite arJ ad ... : tt to polowi.ng imd 'e-i]_izer,o.' local, sori-un: , llet1C0-2SA07 far ers' teats, 1, 198Burkia, r 

Base yieids with Ye esen. 'r: 
plowir or 

. i.i" -. • ype f response 
curve relationship 

Elite oral Elite ocl cultivar 2 

z-L.uI t cul tiv r 
Cultivar Z7ne year (a+D< ,._ ,3-)._b 5 ) loin_ Fertil.izer 

cuival Icuitta r utiar cIt itar
 

ZdIudan e 290 3a60 300 330 A 
Framida Guinea ,: g 650 0 290 A A-
ICSV I002 Sadan a3 240 590 430 00 930 1310 A- A 
CSH5 Sudan 81 5 1 570 370 500 550 450 A B 

E35-1 Sudan 81 470 540 53' 3')0 6nO BOO A 
ICSViOO3 Sudan 4 60 90 0 - 10 100 7'1 10 3 B92S4'7 70 

_S47 ,Guinea 3 790 700 100 320 500 710 C C 
ICSV 1002 Guinea 84 0 440 - 30 37(0 450 C C 

SVP35 Sa',,el 82 110 100 20 180 90 110 7 C 
ICSV 1002 Guinea 33 620 600 50 250 200 430 D C 
iCSV1004 Guinea 84 430 ?90 2_0 220 420 240 C D 
82S47 Sudan 83 510 410 -160 -190 430 540 D C 
3c-3 Sudan 81 530* 270 280 230 490 4.30 D+ D 

ICSV1O2 Sudan 34 60 30 100 105 1202 0 0 D+ D 

!KMV3 Sahel 33 440* 250 30 -130 220 150 D D
 
IKMV. Sudan 3 300 170 a0 230 270 D D
 
IKMV 3 Sahel 34 30 10 -20 - 10 ,0 70 D+ D
 

Souna 3 Sahe2 82 170 80 180K0 60 90 D- D+
 

Fertilizer r ates were zero at the -,zse level ar.0 1 kgiha 14: 23: 15 in 1431-82 and 100 kg/ha 14: 23:15 
,pius 50 kg/ha urea in 19383-814.0 
-See Figure 3. llote that a "--" or 11-"has been add1ed to indicate those cases where the slope of the o 

response curve for tice elite cu_17ivar was eiter .reater or less than the local variety but where cross
over did not occur, over the observed range of 1 e
nut .. 
3T!". IK-V82CV -, arid M7i7,8202 are combined for this analys.-is.VP.101 

** and -**indicate significance at the .05, .01 and .001 levels, respectively. 

http:polowi.ng
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fertilizer. Moreoier, in the majority of thsoe (ases cros!s-over was the 
expected type C - that U, the elite' cuitiv - was inferior at the low 

ranagement leval, but superior at the high _vel. Cases of th- desired 
response curve relationsh ip (t yp ere duntmii'i d for three :nor'humr 
cultivars with respect wt cloying (GSI 0, Fr'amrJ.da, and i 10tJ[O toI)) and 

fertilization (Framida, IV102, n'd F25-1). 

Finally, we ohsorved type D cas, (.a ifora inferior'ity (f th elite 
cultivar Pt both input levels) in Q%- _."t. i so ;ca;es For plow
ing and in th ee cases for Fertilization. Eecaun thr'ese cul, ivars had 
been selected on the basis of i' i.n it yiel'! :uperiority over local 
varieties at the research otiti,, t r slts strongiy zuet that 

type C response curve cross-Over 'OC :.for h-e varioties as well, but 
at higher levels of mana -ement thin that obs .-rved in the farmers' tests. 
This is particularly tru, 'or mill.t, I', all cases were,, type D. 

Additional evidence [.h Ont.l. i of D cooin set of varieties 

according to yield is not nrc_.siary Vdantica at hip and Low management 
levels comes from ICHISATs ,un-fa r r--,anaed trials. DuringHerwh 

1982 and 1984, the Stria hesi ar.,, AM' I qr'overt, and Economics 
Programs carried out 13 rWain'" her' ''''d . to determine the per

formance of advoncod cultivqrnin siX' C:'tO io BiuRina. The rials, 
each of which Ancl ded Noen coven and nine entries, used a split plot 

(1983) or split-split plot 11954; dasiE!. which screeneu the cultivars at 
two levels of manager'nt: h. Q.lo.in W 37: 21: 15 k:,'h') and low (no 
plowing or fertilizer'). In 1924 We Lr.alI d'sii'n als)i:c"'idid t.,'dates 
of planting. For both yeirs oo." were two replications for each treat

ment combination. 

the anin ie''i' rarely 

lar. Spearman rank correls tion tess showed that in or'nly two cf the 13 
trials could one safely rjecLt h, Will. hypothesis or no positiv,- corre

lation between the hig- lndlow reanm:-e nt rankints at. a p'cra'ility level 
of .05. These results re.inf'o'c the touio strictly 

The ranking of crtries at two r, mt woo sNO

nat by -'cing 

under high manpGe'ent beer s may ,i- 'y" t'',*--t'1c! )vcrlooking varieties 

with superior perforrancp undor gvater strss conditions. 

Yield Componnt.s. He analyzed the separate coaponnts of grain yield in 
an effort to more precisedy identify in which asoects the elite cultivars 
were deficient when strqssed by on-f'rm conditions. Plants per hectare, 
panicles per plant, and r in yield per panicle were caopared for each 
elite and local cultiva'' W using a tL.-t, to determine te si.nit'icance 
of mean ditferences. The analysis w,. don- separately lor the unfertilized 
and fertilized farmors' test pits. are surmra'iYis'd in Table 8. 

The dat- indicate tnt th mrjor I"imitin; factors for yieid among the 
elite cultivars were low ',ant stynd -od low nos:bers of panicles per plant. 
Depending on the particular titvar, 'o, pl.nt stand ws due to poor 
seedling vigor low si. , to jr,,ht ir= the nature ormore plants,, 
to a combination of both causes. The low nuer of panicles per plant was 
due both to poor head exertion under water and fertility stress as well as 
to genetic differences in tillering. it is equally clear', however, that 
the elite cultivars of sorchum had c-nsistently superior grain production 
per panicle, Oich in part offset the low overall panicle production. 

http:Fr'amrJ.da


Table 8. 	Comparison of yield componentz for etlite and local sorghum and millet cultivars, ICRISAT 
farmers 1 tests, Burkina, 19382-84. 

2
Unfertilized ploti 	 Fertilized plots

Plants per Panicles per Grain weight PLantz per Paicles per Grain weight 
Cultivar Zone Year ha plan- per panicle ha plant per panicle 

Sorghum 
Framida Sudan 82 +1 + S + _ + 
Framida Guinea 82 + + - + + 
ICSV1002 Sudan 83 + - + + -+* 

ICSViO03 Sudan 84 -+ - +* _ + 
82S47 Guinea 83 + +  _ +** + 
ICSVIO02 Guinea 84 -*  _**
 
SPV35 Sahel 82 + -	 + - + + 
ICSVIO02 Guinea 83 - + - -	 + 
ICSV1OU4 Guinea 84 .(
82S47 Sudan 83 - + - _*+ 
ICSV1002 Sudan 84 - - + _+ _ 
SPV35 Sahel 83 - + 	 +'* - _ 

Millet 
3 	 -* + .** _

Sahel 83 - -KMV


IKMV3 Sudan 83 ... - -* + 
IKMV3 Sahel 84 + - _ + _ 
Souna 3 Sahel 82 - - +* - 

1A positive sign denotes those cases where the elite cultivar surpassed the local cultivar, and negative
 
for the opposite.


2
Fertilizer rates were 
14: 23: 15 kg/ha in 1982 and 37: 23: 15 kg/ha in 1983-84.

3
IK;,V810i, 	8201, 8202 are combined for this analysis.
 
• , *and 	 *** indicate significance at the .05, .01 and .001 levels respectively. 

0 
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These results could reflect a possible bias in current selection 
methods. Due to the high management condi.ion provided to on-station 
trials (deep plowing, high fertility, immediate replanting of empty ills, 
frequent cultivation, etc.) the breeder may rarely observe such pro.,lems
 
as poor, establishment or poor panicle exertion on the research station.
 
Giving appropriate weight to relevent stress resistance characteristics
 
to identify these and other"rusticity" characteristics may well be
 
necessary,to se2ect against these deficiencies.,
 

SUMMARY AND CONCLUSIONS
 

................ This~briefreview-of.ICRISAT farmers!..test resultscarried out in...
 
Burkina Faso since 1980 shows that when elite cultivars are tran.5fered
 
off the research station, on-farm stresses severely reduce theii, yield
 
performance. Among some 7000 sorghum introductions screened by ICRISAT 
in Burkina, nine cultivars were found to be sufficiently promisLng in on
station trials to warrant on-farm tests. Of these only two cultivars
 
have been found to be generally superior under farmer conditions. Among
 
some 3000 millet entries screened, five cultivars have been advanced to
 
on-farm tests but no superior cultivars have yet been identified.
 

These results might have been anticipated as the product of an
 
inappropriate transfer of breeding goals and methods from the "green
 
vevolution" experience. In that experience, farmers essentially modified
 
their production environment to fit the new, end demanding, high yielding
 
cultivars. The same accent on yield potential under a substantially mo
dified high management environment effectively characterizes most crop
 
improvement programs in the WASAT. But for reasons described earlier, the
 
differences, particularly with respect to soil water holding capacity, re
sult in lower response and greater risk to the high plant stand and high
 
fertilizer approaches used in Asia. This reflected ir,part by fertilizer
 
use rates in the WASAT which are the lowest of any region in the developing
 
world. Major irrigation facilities are not now available and will probably
 
not be economical in the forseeable future (Matlon, 1983). As a result,
 
rainfed systems dominate and, when combined with the poor water holding
 
capacity of the region's soils, create a highly variable and risky cropping
 
environment. Finally, in most areas of the WASAT population densities are
 
still a fraction of rates observed in Asia. As such, factor price ratios
 
and poorly defined land tenure systems combine to guide farmers toward land
 
extensive systems which discourage investment in land improvements. The
 
net result is that rather than modifying the environment, the majority
 
of small farmers fit a diverse set of crops and varieties into the variable
 
landscape by using low input land extensive systems with the goal of meet
ing subsistence needs while minimizing aggregate production risk.
 

Alternative Breeding Strategies in the Short and Long-Term. These diffe
rences demand a fundamental reassessment of the goals and methods used for
 
sorghum and millet improvement programs in the WASAT. To do this it is
 
necessary to clearly distinguish the time frames and target groups which
 
are relevant for alternative crop improvement strategies.
 

We depict the key choices graphically in Fig. 3. In 3a we have drawn
 
curves to represent three typical yield responses to various levels of
 
fertilizer. We use fertilizer level here simply as a proxy for various as
pects of improved management or superior environment. Curve I represents
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Fig. 3. Cultivar response curves 
and frequency distributions of management
 

levels in the short and ]org-term.
 

Nitrogen rates 
(kg/ha) represent a simplified proxy for broader management
 
levels.
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the local cultivar and curve II an elite cultivar which shows the
 
common type C cross-over trait seen earlier. Curve III represents the
 
desirable type A response curve relationship with the local cultivar
 
which we observed in a small number of cases. We have also shown three
 
levels of fertilizer: level 1 is the low current modal use rate at thq
 
farmer's level in the WASAT; level 2 is the rate at which curves I and
 
II cross; and level 3 is the rate currently employed on the research
 
station.
 

The current (short-berm) frequency distribution of farmers with
 
respect to rate; of fertilizer application to millet and sorghum is
 
shown in 3b. The pattern, which closely resembles the 3ituation in'.,
 
Burkina today, shows a concentration of farmers applying N at rates of
 
less than 1 kg/ha, but a strong positive skew with few "progressive"
 
farmers as outliers in the right hand tail. We see that only a very
 
small fraction of the farmers currently apply fertilizer to cereals at
 
rates greater than the cross-over point, level two.
 

This frequency distribution means that, in the short-term, elite
 
cultivars with response curves similar to II will be attractive only
 
to that same small fraction of farmers lying fo the right of point 2.
 
Continued development of such cultivars, without a simultaneous shift
 
in the distribution of farmers to the right, would ensure that adoption
 
rates will remain low, aggregate production impact negligible, and the
 
effect on income distribution adverse.
 

Broad adoption will occur in the short-run only for those cultivars
 
with yields superior to locals at relatively low technology levels, such
 
as for cultivars with response curves represented by curve III. This
 
can be accomplished by giving greater weight to stability in crop impro
vement programs through the development of cultivars with increased
 
resistance to major yield-loss factors, tolerance to poorer land types
 
and to drought, improved emergence, and moderately shorter cycle lenghts
 
(though with photoperiod sensitivity to give farmers some planting date
 
flexibility) for forced late planting situations. Although the impact
 
of this strategy would not be large, probably realizing aggregate pro
duction gains of less than 25 %, reduced production variability would also
 
be achieved.
 

It should be obvious that over the long-run major breakthroughs
 
in cereal production can only be realized through substantial improvements
 
in the physical and management environment of the majority of small
 
farmers; that is, through a shift in the distribution of farmers to the
 
right as per section c of Fig. 3. This can be accomplished primarily
 
through the development of profitable farmer adapted methods of improving
 
soil water and soil fertility on a sustainable basis, and by developing
 
extension and input delivery systems to more efficiently transfer these
 
new technologies to farmers.
 

Trends in exogenous economic factors generally favor those develop
ments over the long-run. Rapidly increasing rural populations will put
 
greater pressure on the land thus changing factor price ratios to
 
encourage the adoption of more intensive production systems. These
 
changes are already occuring in transitional portions of the WASAT.
 
Cereal deficits will also tend to shift real terms of trade in favor of
 
agriculture thus further favoring agricultural investment.
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Crop improvement programs have a critical role to play in accelerating
 
this process through the development of cultivars which are not only more
 
stable but which are also more responsive to improved management; that is,
 
by ensuring that the slope of curve III exceeds that of curve I. By
 
increasing returns to complementary inputs, farm level demand for inputs
 
will increase thereby providing greater economic incentives for both
 
public and private sectors to supply the needed materials and services.
 

However, given the extremely difficult physical environment and
 
generally poor current level of infrastructure throughout the WASAT, we
 

....must-recognize that-such-changes in management and infrastructure will be
 
costly, time consuming, and uneven across farm types and sub-regions. For
 
these reasons, in order to ensure broad adoption patterns in the long-term
 
to reduce farm-level risks associated with adopting new seeds, and to
 
achieve some production gains even in the short-term the development of
 
cultivars with type III rather than type IT response curves is and will
 
remain essential.
 

Finally, we note that while our recommendation to give greater weight
 
to stability criteria is important for, sorghum, it is particularly crucial
 
for millet. Due to the special role of millet in WASAT cropping systems,
 
improved management will come slower and will attain lower long-term levels
 
for millet than for sorghuml; that is, the shift of farmers from b to c in
 
Fig. 3 is substantially mori problematical.
 

New Approaches On-Station and On-Farm. Implementing this strategy requires 
new screening and selection procedures on the research station as well as a 
greater accent on on-farm research. Farm level stress factors which cause 
instability and response curve cross..over need to be measured and intro
duced on the research station at an early stage of selection. To do this
 
efficiently, greater a rELj i understanding is needed of small farmers' 
physical, technical, and economic environments. Systematically combined
 
with conventional selection under high management, cultivars can then be
 
identified as more or less tolerant to a range of environmental stresses,
 
and more or less responsive to improved management.
 

2
 

Programs to screen advanced lines on-farm also need to be expanded.
 
Due to criteria used in choosing research station sites and due to years
 
of improved soil management, the micro-environments of most research
 
stations fail to reflect representative farmers' conditions. 2 In these
 
cases, only on-farm tests which include variation in the key management and
 
environmental stress factors can validly characterize yield stability and
 
input response.
 

In both the Guinean and Sudanian zones where farmers have the option of
 
growing either millet or sorghum, millet is allocated to the most shallow
 
and less fertile land types; and, due to poorer response, it receives
 
significantly lower labor and non-labor inputs per unit area than the
 
alternatives, sorghum or maize. And in the Sahel where millet cultivation
 
dominates, lower rainfall and sandy soils create an environment where most
 
improved inputs are less economic and substantially more risky.
 
2Stations are often located on atypically good soils and/or near lowland
 
catchments to provide off-season irrigation capacity.
 

.1./.. 
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This approach requires an interidisciplinary effort in'volving spe
cialists in.physiology, plant protection, agronomy, food science, and 
ecoromics, as well'as breeding. The role of the physiologist is parti
cularly important since crop mechanisms for tolerance or resistance to 
the major stresses, and interactions among environmental stresses, are 
not yet adequately understood. Knowledge in both of these areas is needed 
in order to develop reliable and efficient screening techniques. This 
approach also requires greater work with farmers themselves at several 
stages of the breeding effort, not simply at the final stage of pre
extension screening. An early and continuing interactive relationship 
with farmers to define appropriate breeding objectives and to test con
cepts and materials-will 'redUde the-tirenecessary toarrive-atruly.. ..
 
adapted improved cultivars.
 

Finally, greater accent needs to be given to using materials of
 
West African origin. Because the local varieties already have adaptive
 
hardiness, it is more likely that higher yield potential with good
 
adaptation will be achieved in breeding programs which utilize the best'
 
local varieties together with the most promising introductions as parents.
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PRODUCTION SYSTEMS IN LOWER CASAMANCE AND STRATEGIES ADO"TED
 
BY FARMERS FOR THE WATER SHORTAGE
 

Joshua POSNER, 'lulumba KAHUANGA and Samba SALL ! 

For over the past fifteen years, considerable changes have occurred 
in the Lower-Casamance re;Lcn. These changes were largely due to rainfall 
shortage. The climatic characteristics changed the food situation in the 
region from oelf.-s-fficiencY to shortarc. For purposes of characterizing 
these changes formulating solutions, ISRA now, placingand sad3<'at the is 
emphasis on a 'ystrm of approich praticed by a regional team. This docu
ment examines farmer's strategies of idaptation to the drought and ana
lyses research theses taken up by t1., STLower-Cacasance team. 

Lower-Casamance is located in soutihorn Senogi. (Fi-. 1) . It stret
,ches over an area of 1,300 km' ',- the Soungroug'u ''aLey to the 

Atlantic coast. 1,Lcsm an administrative region in July 1984 and thus 
covers the ZL.fl.uinchor, Oussounye and ia7nona departments. 

Climate and hy ro]ogy. Lower-Casanance has a sub-Guine:a type of climate 
with a strong " aritime influencc and two seasons : a dry season from 
November to i:Lyand a rainy season from. June to October. The highest 
rainfalls arc. rcorded in Aurgust. 

The hydro].gr'c r-im' is dormin-ated by the sea due to a 'ory flat 
relief and the cuIrrert rainfall shorta. The coastal. part of the 
Casamane river extenispirland tc to 00 ai-and the salt water regularly 
rises The regi,aron t ' quite dense backwaters which 
encourage the r,'ed 01ci sa'!31y 

Cmii * The soils aon c e-'c y eo Ia'' plateau but- are sore sandy at 
the surface. Two type-s ot At- pt 'clominaInt: 

(1) 	 slightly desaturad r forra..itlc .oils ith a higher clay 
content in the sub'-mi 

(2) 	 tropical ferru,7nau. lhed and beige soils localized in the 
badly drained central Parts of the plateau. 

At the frin ,e of th' thalwe-s, the "bolongs" and of the river 
itselfthere are sandy areas (grey upland soils) which are temporarily 
hydromorphic con~ti uuin'. the preferred sites for palm-g3roves. Then there 
are the !owlands cf thu thalo-:s where the practice consists of rice 
growing in the rainy season and market c-ardeninv in the offseason. 

On t!*e major river led, tle last osition on the tocosequence, there 
are salt/ soils : tLe s-rips (par--sulphated-acid or suIp!ated-acid) and 
potentially zulphated-acid soils. Tt is the area for mangrove rice where 
cultivation depends on the extent of' flooding hy rains which helps in 
leaching te sols. 

1 	 Research team on production systems and transfer of' technologies. 
Sen-gaiese A-ricultural Research Institute (ISRA). Contributions made 
by Dr. Curtis Jolly and other members of the team are sincerely 
appreciated. Paper presented by Samba Sall. 

2 	 Current name of the region. 

179,A 



IFO APPROPRIATE IECHNOLOGIES 

H'Mauritaniq 

St Louis 

* Louga 

T h ies, Di outbelI Ia 

o 
or 
4.) 

Dakar 
, Kao!ick 

4 _Tambacounda 

Guinea '3issau 	 Guinea Conakry 

Fig. I. Senegal and Lower-Casamance (Ziguinchor region). 

Demography. The ru 5l poplation in Lo.'er-Casamance is estimated at 
261,000 inhabitants distributed over, almost 330 villages. The popu- 2 
lation is unvevenly distributed with low densities of 10 persons per km 
at the northeastern part of Bignona, 35 per krm at the central part 
towards Baila and over 60 inhaoitants per kin' in the southwest. 

The area 2s char'acter'izcd by . very youthful and quite mobile popu
lation, where about 45' of te inhabitants are under 15. Recent estimates 
indicate that ?0-40. of the act Joe later force engage in seasonal 
migration. 

There are two major ethnic groups 
(1) 	 the Diolas constituting an overwhelming majority (85% of total 

population) 're the'7sleves made up of -everal distinct sub
groups ( Liouf,Easea, For ny...) 

(2) 	 the Mandngur,-, a minority group (5%) with a marked influence 
in the ncrthern, nort eastern and around ZiguLnchor area. 
Several other minority tribes (Mncanes, Mandjak, Balante...) 
oricinate mainly fron Guinea ! issau 

1 	This figure was obtained by subtracting the total population of 
the region estimated at 36,200 inhabitants from the overall 
population for the Ziguinchor, Hignona and Oussouye urban centers. 
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Agriculture and animal husbandry. L,'wer-Casamance is basically an agri
cultural area. Besides tie area' rainfall regse, it occupies a major 
position in the S-enegalese agricu. tural strategv Groundnut, rice,
 
millet/Sorghum and maize constitute the major crops. At the moment, the 
government has directed efforto towards the development of rice Erc.ing 
especially by making use of anti snit dams ome structures madeaiod by 
farmers for the protection and desalination of .inds that csn be 
cultivated with riJce. (70,0t;_, ha) . 

Cattle in Lower-asamance in made up 0K ,ifi'tnt spec ies (,I'Dama 
cattle, sheep and caprinae of Mtc Guinea bred am wcll as pigs). There 
are very few horsey and donkeys. 

The herds of cattle are un iwvay distributed in tro three departments 
(84% at Bignona, 9' at Ziuinchor and ', at Oussouye) . The modes of 
orgpnization and management viry frcm the north to the south of the 
region.
 

RiliiFALL :lHORTAIE AND ITS PPLICATiONS 
FOE A\CICULURAL PRODUCTION IN LOWEB-CASAMANCE 

Rainfall shortage. in Lower-Casamance, there has been a considerable 
reduction in aintall ever the past 20 years as in the other regions in 
Senegal. From 90 to 1960 the region was located on the average isohyet 
of 1,500 nnc. In the past ten years, average rainfall has decreased to 
1,100 m; at Ziguinchor. Tis average however conceals the wide inter
annual variations. if for the three departmnerts i.weare to dra a minimum 
rainfall line below which the cropping system could be jecrardized (Fig. 2) 
w.ecould count several very droughty years in the decade (five at Pignona, 
four at Zi( ainchor and seven at Oussouye). 

Trends in a ricultural production. We have examined the available regional 
statistics for the last two decades. There were considerable fluctuations 
in rice production with a declining trend between 19' 1-100' and 1977-1980. 
Similar trends characterize millet and sorChum. Only maiz:e showed a sus
ta±ned growth between 1970 and 1922 (19% annually). The reduction in 
rainfall caused a salination of rice fields particularly in the southern 
part of the region. Farmers had to modify their cropping system which 
was formerly based on aquatic rice farming. They accelerated agricultural 
colonization of plateau lands where they developed cereals for consumption 
and groundnut as a cash crop. 

Statistical analysis led to the following observations; (Table 1) 
(1) 	 both the cultivated area of land and total cereal production 

highly correlate with the rainfall ; 
(2) 	 the effect of rainfall is much more noticeable on rice fields 

and rice production (Bignona, Oussorye) than on other crops 
(3, correlation between prnduction and rainfall is lower for 

groundnut, millet and sorghum. 

1 The region has a PIDAC (Integrated Agricultural Development project 
of Casamance) development project financed by USAID. PIDAC specializes 
in all rural environment activities including technical control and
 
guidance.
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Table 1. Simple correlations between the rainfall readings and some agricultural statistics, 
Ziguinchor region, Senegal.
 

Departments (1963-1983) 

Statistics I
Bignona Ziguinchor Oussouye Region
 

Total cultivated area C 63++ 0.15 0.59++ 0,84+++ 
Rice area 0.71--++ 0.14 0.59-+ 0.83-i++ 
Groundnut area 0.42 0.49+ 0.14 0.69++
 
Millet and sorghum area 0.36 '.050.06 0.49+ 
Cereal production, t 0.62++ 0.05 0.53+ 0..8,++-

Rice production, t 0. 75+++ 0.18 0.544- 0.85+++ 
Groundnut production, t 0 .52 0.16 0.15 0.63++ 
Millet and sorghum production, t 0.!4 '.11 0.004 0.34 

1 The overall statistics of the Ziguinchor region have been correlated with annual rainfall at Bignona. 

This department supplies between 50 and 75 of Lhe regional production. Source : DGPA, Ziguinchor. 
** and indicate significance at the 0.05: C.,! and 0.001 levels respectively. 

, 

I



184 APPROPRIATE TECHNOLOGIES
 

For these crops, varieties used by the farmers are able to complete
 
their cycle even in dry years. Other factors such as the availability of
 
groundnut seeds and insect attacks on millet seem to be more influential
 
on production.
 

Observations on the rainfall shortages and correlations with culti
vated area and agricultural production are sumarized in Table 2. If we
 
examine the two extreme areas over a peri.od of 20 years, we observe d 
very remarkable reducLion in total cultivated area (53/,, at bignona and 
65% at Oussouye). This reduction particularly affected rice. reducing 
by about 11 of the total cultivated area at Bignena and by 77% at 
Ousouye. Food production was therefore affected. These areas that 
recorded surpluses in 1962-1963 (over 100 kg per capita at Bignona and
 
over 181 kg per capita at Oussouye) are now facing shortages (Bignona
170 kg/capita, and Oussouye-21 kG). With the present circumstances it
 
has becomc very diffizult to remove such a deficit with the sale of 
groundnut as the only cazh crop in the region. 11ice importations to 
Lower-Casaimance increased from 2,000 to 3,000 t between 1960 and 1965 to
 
almost 30,000 in 1982/83 (DGPA, 1903).
 

For purposes zf arresting these different changes occuring in the 
area, the government of Sene;al decided to strengthen ag riult',ral re
search by creating a research team for production systems . .ne mandate 
of this research team is to get in touch with the farmer to understand 
his objectives and constraints so as to propose different research and 
development strategies. These strategies must Ue directed towards specific 
zones or agricultural . i.,,ations. 

AGRICULTURAL. SITUATIONS IN LOWER-CASAMANCE
 
AND STRATEGIES OF FARMERS
 

Agricultural zones. Even if Lower-Casamance is a small area dominated by 
a 	single ethnic group, production systems and their organization are still
 

very heterogeneous there. Accodingly the region has been divided into
 
agricultural situations taking into consideration specific characteristics
 
of each zone for purposes of eventual formuaations of' recommendations
 

(1) Division of labor between sexes : among the Dioulas from the 

south and northeast, men specialize in ploughing whereas women 
engage in rice transpiantin and harvesting. Among the Mandingues 
and the Dioula "mandingues" division of labor between sees is 
more pronounced and is based on the toposequence : men cultivate 
on the plateau, and women cultivai2 rice on lowlands. 

(2) Proportions of' land under emerged cultivation/flooded cultivation 

with the southwestern/northeastern rainfall gradient one moves 
from zones where aquatic rice growing (transplanted rice) is a 
dominant activity to zones where plateau farming is by far- the 
most common. Surveys carried out durinr the last three years 

1 	The first team began its work in March 1982 at the CRA in Djib6lor.
 
After some exploratory surveys and the classification of the area into
 
agricultural zones, different research themes were initiated. The team
 
now comprises two agricultural economists, two agronomists and a zoolo
gical scientist.
 

2 A term used for the Diola grours having undergone the cultural influence
 
of the mandingues (political and regious domination) in the past.
 



Table 2. Tred of mean agriculturallproduction fur 20 years in ihe Oussouye and Bignona Department,
 

Ziguinchor region, Senegal
 

Statistics 


Rainfall, mm 
Total cultivated area, ha 

Groundnut area, ha 

Millet/sorghum area, ha 

Rice area, ha 

of area cultivated with rice 


Groundnut prodiction, t 

Millet/sorghuT.production, t 

Rice production, t 

Cereal deficite, kg/capita 


1962 and 1963 


1,257 

76,751 

30,225 

20,970 

22,975 


30 

28,078 

16,013 

31,299 

+ 100 


1 The 1962 and 1963 data are furnished by DGPA-Ziguinchor'. 

(Regional developnent unit)
 

Bignona Oussouye
 

1983 and 1984 1962 and 1963 1983 and 1984 

784 1,450 1,049 
35,969 12,699 4.005 
21,619 718 772 
7,722 100 -
3,995 11,OO 3,084 

11 36 77 
23,901 646 658 
5,119 60 -

2,665 12,100 3,450 
- !70 + 181 - 121 

The 1983 and 1984 data are from SOMIVAC
 

- The cereal deficit is calculated on the basis of cereal production and total population in
 
each department. Cereal requirements are estimated at 200 kg/capita according to FAO criteria.
 

"a 
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have shown that cultivation on the plateau represents less than 
60% of total area in th'e southwest ;hereas in the north, the pro
portion is over 801. The proportion of time dcvoted to work on 
the plateau :'efles this division of labor : 65% in the north 
and 46% in the south. 

(3) Utilization of ox ,.action : the dGrwe of adoption (J ox trac

tion introduced a di erentiation in th" iA''r. system in Lower-
Casamance. More than 9'-' " e area on t1e.'1Lt ir the 

Sindian-Kaloun ys zone fnor thaic;t) and 50' in the vii:ges of 

Fogay-Combo (north) are tilled with a pluuqn. Tillage with oxen
 

n ':oewm Shis almst A "o' 

s

Fig. 3 i.llustrate- t: N're '-ricaltuval a'.n. 'i 

Casamunce. This grouping oxcludes theoparac.y pspula'd''ol, tal isls.-? 
and the southern small border Crwies near uine ' mau whe,"e an itinorant 

foreost agriculture in practice".'d In:' cN'irr' .. we0 . t ' adopted, 
wi].l always rot'or to two 'u'pz of ai,'i'cult.ral :. hosc, of the north 

(Sindar-Kalcunayes and Focny-Combu! nod too. south. (Oussuuye). 

Recent rainfall trend -,,.4) Before aki'ng rn nommunt on farme'rs, 

strtet i - resnarn deployed by the w'ystems team, it would bets'-re' 

necessary to examine the cumulative trend of rainfall in a northern and a 
southern ,ite dupLng the past three sa.asons. This ,ives ,tclear picture 
of the cropp ing soason in the north ard the south. 

It could be observed, in the frst place that tihp rains begin in the 
north (Wouiandor) before extcndin; to the scuth ,Lo-di :-..of). In 982 
and 1983, the rains beCys in the third dtcade of MIay ir the north, but the 
southern area hal rains] in the scod dcwdo of Jun. Poth in the north 
and the south the overall mean rainall for the three years uas belovi 

normal if compared wivh raint'all re ils 'cr the pa..t - yes. 

At Boulandor, W I.l amount of Pains in the trirce rainy seasons varied 
widely. The ,9,season was the most dry with less than 600 mm of rain. 
From July 20 to '.'agust LO only 60 mmTof' rain was recorded. Total amounts 
of rains recorded in 1982 and 1984 were almost equal 1,d 15 and 944 am) ; 
moreover in June and July 1984, critical months for cropping and weeding, 
cumulated rains exocoded 1983 rains Cot the same months (562 m vs 208 mm). 
Such an incur-annual variation in the rainfall pattern obiiges farmers in 

the northern lands to concentrate more effort on directly sown crops with 
quite early sowing dates. They place little emphasis on aquatic rice
growing. 

On the othe.-r h-nd, at Loudia-(un,!of, there was- very little inter
annual. rainfall variation in the last thrc years. This holds for both the 
accuunimulatd total ani montIlv H.tribution, in 19'(2 and 1983, heavy rains 

in the third decade' ot Aust 1(the-slope of the ,ur'w. suddenly becomes 

sharper in Fig.4) heped in fi ling thbe border strip which thus determines 
the right time for transplanting the rice. If there are sufficient rain
falls thereafter in September and October, (mean of 317 i. for the last 
three years), one could uxpect a normal harvest. The Oussouye farmers 
speculate on this rensoning whereby the rains begin in June, followed 

1 The rainfall readings were respectively 232 and 212 mm in 1982 and 1983. 
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ZONE, I Social organization of work-Diola Type, absence of animal traction and predominance 
of tr,'nsplanted rice. 

ZONE I Same type of organization as in Zone I, but with a relatively signil'icant plateau cropping 
and direct J-owing of rice. 

ZONE III Social organization of work-Mandingue type in the east, but intersected in the central 
and -estern parts by Diola villages. Animal traction is not widespread and airect sowing 0 

of rice is quite significant. 
ZONE IV Social organization of work-MIandingue, animal traction quite developed, plateau 

farming very significant. 
ZONES V Social organization of work-Diola type, animal traction developed and aquatic rice 

growing relatively important. 
CARONNES ZONE : Martitime not covered by the SPT team. 
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by heavy rains between end of August and early September and then an end.
 
of rainy season with abundant rains to gather the hope that aquatic rice
 
growing will be a success.
 

Fa,7mers' strategies. The major objective of Lower-Casamance farmers is
 

firstly to produce a sufficient quantity of cereals for self-consumption 
_ 	 and-then to.obtaina.surplus,.thatcould be..marketed (opinionsurvey made 

by the Production and Transfer Systems team in 1983). Since the past 
fifteen years many of the farmers have been facing considerable food 
shortages resulting from the reduction in rainfall. Surveys conducted.in 
1982/83 and-1983/84 in 10 villages dispersed over the whole region, have 
revealed that with-respect to performance in cereallproduction, only two 
villages had achieved the stipulated mark of 200 kg per capita per annum. 
Recent studies have demonstrated that for a family consuming a regular 
daily ration (besides unusual occasions such as festivals, dinners and 
visits by strangers) the available quantity of rice gets exhausted within 
six months after harvesting (Jolly et al., 1985). Farmers make up the 
difference in consumption mainly by buying white rice. 

Even if on the whole, different farmers are observed to have similar
 
motivations and preferences, it is still found that farmers' available
 
resources and opportunities differ from one.agricultural situation tq the
 
other. Population density for example is over 60 inhabitants per kmc in
 

the southwest whereas2in the north and northeast, the figure is not above
 
15 inhabitants per km . Consequently they have to deploy different stra
tegies to attain identical objectives. One element of difference in
 
these strategies is the possibility of acquiring land on the plateau.
 

The abundance of plateau lands 2 and the use of farming practices
 
facilitating the exploitation of these lands enabled farmers at the nor
thern and northeastern areas of the Casamance river to adjust to the
 
current drought cycle by putting more emphasis on groundnut, millet and
 
maize cultivation. On the other hand, in the southern part of the river
 
where access to emerged lands is relatively limited, farmers have imple
mented strategies based on the intensification of suitable rice fields,
 
the development of market gardening and picking. Between these two
 
extreme situations, there is an intermediate zone with a more or less
 
"restrictive" production system because farmers have less suitable rice
 
fields than in the southwest and less plateau lands than in the north.
 
The production system of the Mandingue Diolas in the Sindian-Kalounayes
 
area is essentially based on plateau farming. This system gives some
 
advantages that enable farmers to adapt easily to a situation of scanty
 
rainfall :
 

(1) the system orginates from the Mali plateau where farmers have
 
been familiar with millet, sorghum and maize for a long time
 

(2) farmers in this area have long-dated experience in animal
 
traction and this partly explains why larger stretches of land
 
are farmed than on the southern part of the river ;
 

(3) agricultural farming is generally organized on the basis of
 
compounds with sevoral households and there is the possibility
 
of vobilizing a large number of people (seven to nine per farm)
 

1 Minimum standard set by FAO.
 

2 	It is estimated that there are over 150,000 ha of cultivatable plateau
 
lands in Lower-Casamance and that about 20 to 30% of these lands are
 
cultivated presently (SOMIVAC, 1985).
 

http:conducted.in
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as soon as the rain& begin in June. Almost concurrently, all ac
'tive household members are deployed for ploughing (men on the 
plateau arid women on rice fields) thereby helping to accelerate 
the tempo of the cropping process. Moreover, diversifications 
on the plateau di mini.h risks :in production. 

The agricultural time-table in the northeastern zone (Fig.5) illus
trates the broad outlines of farming systems implementation among the 
Mandingues-Diolas. Maize is sown along with the fi-st July rains on 
compound fielis. Plateau ploughing begins just aftar clearing. Thus 
involves traction using the UCF plough (or the ridger). Millet is firstly 

sown (dry sowing on ridges) ; this is followed by groundnut sowing. 
Almost at the same time the women move down to the valleys to cultivate 
rice on the lowlands. Here they undertake all the farming operations up to 
the harvesting period. From then on, labor peak would Ue in June-July 
(Fig. 6).
 

All the active household mc mnars ar" mobilized between June and Sep
tember and they accordingly .er 7W' of' the total labor hours required 
for the cropping season. According to ,explanations given by farmers, it 
is only at the end of September that they are anle to appreciate the suc
cess op. failure of the campain depending: on rainfall distribution and 
the possibility that they had in alleviating labcr constraints on farms 
(S.all at al., 1983). 

The so-called plateau s tratogy applied by farmers at the northern 
side of the river is characteriz'ed by two ma or approaches 

(1) particular interest in early sowing and 
(2) intensification and diversi-L'ication on the plateau. 

The desire for' a rapid implementation of the campaign i.:manifested 
in respect of both the plateau and the rice field. In connection with the 
plateau cultivation, there is a general tendency to carry out sowings before 
end of June. This was the case in 1983 (droughty year) when all the fol
lowed-up maize and millet farms were sown towards the third week in June, 
and in 1984 (more or less rainy year) when over 80% of these same farms were 
sown before the 10th of June (Fig. 5). In some cases such as Boulandor in 
19H4, early groundnut sowings were effected with the seed drill on plots 
that had not been tilled. On rice fields, direct rice sowings on the low
lands by women, is an adaptation to the drought particularly in villages 
like Boulendor where 84 of the 90 plots of rice followed up in 1984 were 
transplanted 10 years ago. At Medieg, 17 of the plots directly sown today, 
were transplanted less than 10 years ago whereas the rest (62 out of 79) 
were aquatic rice growing plots before 1973-74. In practice, direct sowings 
of layer or sheet rice in the north take place around mid..July because the 
soil on the rice fields is heavy and requires precipitation of 100 to 200 ma 
before it can be easily wo'!,'ed to ensure a good emergence. There is also 
the new technique of dry .il tillage (shallow ploucfh ng by women) from the 
month of May, the use of early varieties of rice and the introduction of 

1 There are some empirical pruofs of the strong correlation between the date 

of early sowing and yield : Sail's work (1981) at Mampalago is an example. 
In 1984 a study carried out by PIDAC as part of the "quartered hectare" 
program using an econometric model, indicates a loss of 140 kg of maize
 
per week on farms sown after June 15 in Lower-Casamance. 
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the seed drill on rice fileds as a practice reflecting the same desire for
 
an early launching of the field season so as derive benefits from the cons
traints posed by the current climatic characteristics (rainfall shortages
 
and short-lived seasons).
 

The effort towards intensification and diversification is reflected 
in-the emphasis-placed-on certain farming practices. In'this way, the........ 
manuring of millet and maize plots by folding has become a common practice 
in some villages even though it was for rly rare : 30% of followed-up 
millet and maize plots in tle Sindian-Kaiounayes area and 15% in Fogny-
Combo were manured by folding in 1983-84. Further northwards, as is the 
cpse in Toukara, rice growing has been completely abandoned since the past 
five to seven years, in favor of other cereals. Women are redeployed on 
the plateau where they cultivate individual groundnut and sorghum plots. 

Generally, the "plateau" strategy in the northeast is based on a more
 
sustained exploitation of plateau lands as reflected in the increasing
 
demand of farmers for animal traction equipment. In effect, the results
 
of a recent survey indicates a strong association between the presence and
 
use of animal traction and the larger farm sizes on one hand, and on the
 
other hand the use of animal traction and higher daily incomes (Annual
 
report, 1983-84, Production Systems team)
 

Rice field strategy. The production system commonly encountered in Ous
souye, some coastal villages in Blouf and the Ziquinchor area towards the
 
west orginates from the muddy areas in Oussouye. The system is essential
ly based on aquatic rice growing (transplanting' Division of labor
 
according to sex is comolementary because the men .;cek on both the rice
 
fields and the plateau, with the women concertrating on harvesting and
 
rice transplanting.
 

Major prospects of this originally Diola system are the following
 
(1) Abundance of lowland rice-fields with high clay and organic
 

matter contents due to considerable manure deposits, and hence
 
the possibility of an intensive rice monoculture.
 

(2) Flexibility in the agricultural timetable due essentially to the
 
importance of transplanted rice in the farming system. In effect,
 
after the end-of-cycle tillage, the most strenuous labor activity
 
is transplanting ; since the latter only takes place in August-

September a considerable amount of labor would still be available
 
for the activities to be carried out at the beginning of the
 
rainy season (June to mid-August).
 

(3) Presence of several easily flooded low lying areas and the Guinea
 
type of forest ecology (at Oussouye) helps in diversifying extra
 
curricular and non agricultural activities.
 

Here, the field season begins slowly with some groundnuts and some
 
rice nurseries ; it normally ends towards the end of July. Tillage is
 
carried out using the "cayendo", a traditional manual instrument for making
 

1 	Well-equiped far!ns in Boulandor have an average area of 6.75 ha. At
 
Medieg where therp is a small quantity of-such equipment, the average
 
area of a farm is 4.2 ha. In these same villages, labor productivity is
 
770 FCFA/day for farmers using animal traction and 600 FCFA/day for
 
manual farming.
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ridges ; the tilled areas of land are therefore limited. With the floo
ding of rice fields in mid-August and September, the til-age and trans
planting ot' rice fields are the dominant activities leading to a maximi
zation of the dema.nd for, labor (Figs. 5 and 6). 

The system in the southwestern area i efiicient when rainfall is 
"normal" (a minimum of 1,300 to 1,4O mm) and the flooding of rice fields 
occurs just at the end of August. In effect bMfore the present drought 
cycle, this system used a highly intensivp labor input in rice growing 
and the productivity of l,abor sufficed in Mai,.ainint; a population density 
of 65 inhatLitants per Wr (Lhiares, '01). 

With the current climatic constraints, rice growing farmers in the 
southwestern area Mn-e an increasing expinRtitlton of the labor surplus and 
the flexlyility inherent in the system throuch a 'cries of observed accom
modations . In the f'irst il n, the end of cycle tillage is more and more 
reduced due to the drought. This is lecuse the oil gets hardened after 
the December-January harvest. Even though hs prmctice vas formerly 
common, in 1984 only 28 of folilowed-up plots in Boukitinge and 0.08% in 
Loudia-Ouclof were tilled at the end of the rainy s,-ason. 

Furthermore it is observed that the cultivated arw2 or land on the 
plateau depends on thu impression or farmes with respect to the commen
cement of the season. 

When rainfall is low in June and July, as it 'a in 1983 (375 mm), 
73% of followed-up farmeps increased the size of thoir groundnut plots 
by almost 30%. In 1984 (rairy year with 475 mm of rains in June and 
July), 75% of farmers on the same farm sample reducd the nrea of their 
groundnut plots so as to devote more l.bor to aquatic r'i c production. 

Again, farmers must necessarily hiv, to wait until the border strips 
are flooded to determine the numb' of rice fields to transplant. This 
offers them the possibility of savi'ii' labor and concentrating their effort 
on suitable rice fields (inundated and desalced). The follow-up conducted 
within the past three years indicated that approximately 2/3 of aquatic 
rice f'ields have been thus abandoned. This selective approach constitutes 
an advantage to the culLivation of trnnsplanted rice as compared with the 
direct sowir:g of rice. Thus in 1983, 42% ot plots cultivated with layered 

.rice (sown in June;July were destroyed as against 30'X for the whole of the 
transplanted plots-, 

inally, depending on the nature of tLe raiay season and the availa
bility ,f rice fie-ds at different levels of the totosequence, the farmers 
establish their nu".t';es on a step by step basis and this helps in 

I 	The term "accomr'modation" for the rice-g'ow;-;ng l'ea in the south-west is 
preferable to the concept of adaptation used for the north because there 
is no sicni'icent change in the establishied production system, but rather 
emergency adjustments while waiting for the rainy years. 

2 Our analysis of the DGPA chronological series (25 years) actually demons
trate a significant correlation (0.59) between the size of area trans
planted and rainfall, and a slight and insignificant correlation (0.16)
 
between the raiinfall and rice yields.
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spreading the transplanting perod. Surveys we crried out in 1923 when 
the beginning of the rainy season wa. dr'y, indJcateth. 2 of th e nur
series were sawn in dune, 89, in July and i'.P uust. It wzls obat.rved 
that in the I .34 rainy aoaun rair fall in the season,with "ro earlier 
24% or the nuserie were .n i Jue, 5 in uIy and 18' ir Aupust. 

There are ho.ever some supateos of adaptation W rho d(i fht parti
cuilarly by way o' the i.t ' 

, 
a I ratin' rice ;'owin, W mpour'ce of
 

non agricul ural i .:omy , a.o t[, w.tn,,, oA' Y211 tl .i-, of v
tire hou's~hold iv.ab:,rs in zomc,:KIM~l Mipgen-'). A Ly! Jc.d CXaMP1.0 of
 

ts.f .ion stratuirs onoirmnrice Fields is by the MxIan'o'lak 
.
village lonat alori 1the eLth-astarn ca-t ofTWA in response to 

the rainfal: shortage ind w1ith a ry limited availat iliy of pla'eau 
lands, aquat. c rice growing hs become v intensive th, r.- (2-10'y man days/ 
ha) witn rican yield o ?,t' /ha.a 2,CoO 

Farmers givo L0 2n arid,ttUrtc'l'] anusry conside
rable quantitcs of manure to vice fPIAR (HAll at a., 1983). This Ws a 
general practice inLoudLa-Quolof and ioukiting ; at Tendimane, women 
also scatt.hor mmngo ' Fields.leaves ov:- i.ce 

Nun ;nyricuijurii und "WY.ra-agricultural" activ'ies (fishing, pic
king, palm wine and paJm co-hLge harvesting) and oft-seasonal market gar
dening currently constitute an important source o pecuniary income among 
the Diola farmers from the south. 

It has been demonstrated that in Lhe case ofC Loudia-Oucoluf and Bouki
tingo for example, income' derived frcm the whole of these activities 
represent respecively, 122 and 150% of'pecuniary agricuiturnl incomes 
from farms (1 eport of Systcms Team, 1984). R substantial part of these 
incomes is used in purchasing white rice dtcrinc he soudure or hunger 
period.
 

Adaptations in the transition zone. in view of its location north
wards of the river up-stream of the "boloents", Blouf receives less rains 
than the southwestern rice-fields (mean rainfailll for the three years in 
Tendimane is 765 mm compared to 1,067 mm in Loudia-Ouolor'). The farmers 
have very little aquatic lowland rice. 

They cultivate highland rice but the per capita ownership of Irice
.
fields is still low as compared to the situation in the northeast 

One of the conjequences of this situation is tie gradual adoption of
 
direct rice sowing on fields which were rerularly transplanted previously
 
and the progression of the system towards plateau agriculture. In 1984,
 
almost all the followed-up upland rice in .Uueland 20 of the 31 Followed
up rice fields in Tendim.ne were aquatic fields (transplarted) converted 
to direct sowing IC years before.
 

Since the production system is basically the Diola type, the concern
 
of the Blouf farmer is for the success of his rice cultivation. From then 
on the, strategy he adopts on the plateau is determined by the type of' rice 

1 Rice fields o,,.ned per capita is related to the approximate population 
density of 20 to 25 inhabitants per km- compared to the density of 10 
to 25 inhabitants per kA & in the northeast. 

http:Tendim.ne
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field he is handling. In Suel for example where the rice fiels are on
 

highlands and are sandy, the farmer prefers first of all, tc, finish weeding
 
and ploughing his groundnuts before moving down to plough the rice fields
 

with an expected lower yield.
 

At Tendimane where the rice fields are more clayey and have a certain
 

potentlal for yields, men alternate their time-table between the ploughing
 

of groundnut fields and the ploughing of plots for upland rice.
 

The plateau strategy is mainly based on millet; which was adapted only 

V_*. recent!y. Millet cultivation is beginning to compete with groundnut on 
* the market and is gradually find1gt i.. 

' long time been dominated by rice . Another means of adaptationto the 
drought (not extensively documented) is youth migration to cities. The 

rate is around 40% in some Blouf villages. The migration reduces the 

number of individuals to be fed and in some cases constitutes a source of
 

farm income through the transfer of the savings from migrants back to
 'relatives.
 

Characteristics of northern and southern farms. The strategies that
 

we have just outlined are part of a gradual scheme implemented by production
 

units with quite distinguished characteristics existing between the north
 

and south of the region. We are going to examine their essentia. elements
 

(Table 3) before analyzing research efforts under way. The farms in the
 

north are big from the point of view of the number of laborers and the
 
total cultivated area. The former is explained by the social organization
 

of work among family groups (a big compound for several households under
 

the authority of a patriarch) ; the latter on the other hand is related to
 

the use of animal traction. The household has an autonomy in agriculture
 

and therefore it corresponds to an agricultural farm unit in the south.
 

The number of labor hands is reduced (two to five) and the use of manual
 

tools (Cajendo) for ploughing limits the total area of land that can be
 

brought under cultivation.
 

In the north, there is a greater demand for credit for th( purchase
 

of equipment and materials (ploughs, seed drills). Emphasis is placed on
 

groundnut which is a cash crop. In the south, farmers contact the develop

ment organization to seek farm credits (fertilizer in particular) and to
 

make a demand for the rototiller to plough their rice fields. Emphasis
 

is placed on rice for self-consumption.
 

The farm units in the north have more than 80A of their land located
 
on the plateau and devote a considerable proportion of labor, hours (65%)
 

to such plateau farms. At Oussouye, the farmers cultivate 50 to 60% of
 

their lands on the plateau but only devote 46% of labc r there.
 

This allocation of labor between the plateau ar. the rice fields and
 
the nature of farming practices established in each zone explain the ,
 

essential differences in crop yields. With regards to maize, the limiting
 
factor is the use of manure. In the north, the compound fields are manured
 

by folding and this hielps to obtain yields up to almost:,one t/ha.
 

1 	The area of land cultivated with millet in Tendimane which was 7% of the
 

total in 1982, reached '2% in 1983 and 16% in 1984.
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Table 3. tGharacteristics of lfarms in the northern and southern part 
of Lower-Casamance
 

Farming in
 
the north 
based cn
 
plateau Farming in the south 

Characteristics cultivation based on rice growing 

Afierago dimnsircn of' 
farm, ha 	 6.21 1.55
 

Average number of' 
labor hands por farm 7.2 	 4.1 

Percentacc of Land 
farmed on the plateau 86 59 

Percentage rf laber 
hours devoted to plteau 
farming (millet, groundnut, maize,) 65 46 

Percentage of' labor 
hours dCvoted to rice 35 54 

Yields, kg/ha 
Mai ze 	 838 221
 
Groundnut 	 954 621 
Millet 	 539 -

Rice 	 1151 888
 

Percentage of total 
income derived from 
non agricultural activities 20 59 

1 	These data are obtained f',om surveys carried out at Boulandor and Medieg 
considered as typical northern villages and at Loudic-Cuolof and 
Boukitingc typical southern villages. Aart from percentages of labor 
hours c l]ulated over a period of two years (1983 and 1984), the data for 
other itams are mean values calculated over three years (agromic 
follow-up). 
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On the
At Oussouye, manure and cattle dung are reserved for rice fields. 
average 1/3 of such rice fields are treated annually. With respect to 

'goundnut, weeding is a limiting factor of yields. At Boulandor and Medieg 

(northern villages) the interval between sowing and weeding is approxima

'tely 31 days on the average. At Oussouye it is 45 days. Groundnut yield 

is'loiw because of the use of local varieties, even though these varieties 
tolerate weeds. 

In the case of rice, differences in yield may arise first'and'foremost 

from the type of rice cultivated (upland rice in the north and aquatic rice 

. -~-in-the south)., and -from..the'lack-of wateron.formerly-flooded aquati.r~ico 
fields. This delays the transplanting,during recent years, in places like 

Loudia-Ouolof and Boukitingo. 

Yields are low also because of the ferric'toxicity and the excessive
 

salting of the valleys. Upland rice directly sown in the north can be har

vested with low yield in a droughty year. At Bouloum near Ziguinchor for
 

example the rice cultivation,system is transitional. The farmers are begin

ning to proceed to direct sowing of rice in the border strips which were
 

recently transplanted. Our results covering a period of two years indicate
 

that the yield obtained from directly sown rice, is slightly higher than
 

that from transplanted border strips (1112 kg/ha and 942 kg/ha respectively).
 

However, labor requirements on directly sown rice is much greater (264 man
 

days compared to 187 for transplanted rice).
 

Finally the difference between farms in the north and those at the sou

thern part of the river is traced to the relative importance of non-agricul-

In the south this contural activities in the creation of family incomes. 


tributionis almost 60% compared to 20% for farms in the north.
 

RESEARCH STRATEGIES 

This discussion is based on farmers' strategies of adaptation to the
 

drought as has been examined and analyzed since the creation of the Produc-

Even though it is not possible to
tion and Transfer Systems Team in 1982. 


comprehend and appreciate all the subtle adjustments made by the farmers
 

in reaction to the present drought cycle, the systematic moves have enabled
 

us ';o have a better understanding of their logic, motivations, aspirations
 

and the potentialities of the environment. After exploratory surveys and
 

the initial agronomic inspection of farm fields, we were able to outline
 

four majo)r research themes relating to the current preoccupations of far

mers in Lower-Casamance and the orientations of the Development Organization.
 

These strategies are diagrammed in Table 4.
 

As a reaction to the
Intensification of production on productive lands. 


present drought cycle, intensification efforts are concentrated by manuring
 

and moist lands down on the toposequence. Two complementary approaches are
 

used
 
(1) improvement of land productivity, and
 
(2) increase in labor productivity.
 

In the north, emphasis is placed on emerged cropping and the use of
 

animal traction and this helps in propping up efforts being made by farmers.
 

In connection with the improvement of land productivity, maize, millet and
 

upland rice fertilization trials have been carried out. Generally the doses
 

used are moderate (NPK at a dose of 52-18-27 kg/ha for cereals, and
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6-14-20 kg/ha for groundnuts). These doses seem to be profitable conside
ring the limited technical know-how of farmers and the current climati. 

conditions. Improved varieties of upland rice tested among far
mers could demonstrate their potential in view of their short cycle, their

tolerance to blast, rice diseases and farmers' tLeirappreciation of type

of grains. For example, DJ-12-59 and TRAT 133 have produced .3,350) and

2,700 kg/ha respectively in tariety trials. In the course of large scale
 
trialp, these varieties offered a yield at least 20% hjgher 
 than. local va
rieties. With r gards to labor productivity, agronomic followups and 
trials carrieu cut among farmers have shown that the major obstacle to an
increase is lentgth of between and r n sowing Aee 

val of time has t?-e effect of reducing yields from latjas cultivation.
 

the time .longer inter-

Mechanical weeding have conducted. thei Approtrials been In _absenc of 
priate weeding .2quipment, tho UCF )lough was successi'ull]y ue d thereby ma
kingf it possible to derive a 60%Xtime savings compared to rmi'l weeding by
farmers for, the same tevei of yi2ld. 

On upland ricc 'Lelds emphasis was placed on thO control of wreds by
use of ter icides ind rotw-croppirg. Tho advantage in the use of herbicides 
mainly lie: in the time sa%,Lngs made during weedingt (the period of time 
used in weeding can be reduced up tu 1/3 of the tie- normaEly required for
untreated plots) . The introduction o!' the seed drill on upland rice fields 
(the example of soulandor) makes poss i blo save tire teedinit to by practi
cing r'ow-croppi.ng (Ceoedn time is rcduc.:d ry in 'orison withhlt broad
cast sowing ). It ;,iust brenoted however, that thre are r:o -rvjrgs tmade in
 
sowing time per' se oe '-+osocast s1wing i 0ore rI to iJly done.
 

In the rice growirigr are- at tire sU thern part of the river, intensifi
cation through iproductivi irpro-'errant per vnt aremainly involvud com
pound fields. These are- c lesi! d o!as of land on which household garbage
is scattered. of -i. reservedPart Ihis ar for fruit treels in som" cases.
The efforts of the tean are conot.,,nratd en rn~ize and caIsava. 5e,sults
obtained within the Last two yeairs indicate that under r:ivorable conditions,
maize yield can be incre.as.d up to ',000 :-/ha. The considera,le rainfall 
in July and the resulting remporarlly hy'Iromorphic effect-3, tend to reduce
maize hecr~ura- oids.cf their toier nce for cochinals (Phanacocus manihot j
and l:.osaic virus, new a asswa varieties have ,rrforod well in preliminary 
trial. 

With rc,;-ds to -aIularly flooded rice fields (without any problem of
alinit and fe.4 :ity), intersificat os involves ferti] iattor: and 

inproeied a 'i s H resuts indicate1'cent that the D]-68-D variety has an 
average yieid of 2 t /ha representing a 54ipincrase compareu to the 
yield of local "ariet 

In th a'- nc,, ," 'nimal traction, carmors make u:se of more efficient
rnnual practices and improving; labor pruduciivity. Firm tests have thus 
demonstrated hat In the case of upland rice ficls and maize, ridging is 
faster and at an equal yield ridging makes it possible to have a better 
control o'er weeds than flat tillage. 
Diversificatiojn of the farmino system. This involves the introduction into 
tne agricultural time-table, of that be towardscrops could sovr.n the end 

1 Very soon a research unit on tree planting in villaes will be intiated.
 

http:r'ow-croppi.ng


Diagram of research strategies of the Lower-Casamance systems team.
Table 4. 


C
Retrieval of 


residual moisture abandoned lands
 
Utilization of 


Location intensification 	 Diversification 


Northern zone Soil productivity Increasing farming
 

concentrated -fertilization intensity ;
 

on the plateau MA, GR -sowing at end
 

-varietal per- of rainy season
 

formance UR va- SG, CP
 
rieties IRA! 133, -varietal perfor

DJ-12-59 mance CF ; varieties
 
NB (58-57) varieties
 

SG (V2, V6) 
0
 

Labor producti
vity :n 

-sowing-weeding
 
interval. GR, MA
 

-:,i n weeding 
-herbicides, row
 
cropping UR
 

Djibelor
 
-trial on toposestation 

quence; highland
 
rice fields MA,
 
SG, CP, SP
 

-salt leaching
 
trial
 

Southern rice Soil productivity 	 Reduction of far- Off seasonal
 

ming risks cropping ; SP
producing area, -compound fields 

-crops for filling -mid-Oct. sowings
concentrating MA 


on aquatic rice -fertilis. AR in deficit SF, CP hi hland rice
 

pruduction -varietal AR va- -varietal perform, fields
 

riety DJ-684D varieties -Jan. sowing 

-ridging SP (N1dargu) lowland rice 

NB (58-57) fields 

1 Abbreviations : 2 = maize ; OR = groundnut ; SG = sorghum ; CP = cowpea ; UR = sheet rice
 

SP = Sweet potatoes ; AR = Aquatic rice-growing.
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of the rainy season without over-loading the farmers' time-table. In areas
 
where farmers apply the "plateau" strategy, (northern villages), the objec
tive is to spread agricultural activities (increase farming intensity) with
 
crops that canbe sown just after the major task of groundnut sowing and
 
weeding (Fig. 5). Sorghum and cowpea conveniently fulfil this condition.
 
During',the past three years, in performance tests on sorghum, the V2 and
 
V6 varieties gave an average yield (950 kg/ha) three times that of local
 

, varieties (315 kg/ha).
 

When trials were conducted at a normal scale, varieties sown within
the period from August 1 to
t 	 1O, gave an equal performance in all cases
 

(average..yield -1,011 kg/ha as-compared-to-383 kg/ha).-- In-performance tests
 
A 	 on0cowpea (variety 58-57) sown between August 15 and September 1, the ave

rage yield was 775 kg/ha and 248 kg/ha for the local variety. 

The diversification in the southern rice growing area aims at reducing
 
the risk of farming during droughty years when aquatic rice growing does not
 
succeed. In effect as indicated above, transplanting is ojly effected at
 
the end of August or at the beginning of September. From then on, if there
 
is a rainfall shortage, it often becomes late for the farmers to sow another
 
crop to make up the deficit. It is in this vein that the team began to work
 
on cowpea and sweet potatoes in order to make up for the shortage. Results
 
over the past three years on cowpea (variety 58-57) indicate that an ave
rage yield of 496 kg/ha can be obtained compared to 103 kg/ha for the local
 
variety. Results obtained on sweet potatoes over a two-year period have
 
demonstrated that the Ndargu variety-sown on the plateau within the period,
 
from August 15 to September 15 can produce yields in the neighborhood of
 
5,000 kg/ha compared to an'average of 1,911 kg/ha for the local veriety.
 

Utilization of residual moisture on rice fields. This theme which is espe
cially applicable in the southern area covers both of the first two themes
 
(intensification and diversification). Sweet potatoes have undergone tests
 
in some Oussouye villages as an off-season crop cultivated just'after rice
 
harvesting. They can therefore be transplanted on the upland rice fields
 
in mid-October to complete their cycle by making use of the morning dew
 
and the rise in the capillary fringe (average yield 2,500 kg/ha). On the
 
other hand, in border strips with aquatic rice, sweet potatoes can only be
 
transplanted in early January and'need to be watered within the first two
 
weeks for the suckers to shoot before the completion of the cycle solely
 
be taking advantage of the rise in the capillary fringe (average yield of
 
4,200 'kg/ha).
 

Retrieval of abandoned lands. A substantial proportion of upland rice
 
fields both in the northern and southern part of the river have been aban
doned for lack of flooding because of the marked lowering of the water
 
table. Some lowland rice fields are over-salted by the water current and
 
the rise of the "bolong table". It is estimated that over 1/3 of rice ' 1 
fields 	which were formerly utilizable have been abandoned because of this
 

The objective of our intervention on abandoned upland rice fields was
 
to utilize such fields through the system of " ged cropping, whichhas
 
a moderate water requirement and which dea- Ctle effort in weeding.
 

1 Information gathered during exploratory surveys.
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This is the idea behind our trials on maize, sorghum, sweet potatoes 

and covpea at the Pjibelor station. On these abandoned rice fields, maize 

performed better than ii ce and as well, enabled savings to be made in wee

ding time. A year ap:o, sorghum and sweet potatoes were introduced into 

experimentation (sown on August 13) with a respective yi ,Id of 1,GO kg/ha 

and 3,300 kg/ha, which compares very favorably with 8d /ha obtained 

ft orn rice on the control plots. 

With resopect to salinized rice fields, the tams0 wrkng in colla

boration with a specialist in hydraulics for soil til!Age, th- spacing of 

the drainage ways and the control of the water tide which, could be techni

ques capable or facilitating the .eaching of salts. 

CUI 1ICJ tOIS 

Agriculture in Lowcr-Ca:mance is si dependAnt on rainfall trends 

even though the region has many undowmunt' . ;ct nc tlh, early 1970's, there 

has been a decreasing trend in rainfall coupled with a reduction in the 

duration of the rainy season. This situation is refIlected in major changes 

made within the local production systems. The general conditions of pro

ducLion have deteriorated and the siLuation of orci on tarms has become 

much more risky in some villages. 

In effect, regional statistics indicate a reduct. i or over 50",A in 

cotal cultivated area within the last '20 years. iiice preduc-tion decreased 

79.% in terms of total cultivAted area in the Bignona de iun. 

By making use of a systematic approach, the SIT t..r- HA, at Djibelor 

has underlined five different agricultuoral iation i Lower.-Casamance. 

Each of them presents some prospects facilitating nte dprtior or accom
as some zpeif.c. constraintsmodation to the present drough t cycle as well 

which call for localized solutions. in this document w,, have discussed two 

extreme agricultural situations tlho Sirdian-Kalounayo area at the northern 

the river Casamance and the Oussouyc area at the southeastern side.side of 
of view of th cropping system,The two s tunltiunz contrast Cramn the point 

the trends of the 3qric..tu"al time-table, the structure of the production 

current climatic conditions.units and consequently, nd2otations to the 
The agricultura]l research unit and the local development body must take 

in production sysinto consideration, these variations and differences 

tems to arrest this threat to rural development. There is no unique
 

solution to tie agricultural problems in Lower-Casamnnce.
 

The Production Systems team has researched these realities from 
unitsexploratory surveys carriuid out in 1982, surveys a.1de withini farm 


and follow-up of farm fields as well as aronomjc trials.
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IMPROVED SORGHUM PRODUCTION TECHNOLOGY IN NORTHERN NIGERIA: AN ASSESSMENT 

Thomas A. BANTA'and Samm BBUYEMUSOKE 

Sorghum is one of the'most important staple crops i,.Nigeria, and is
 
the most important cereal food in the Northern (Sahel, Savanna, and Guinea
 
Savanna) states (Anonymous, 1978b). The grain~ is made into :various local
 
foods and drinks, the leaves and grains go into livestock feed',nd the
 
stalksare used to construct fences and . thatch houses. Mor& tta', nd.
 
area is devoted to sorghum than to any other crop in the ..
NorthernGtinea
 

-Savna,Zone,_and. - 1-hcae fte.vrg f~iyad-olJn~ '.5 
he,tares is devoted to sorghum production (Norman, 1972).. " ' . . . . 

In the Northern States, sorghum contributes 73 percent of the total
 
calorie intake and 52.3 percent of the per capita protein int.ke (Simmons,
 
1976). The estimated weekly consumption of sorghum is 2.14 kg per, capita,
 
while that of millet and other cereals is 0.50 kg and 0.25 kg, resp.ectively
 
(Simmons, 1976).
 

Projections for the years 1975 to 1985 showed that sorghum supply
 
would continuously fall short of anticipated demand for the foreseeable fu
ture (Olayide, ,et al., 1972). This deficit problem is further aggravated
 
by the fact that sorghum is one of the staple foods not currently being
 

imported. Hence, in order to wipe out the deficit, there must be a signi
ficant increase in domestic sorghum production.
 

One way to achieve such a production increase is through the intro
duction of improved production :technology. Scientists at the Inst.tute for
 
Agricultural Research (IAR) have deve3oped and packaged such technology, at
med at rapidly increasing the yield of sorghum. This technology was dis
seminated through the Guided Change Project '(GCP). Under experimental con
ditions, yields:from the IAR package have been as high as 4,000 kg ofsor
ghum per hectare(Egbarevba, 1979). Under traditional technology, yields
 
are at best only about 1,000 kg per hectare.
 

However, it is not clear how economically,or technologically appro-.'

priate the adoption of the improved package would be in the context of the
 

traditional, mainly peasant, setting of Nigerian farming. This study exa
mined-the profitability of the improved sorghum production technclogy dis
seminated Under the GCP, its effect on farm income, the level of adoption
 
inithe study area, and the reasons for the adoption or non-adoption of the
 
recommended production techniques.
 

The GCP was a joint venture of the Kadune State Ministry of Agricul
ture and Natural Resources and IAR. It arose from the observed difference
 
between the performance of crops on the IAR,experimental fields and the
 
performance under farmer conditions. A research project was deemed ap
propriate in order to find ways of making farmers in the Northern parts of
 
Nigeria adopt the modern farming techniques developed at IAR. The propo
sed duration of the protect wau five years starting in 1974. The major
 

.The authors are, respectively, with the Cereals Research Progr.am and
 
the Farming Systems Research Program, Institute for Agricultural Re
search/Faculty of Agriculture, Ahmadu Bell, University, Zaria, Nigeria.
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objectives were as follows (Huizinga, 1977):
 
(1) to apply theoretical agricultural research to the problem of
 

oractical implementation of such research in a known environment; 
(2) 	to select particular aspects of technical agricultural research
 

which can be successfully introduced to farmers on the basis of
 
sound p-actical and theoretical socio-economic consideration. 

To achieve these objectives, the project tried to test three alterna
tive 	input provision strategies in three different groups of four villages
 
each, The testing was conducted in the Giwa District of the Zaria Local 
Government area. The strategies were as follows:
 

(1) a cash program: inputs were made availab,e to farmers in their 
villages at the appropriate time in the growing season; farmers 
could buy a package of inputs on the condition of cash payment; 

(2) 	 credit program: the facilities of the cash program were supple
mented by a cr'ed~t/gavings scheme, whereby farmero could obtain 
"packages" of inputs through a combination of advance savings 
and credit, or through credit alone; 

(3) 	 extension program: in addition to Lhe cash and/or credit facili
ties, farmer's also participated in the GCP's extension program 
to increase their knowledge abtot the prope- use of improved 
farm 	 inputs and practices. 

MATEf; JP.I3 I!D MTIOGD 9 

Table 1 shows the three alternative packages of improved inputs that 
were supplied to farmers. Table 2 shows the improved sorghum production 
recommendations developed by IAR for the project's ecological zone. These
 
recommendations were introtuced to Farmers by the Ministry of Agriculture
 
and the project staff. Table 2 also shows the corresponding indigenous 
practices in th- study area. 

Analytical tools. Gross margin analysis and linear progra.ing were used 
to study the profitability of the improved sorghum technology. Normally, 
gross margin analysis is used to test the effects of changes that do not 
alter the fixed costs of production, especially the cost of land and 
other durable factors. The gross margin of an enterprise is presented 
as:
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Table 1. 	 Improved agr'icultural:input packageu supplied to thu farmers by 
the GCP. 

Package I 	 akage II packiage III 

Two 50 kg [wo 50 KQ w 50 A; 

bags of suporphusphate ono ofr poo - hats of su erphhos

fertilizer PAt !ort . 1zq" ph.t ort i ] er 

One 50 kg Two 50 ki To 50 Q! 
tag of sulphate of bogs of sulphate oC bags of suiphte of' 

ammon ia fortil lyi.r ammnetia fertilizerammonia fertti zer 

Six packets or Al~rox Six packets ofSix packets of' 
ALdrux 'T' seu ' "seed dvhesoinhg Aldrex 'M' seed 

dressin .dress lo 

8.8 kg of shtort 15,4 k g0 shott .0 of improved 

Kaura seeds Kaura seeds 	 maize sed
6.6 k"q. K' 	 Mori. 
K'aurIn 	 cho r 

GM = TH -	VC 
Where 

GM = gross margin, 
TR = total revenue or value of output fror tho ,:rnt-0rpvise, 
VC = variable cost (i. . cos trt are soci to producing the 

output).
 

This was used to determ.i.ne the potentiCal profitability and ff'ect on far
mers' farm income of the improved orghum production la.ch,:liogy. This 

formula h "vdvant'eof as well in the analyg the being simple , as unufol 

sis of th profitability rn small 'v's that have smal] fixed costs, as 

is the ,:-se of the i'to jj . 
s not fgu

res on the optimur f'arm income resol., i I rom diffoerent Carm 1ivi'ties 

which are based on the far'mr's objective function and corstraints, Nor 

does it reveal the optimum cobination of activities consistent with 
available resources or the murrinal product or :'ourzes. It can

not be usei to ho, th, WeIAles of nh,.' . in Wrput ,d %outputprices on 

the magnitude W.ont tim rew,.. 

How-.var icni" o(04n , gro tq , nal'sis does fenerat 

T<. ,' M to iur'for th.se analyses,
 

a 1inea- proGrmirg mod,'i ,s o.pJle LO 'w prblu'', . e Linear pro

granrmrn odel t ook Ihc f, L . f,1''
 

Z in the level of farm in OM. ova the :'ctivities involved in the gene
ration of Z. These include crop production, labour hiring, crop selling, 
and home consumption activities. lome consumption activities are especial

ly important in subsistent nnd semi-subsistent comunities, Ci are the 
unit prices associated wLth the activities. The price: Of home consumed 

crops were assumed to be zero. The constraints and restrictions (Q]) were 

comprised of :&v le r'eso,.rcts transfer rows and th mrinimum household 

http:determ.i.ne
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Table 2. The improved and the indigenous sorghum production technologies
 
in Guinea Savanna Zones of Nigeria. 

Element Improved 	 Indigenous
 

Specification 	 Recommendation Practices 2 

1. Variety 	 Short Kaura Farafara, Kaura
 
(SK 5912) 	 Mori Yargunki 

2. 	 Seed dressing One packet of Chemicals were 
Aldrex 'T' of used when availa-
Fennassan 'D' ble at rate of one 

3
to three mudus packet to six rudus 
of seed of seeds, ash 7-

used for seed dres
sing 

3. Land 	 Ridges to be made Mostly sown on old
 
preparation 	 1 m apart furrous that are 

I m apart 

4. Time of 	 mid-May to early Highly varied; 
planting June 	 'May to July
 

5. Seed rate 	 11-14 kg seed/ha Average of 10.2
 
or three to five kg of seeds/ha 
seeds per 2.5 cm other 
deep hole 	 aspects were not
 

quantified 

6. Interstand 	 30 cr apart on 45 cm apart 
spacing 	 ridges that w ie
 

1 m apart
 

7. 	 Thinning Stands should be Stands thinned 
thinned to to two plants 
two plants
 

8. Weeding 	 As required As required
 

9. Fertilizer
 

requirements 
(i) Superphos-	 Manure mainly 

phate 150 kg/ha was 	used
 

(ii)CAN (calcium
 
ammonia
 
nitrate 250 kg/ha
 

1 Anonymcus, 1978a. 

2 Authors' observations. 

A mudu is a local unit of 	measurement in Northern Nigeria;
 

it weighs approximately 1 kg. 
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requirements of the home-consumed commodities.
 

Data. The gross margins of the improved sorghum production technolog, we
re determined using input-output data collected on improved sorghum pro

duction by the GCP staff. The data used to determine the effect of the
 

improved sorghum production technology on farm income were partly genera
ted by the GCP staff and by the authors. The data on the household far
ming model were obtained from the GCP files. The data on the overalL 
gross margins of 15 farmers who grew the improved sorghum ard the 15 who 
did not were collected by the principal author. 

The data used to analyse the adoption le,'els of the improved sorghum 

production technology were based on primary data _enerated on a sample of 
153 farmers taken from the GCP area in AuustI/[--ptembur 11O, 

RESULTS AID DISCUSSION
 

Gross margin analysis. The first analysis of profitability was based on 
30 experimental GCP researcher-managed farers' plots on which the impro

ved sorghum production technology was applicd. Close monitoring ensured 

that the package's recommendations were stri.ctly adhiorud to. Gross mar

gin analysis was used to determine the profitability of the improved sor

ghum package on each of' these farmers' pluto. 

Only one plot generated a nefative gross .artin. This plot had suf
fered from poor researcher management, in pitiL'.LOI from the inability to 
perform various operations at the appropriate time. Gross margins on the 
29 remaining farmers' plots ranged from 421A8 to ,,2N1 i9 per hectare, 

with an average of N482.81 per hectar. when input or ree: wen, subsildized. 

Without input subsidies, the average gross ,ar;n is N459.86 per hectare. 

This analysis is based on re'searcher-manaL:cd farmers' plots. To 
see how well the improved sorrhum pr.duct .n technology fit into the exis

ting farming system in th, study ares , linear ppogrmuing model was 
used in the conte:nt of tie farmers' resource constraints, family consump

tion requirerrents, computing onterpriscs and the objective to maximize in
come.
 

Linear programming analysis. The linear programming model was based on 

500 households, randomly selected from 973 households that were surveyed 
under the GCP. A household armiJng model was developed on the basis of 

traditional practic:es and the improved sorchum technology as us(,d by the 
farmers.
 

The most prevalent, crup enterprises, based en the frequency with 

which such crop enterprises were grown by the fsrrters, formed 10 of the 
32 activities. Srhim production by the improved technology was then 
the 11th crop prodclion activity. The labour hiring for each of the 

12 months comprisad 12 activities, while there were seven crop selling 

activities, and two 3ubsiotent home cornsumption activities. Maximum 

constraints were 1.0 K of land and 250 mn-hours of' labour per month. 
Cash for labour hiring and crop transfer rows were also in the maximum 

constraints column. Minimum constraints were put on home consumption of 

sorghum and mi!!e. 

The GCP-implemented sorghum production technology did not affect the 

farmers' income significantly enough for the improved crop to come into 

the optimal plan (Table 3). Instead, the farmers grew the indigenous 
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sorghum using traditional technology: 1.04 ha of indigenous sorghum in
 
mixture with millet, 1.12 ha in mixture with mill t and groundnuts, and 
1.26 ha as a sole crop. Thus it was more pvofittole to grow indigenous 
sorghum usinq traditional techniques than to grow the improved sorghum 
using the now technclogy. 

Table 3. 	 The linear programming optimal plan incorporating the improved 
technology as used by the farmers. 

Activities in Unit of Level of Frice/unit Net 
uptimm] plan activity activity of _ctivrtt Revenue! 

na - -

Indigenous sorghum ha 1.26 J; 16 -39.26 

Millet/indigenous 
sorghum ha .. 4 77..1 -59.66 
Millet!indigenous 

sorghum/groundnut ha 1.12 53.78 -60.34 
June labour hiring Manhour 2.42 0.06 - 0.21 

July labour hiring Manhour 4.19 0.06 - 0.25 
Sorghum selling N/kg 1,007.970 -0.58 587.04 

Groundnut 	selling N/kg 429.400 
 -0.74 	 317.41
 

Millet flling N/kg 122.835 -0.7 86.62 

Sorghum consumption kg 1,199.940 0.00 0.00
 

Millet consumption kg 619.940 0.0) 0.00
 

Total gross margin 
 831.35
 

1 The negative values in this column refer to 
the cost of crops production 

or labour 	hiring activities. The Pc3itive %alues refer to the returns 
from the solo of crops.
 

This result was further confirmed by the detailed examination of 15 
farmers that grew 7K 5912 (the improved sor:Ihum) aainot 15 others who did 
not grow SK 5912 in the 1980 farming seas-on . The to)tal farm gross mar
gin of the farmers who did net grow SK 011 was M14,946.80 while that of 
those who grew 2K 5512 was 13,005.49. A w:a-i eo ptr f",ir:rair'ss margin was 
thus associated with ir owing 2K 29 

Further, relevant data for sorghum production at IAF were built into 
the household farming model as an additionl (twe.lfth) ativity. Table 4 
shows the experimental sorghum production awtivity entering the optimal
plan at 1.16 hectares. Also, the average qross margin of Ni,247.1 per 
hectare associated with the 1A. sorghum production activity is more than 
twice that associated with the GCP implemented gap exists between the ex-

The sample was purposely chosen to comprise people whose main occupa
tion was farming. 

http:13,005.49
http:M14,946.80
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perimenta. research results and what is obtained at the farm level. Spe
 

cifically, unless farmer, follow the recommended technology as a package,
 

and not in parts as most farmers did, the new sorghum variety cannot be,
 

pr6fitable for them to produce.
 

of The
next two section's onf the study are devoted toanlsgthlee
 

ofadoption of the-improved sorghum production recommendations, and the
 

reasons for the farmers' failure to adopt then.
 

Farmer adoption of the improved sorghum production technology. The level
 

of-adoe'ion of the improved sorghum production recommendations (Table 2)
 

was obta'.,ed from the farmers. responses to the following questions:
 

(1) Do you know the .ecommended practice?
 

.(2) -Are you following'the recommended practice?
 

For each recommended practice, the level of adoption was expressed
 

as the percentage of farmers wi'b knew and were following the improved
 

practice out of the total number (153) of farmers in the sample. Table 5
 

shows the level of adoption of the nine inovations that were introduced 
in the study area. Of the 153 farmers sampled, 111 had participated in 

the GCP while.42 had n.ot taken part .n the GCP. The overall adoption le

vel of 29 percent is low, considering that the survey was made only,three
 

farming seasons after the GCP folded up. Even'among the GCP participants,
 

there was only a 34 percent adoption level.
 

The inovation that could be said to have been embraced by the far

mers in general was the recommended seed dressing, with an overall adop

tion level cf 84 percent. The recommended variety was the second most
 

adopted recommendation. However, this result was to be treated very cau

tiously, since no farmer grew only SK 5912 variety to meet his domestic
 

sorghum requirements during the year. The improved variety, whenever.
 
grown, was grown along with other indigenous varieties, possibly to curb
 
any risk and uncertainty associated with it.
 

The study also focused on the knowledge and adoption scores of the
 
imp-oved sorghum production recomrmendations. The knowledge and adoption
 

scores are the average number of the applicable inovations known and adop

ted by the farmers out of the nine inovations that made up the improved
 

sorghum production technology. A farmer scores one for knowing the ino

vation and zero for not knowing; one for adopting and zero for not adop

ting. For the 153 sampled farmers the average knowledge,~core is 3.3,
 

while the average adoption score is 2.5. This indicate (that only about
 

two of the nine recommended practices were popular with the farmers.
 

These observations led to an examination of the reasons for adoption
 

or non-adoption of the Improved sorghum production recommendations.
 

During August/September 1980 (as the farmers tended their fields),
 
the 153 sampled farmers were asked to give reasons for rejecting or ac
cepting each of the recommended practices. In cases where the farmers
 
did not know the recommended practices, they were asked reasons for fol

lowing their own practices. These reasons and the number of farmers that
 
had similar rea.sons are considered below.
 

Improved sorghum variety (SK 5912). The.S1>5912 improved sorghum variety
 

- was accepted by 63 farmers (41.2%). These farmers based their acceptance
 
on the higher yields obtainable from the improved variety. Thirty-five
 

farmers (22.9%) rejected the SK 5912 variety on the basis that its food
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Table 4. 	The Linear' Progranmming Optimal Plan after inlcluding the IAR ex
perimental sorghum production as an activity. 

Activities in Unit of Level -f Priceu/nit et, 
optima] plan activity activity of' activity Revenue 

hla 
Millet/ indigenous 
sorghum ha 1.037 57.31 -59.43 

W ilet/indigenouo 
sorghum/yr-?undnuts ha 1.073 53.78 -57.71 

Mii let/indi genuua
 
sorghum/groundnut/
 
cowpaa ha 0.020 65.70 - 1.31
 

lIAR sorghum
 
production ha 1.158 68.88 -79.76
 

November labour
 
hiring Manhours 12.52 0.06 - 0.75
 

Groundnut selling N/kg 400.954 0.74 296.71 

Mil lt selling N/kg 95.614 -0.61 58.71 

Cewpea selling N/kg 2.605 -0.72 1.88 

IAP sorghum 

selling N/kg 1,619.511 -0.55 906.93 

Millet consuption N/kg 619.40 0.00 0.00 

Sorghum consuMpticn k!7 1,199, 740 0.00 0.00 

Total gross nargin 	 1064.88
 

Table 5. 	Level of adoption of the improved sorghum production recommenda
tiow::, in the GCP ar(-. 

SamxiLje mi _____ ocommendat 	 age
decucri p:tion size i 1? 3 5 7 9 wre
 

Members 
of GCP III GO A6 4 15 5) 2 40, 34 

lNon-members 
of GCP 42 12 50 10 5 0 0 10 21 26 25 

Total 153 47 84 20 12 5 11 22 20 36 29 

1 Described in Tble 2.
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value is less than that of the local variety, and because they could not 

use stalks of the improvud variety, which were too short, for roofing and 

fencing. Twenty-four farmers (15.7%) did not accept the improved variety 

because they said it needs more fertilizer than the local varieties. Ni

neteen farmers (12.4%) did not grow the mproved variety because they did 

not find SK 5912 seeds readily available. Ten farmers (6.5%) said they 

would not grow the improved variety because ithas~a lower after harvest 

price (despite the higher yield) than the local varieties and because it 

does not store as well as the local varieties. Twofarmers (1.3%) refu

sed to adopt the improved variety because they considered it more suscep

tible to the weed striga than the local varieties. 

.. 	Chemical dressing for seeds. The seeddressing recommendation was ac

cepted by 130 farmers (85.%). Eighty-five farmer (55.6 accepte it
 

because they believed the dressing prevented seed destruction.by pests.
 

Forty-five farmers.(29.4%) saidthey'accepted the recommendation because
 

the chemical protected the'seeds and prevented the formation of the sor

ghum head smut disease. The reasons for rejecting the seed dressing re

commendation did not show that the farmers were-unaware of the usefulness
 

of the practice. Some of the rejectors said they had no money, while
 

others said the chemicals were not available. Only one farmer rejected
 

the 	recommendation out of ignorance.
 

Land preparation. Only 28 farmers (19,3%) accepted the recommended prac

tice of making ridges before the sorghum is planted. Seventeen farmers
 

(11.1%) accepted the recommendation be6ause they believed they would get
 

higher yields by using ridges. Eight farmers (5.0%) accepted the recom

mendation because they believed sorghum grows faster in ridges.
 

Despite the aero-technical advantage of ridging, certain socio-eco

'.nomic cultural restrictions did not allow farmers to widely accept the re

"comnendation. Seventy farmers (45.8%) rejected ridging simply oecause
 

they found the traditional practice of zero cultivation easier. Sixteen
 

farmers (10.5%) preferred zero cultivation because it is the inherited
 

practice in the area., Twenty-three farmers (15.0%) could not adopt the
 

practice because the implements for making ridges were not available;
 

this reflects on capital scatcity in the project area. Thirteen farmers
 

(8.5%) could not incorporate ridging in their practices because the la

bour needed to carry out this recommendation was not available. Three
 

farmers (2.0%) found the soil at the time of seed bed preparation too
 

hard tc make ridges.
 

PlantIingtime. The beginning of the rainy season in the project area va

ries from year to year. Only 8 farmers (5.2%) accepted the recommended
 

planting date. The other farmers rejected the recommended planting date,
 

and the reasons showed their strategy for overcoming the uncertain rain

fall conditions in Giwa district. Eighty-one farmers (52.9%) reasoned
 

that it was unwise to plant between mid-May and early June because that
 

period is not the time everyone else plants. The remainder (41.8%) re

jected the recommended planting date because they were convinced that du

ring that period the rains are not established well enough to guarantee
 

good germination. 

Seed rate. Only four, farmers (2.6%) accepted the recommended seed rate
 

of three to five seeds per hole. They gave the rather vague reason that
 

sowing at that rate saved seeds. One hundred fifteen farmers (15.2%)
 

http:destruction.by
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planted more than five seeds per hole because, they reasoner, some of/the
seeds migbtdecay. 
This is especially likely if rains are interruptedtfor

a long period of time after planting., Eight farmers (5J'2%) said they'had

inherited the practice of plarti6g'more than 'five seeds per hole, indica
ting the incompatibility of the seeding recommendation with existing prac
tice Twenty-six farmers (16.7%) rejected the recommended seeding rate be
cause they fourd the practice of counting out the three to five seeds too
 
hard and time consuming. .
 

SpLain.
," Few farmers (7.2%) accepted that the recommended spacing would 
enable them to obtain higher yields. Eighty-three farmers (54.2%),rejec- A
ted the 30 cm spacing recommendation because they believed they would obtain larg6'epanicles of sorghum at wider spacing,.Thi ~y-eight farmers. 
(246-%)"be'lieved that wider spacing would allow the plan'ts'.to be' betteraerated. 
Twelve farmers (7.8%) rejected the recommended spacing because
 
it could not permit mixed cropping. The authors observed here that, al
though the overwhelming majority of crops in the projectlarea are grown

in mixtures, the recommended technology package is only for the production

of sorghum as a sole'crop. Finally, five farmers (3.3%) rejected the re
commended spacing because 
it required more fertilizer than if the spacings

were wider. This also reflects the farmers' limited ability to acquire,

and the need to economize the required inputs.
 
Thinning. 
Only 14.4 percent of the sample farmers accepted the thinning

recommendation of two plants per stand. 
 Seventy-seven farmers (50.3%) re
jected this recommendation on 
the basis that three to four plants would
give them higher yields. Thirty-one farmers (20.3%) believes that more,

plants in a stand naturally gave higher yields. Twenty-three farmers
 
(15%) rejected the two-plant recommendation on the basis that their inhe
rited practice was to keep more than two plants per stand.
 
Weeding. The recommendation was to weed as required throughout the gro
wing season, but only 37 farmers accepted this recommendatio.. Sixty-six

farmers (43.1%) did not accept to weed the sorghum throughout the growing
 
season as required because other fields required their attention. Twenty
five farmers (16.3%) rejected the weeding recommendation because they had
 
no money to hire additional labour for weeding. Another 25 farmers pre
ferred to weed only twice during the growing season because this is the
 
inherited practice.
 

Fertilizer application rate. The 56 farmers (36.6%) who adtpted the re
commended fertilizer application rate naturally observed the resulting

increase in yield. However, the majority of farmers did not apply ferti
lizer up to the prescribed rate, if at all: 71 farmers (46.4%) said the
 
fertilizer was not available for purchase; 24 farmers (15.7%) had no mo
ney to purchase the fertilizer on the open market; two farmers (1.3%)

preferred to use manure since it was cheaper.
 

General comment on adoption level. The improved sorghum production tech
nology disseminated in Giwa District cannot be said to have been accepted

since only one out of the nine recommended practices had an acceptance le
vel greater than 50 percent. Even this practice of seed dressing does not
 
increase the yield of sorghum per se; it has to be utilized along with
 
other recommendations before the impact of the technology is noticeable.
 
Over 50% of the farmers could not apply inorganic fertilizer, which is a

major component of the improved technology, either because they had no mo
ney or because the fertilizer was simplv not available. Similarly, the
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recommended ridging ws rejected mainly because farimers could either' not 
afford the implements it. required or they lackcd money to hire labour that. 

mould do it ;itthat t it 

che pro
ject's end, the GCP implenenter technol ogy fur corghu r udu'tion was not 
widely practice~d in t~i, area. 1;i:lrlynumetw were 

The results of th i :t.u;Il/ shoa' tinat only thfr'e e u. ,ft,-:r 

g'iwa A t high ofrr'-ivmer! 
observed to bc iroin the improved s;or; humo riety tie ndihtd"

nous varieties. !,t there .as Idlw ronc t he r recomno uido ,erd , !..he 
mendations cf th.e pckage, ccept for se.d I'i r imp"crtrntly, no 
single farrv wa o1 servvd i:cown only the improv.'d variety of sor-

Grosn ,ary i .I.< shcj'y Lthit h,! tccolojy %uio profi tb1le per' 

o 	 Howe:,ep .i u!'co u (i-o~l ict!,-ry''ivc:,.capita!, ].

1'- i r 0"-r rir , u1lysis -3howedbo'r' and m-InanL, it t .,'.1 i uC t,'I ni 

1hat, f 'or . lr. . Lct. -.n :..),,,,!, r rothr-otoods of, r

ghum pr(:duction, w i o.rd tolt 1,-, - iviy ,:.v'-., rofita! th-'an the 

It I be 11 1conc.1t'. irirt rit o[' s,.orghumtv v 
dissemnin , u by LLhe .,bfi. !' <h y-.i.d n,, only With ti' us 0f specific 

cuitural p.:icJe, F,''e!' rnl tii _ i'w o. vari.}Lies c .ir',, little 

or no Fertilize,' for yie'ld 11-1 .W- l hp a total:x '. th'.c' ',. 

crop failure if' 1 Lrare not, -pp1i,_(, Lo te rimprovedi 591 va
iety., Of'ten, the !I ramers t r the ",' d tocannoi 0fo Id 'o jf'J imple

e .r i:, 'ri 1. ties Horer the inirr v: itis ho dtaient the i , 	 ( 

other uies f'or the peas~ir farrer; ie ri 'rid erci' t: which Lhe 
short 3t,!, 4 r-;"poVcd c uld notvl cit I (I 

i o y tI' OL the ,e 	 a farva , .vlp] ic' undt,, -,Lood -- . c.- fr 

mcnr f ljou,11 li''v_-, i %3] r,  "re'' 	 t.Lr t ''"that of one 

no. ei 	 iL appomr' thI the devel.op
rent 	of . o ' " 

growing rr A;, C nh , 

the i:io. 1'o1Luc:cn " i ' ; been undertaken 

wi th vii .- -ewe I tit ultimate banefiiod 	 ,'d 


iArcC,;'b i ~y c_c) i.'pved t'''y ( v y irm i trongly rala

te LoTohe soc'o-ec' or-noic cllhrctC'ist of tih far-,t I , (1e rature of 

tie tec1'no -'.y' arid t.c v-idcr '. ' t cc" noio, Ti-tro J1- 11so a need 
to cr.d' Sta1 et'LPC. of eitir idienous technology in the !ifesty

. <of the o"r' ,- oil s . rn' iven nrrr'.;.o.io is mude for 

the f-i.tr's to o ' i,,y wIi]l rl'.1y pref'er 

the tadr tin':-il s,, o'i"', to ivU .C iir tj 

Sper 	 i 7 , tc -co en'onr- can b< :
Ic-]. .
 

(1) 	priiI to0 tAr -r rt tie ripruved production 
Lech-.z, , - 1es =rad needs snould be ascerf: -.-.
taice t-h C oc (, crr'.choi'. cal survey as well 

as throULgCJ. 01"with tih fc1--!j.'1rs wrho stand to benefitAlson 

the most ' ro the r.cloolo 
(21 The l; - V- t r r needs to be consideredresource ' 

'.r ur- .1 .These obser.rtions m d i 'inpt ic rl during the August/ 

Septelabfer 1950 aur'vy period. 

http:devel.op
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in developing the technology. The profitability analysis sho
wed that the resource bse for a farmer crowing the improved
 

sorghum was necessarily greater then that of the farmer growing 
the indigenous sor'hum. 

(3) 	The producers and consuxers of the crop involved :;-ght to be 
incorporated at an early stage of the Q.nv}oi y development. 

This would ensure a system of feedback betw-r the scientists 
and farmers as every element of the technology is tested by the 
farmers themselves. 
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AFRICA:CROP ASSOCIATIONS IN THE SEMI-ARID TROPICS OF WEST 

RESEARCH STRATEGIES PAST AND FUTURE
 

. - L.K. FUSSELL AND ,.G. SERAFINI

or more crops simultaneously on theIntercropping,; the growing of two 
and 1976), common of smallholder.same field (Andrews Kasnam, is feature 


7 

Eighty percent of
agriculture in thetropic,, (Papendick et al., 1976). 

the cultivated area in the West African tropics is under intercropping
 

(Stern, 1984) In Niger, for example, it was estimated that 73%-of thle 
1984). In northern' cultivated area contained mixed crops (S, inton et al., 

toNigeria Norman (1970) found eighty-three percent of the area was devoted 

crops grown in association. As long as agriculture continues to be domna
( S AT ) We s t A f r i c a ,ted by smallholder agriculture in the semi-a rLW'tro6p o f 

there appears to be no technical reason why intercropping should not conti

nue 
to play an important role in food production in the region,.
 

Research on intercropping in Africa is a rather recent phonomenon,Baker,
9 

Crawford and Eicher (1982) report-that, although extensive research was
 

uandertaken on intercropping in the area as early as the 1930s, between
 

1930-1960 colonial administrators and researchers concentrated their re-

Interest in intercropping
search and extension efforts on sole crops. 


systems was renewed in the 1960s and most of the pertinent research has been
 

Four international meetings have
accomplished in the last fifteen years. 


been held on the subject since 1976 (Monoyo et al., 1976; IDRC, 1980;
 

'ICRISAT, 1981; ICRISAT/INSA/IDRC, 1984) and two major reviews have been
 

undertaken (Willey, 1979a, b; Stern, 1984).
 

The purpose of this paper is to review intercropping research in SAT
 

West Africa and to outline .crop association strategies for improved agricul-

This review has relied heavily upon the
ture production in the region. 

- general principles of intercropping systems as proposed by Willey (1979a, b) 

and Stern (1984), but has attempted to use examples from the West African 
The review covers the West African SAT as originallySAT to support them. 


defined by :Troll (1965) and modified by ICRISAT (Virmani et al., 1978).
 

This area includes all of the southern Sahelian zone, and most of the
 
Sudanian-Savanna.
 

-INTERCROPPING IN TRADITIONAL CROPPING SYSTF4S 

Norman's pioneering work in the late 1960m established the impor

tance of intercropping in traditional smallholder agriculture in the Zaria
 

and Sokoto regions of northern Nigeria (1970, 1974, 1977). Norman (1970)
 

;found that sole crop stands occupiekA only 17% of' the cultivated area in his
 

Findings have been similar for the Filingue and Madarounfa
survey zone. 
regions of Niger (Swinton et al., 1984) and for three regions of Burkina 

In northern Nigeria, 156 distinct cropFaso (Sawadogo and Kabor6, 1984). 

combinations were recorded in farmers' fields, although 40% of the land was
 

under two-crop mixtures such as millet/sorghum, millet/cowpeas, etc. (Norman,
 

1974). Similar results have been reported for Burkina Vaso (Matlon and
 

Bonkian, 1980; Mclntire, 1981). In northern Nigeria it was shown that while
 

the returns to individual crops often decrease when grown in mixtures, gross
 

I Agronomists, ICRISAT, Sahelian Center, B.P. 12404, Niamey, Niger.
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and net returns per hectare were higher from crop mixtures (Norman, 1974).
Average gross and net rettrns per acre were respectively 60% and 62% higher
from crop mixtures than from sole crops, and returns increased with the 
number of crops (Norman, 1977).''These findings were supported by'Abalu
and'D'Silva (1980) who concluded that growing crops in mixtures is consis
tent with the goal of income maximization. Moreover, the absolute and
 
relative variation in the gross return per, unit of input for mixed crops

Is lower than for sole crops (Norman, 1977), implying that less risk can
 
be expected from crop mixtures.
 

The principal reasons given by farmers for intercropping fall into 
four categories: (1) tradition, (2) the need to maximize the return from 
the factor which is most limiting (3) the need for security and (4) the 
beneficial effect of legumes on other crops 'Norman, 1977). Abalu (1977) 

_ concluded that theifarmers of northern Nigeria used intercropping to diver
sipfFactivities a. an.insurance against bi1oogical and economic risks, a 
finding supported by results from Niger (Swinton et al., 1984). Matlon 
(1985) summarized production characteristics of the soil fertility gradient 
away from the farm dwellings on 185 farms at Nonghin, Burkina Faso. He 
found that farmers divided this gradient into fertility management rings

and that intercropping, as well fallow systems, became increasingly important

in maintaining soil fertility as one moved farther from dwellings.
 

In most cases intercropping increases labour input per unit area,

but may reduce the overall labour input per holding as the necessary output

is obtained from smaller areas. 
 Norman (1973) found that crop mixtures
 
required, on the average, 62% more 
labour per acre than sole crops, although

this was reduced to 29% in the June-July labour bottleneck. Thus, inter
cropping leads to a more even distribution of labour throughout the season
 
and moderates labour peaks (see also Swinton et al., 1984). Norman (1977)

found that the average gross returns per man-hour were the same for sole and
 
mixed crcpping, except during the June-July peak period. The gross return
 
per man-hour was higher for crop mixtures.
 

McIntire (1983) reported on the interaction of animal traction and
 
intercropping from farmer production surveys in two villages on the Moesi
 
Plateau of central Burkina Faso. It was concluded that mixed cropping is
 
unrelated to technique or farm size, implying that it is scale neutral.
 
This finding suggests that with existing animal traction (ATR) equipment
 
use patterns, ATR neither helps nor hinders current mixtures and that mixed
 
cropping research need not depend on associated ATR techniques.
 

ON STATION INTERCROPPING RESEARCH
 

Types of Associations
 

Cereal/legume. Generally cereal/legume-based cropping systems have the
 
cereal as the major crop with a legume as a secondary crop. Typical exam
ples of this system are the sorghum-based cropping systems in northern
 
Nigeria described by NorL\an (1973). S(-ghum is intercropped with cowpeas,

groundnuts, and millet, 
 hd with cowpeas and cotton in the sudanian savanna.
 
In the drier northern sud~nian savanna and the southern sahelian zones
 
(less than 600 mm), millet becomes the dominant food crop. In these zones
 
millet is intercropped with groundnuts and cowpeas (Stern, 1984; Swinton et
 
al., 1984).
 

Millet/cowpea or sorghum/cowpea are intercropping systems which
have been studied in Niger (IRAT, 1976; Cunard, 1980; Abrams, 1983; Huyez,
 

L: ; . ./
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1983; Fussell, 1984; Reddy and -Jada Gonda, 1984; Mai Tanimoun6, 1984),
 
,
Nigeria (Andrews, 1972), Burkina Faso (Stoop, 1981; Sawadogo and Kabor 


1984), Mali (Hulet and Gosseye, 1984; Serafini, 1984). In this system,
 
the cowpeas and it mathe millet is planted before or at the same time as 


In general, the research findings '
 tures before the late maturing cowpea 

over
report significantincr'eases in biological yield with this intercrop 


the sole crop (Up to 51%, see Fussell, 1984). However, under most condi

tions intercropped cowpea grain yields have been poor (e.g. IITA/SAFGRAD,
 

1980;Fussell, .1984).
 
udanian 


Substantial gains inbiological yield and gross return have been
dmonstae o maizelcowpea relay croppinig in•!the s savanna of
 

central Burkina Faso (Reneaud and Furst, 1979; IITA/SAFGRAD,..1980; Stoop,
 

.1981; IITA/SAFGRAD, 1983; Muleba and Brockman, 1984) and MaliCSimpara,
 

In trials where millet was intercropped with a mungbean genotype and
 

three morphologically different genotypes of cowpea, millet grain yields did
 

not vary significantly, although some yield from each of the legume crops
 

was attained (Sawadogo and Kabor6, 1984).
 

Experiments on sorghum/groundnut intercropping systems in Chad
 

showed a 25% yield advantage over the sole crop system(s) (Anonymous, 1959).
 

Schilling (1965) reported similar yield gains over sole crops in trials con

ducted in Senegal between 1960-64.
 

In the IRAT trials in Niger, millet/groundnut intercropping showed
 
(1965). In
 no advantages: land equivalent ratios (LERs) were less than one 


trials conducted later by Cunard (1980) and Huyez (1983) in which other den-,
 

sity combinations were used, LERs of greater than one were observed for thiv
 

cropping system. Trials in Senegal also demonstrated yield advantages, the
 

order of 30% for this system (Schilling, 1965).
 

Baker (1978) demonstrated that groundnuts grown with either maize,
 

millet, or sorghum were more productive than sole groundnuts. Three-crop
 

mixtures involving groundnuts and any two of these cereals was,even more
 

productive. Other three-crop mixtures, sorghum/millet/cowpea and maize/
 

sorghtum/cowpeas, have been shown to give higher returns (up to 80%) than
 

sole sorghum in Northern Nigeria (Andrews, 1972). Cunard (1980) also in

vestigated millet/sorghum/cowpea combinations in eastern Niger and observed
 

improved total production from various combinations in comparision with the
 

sole crops.
 

Cereal/cereal. Sorghum/millet as an intercrop has been researched by a
 

number 7 oups in the region (Andrews, 1974; Baker, 1974; IRAT, 1976).;
 

The general finding is that combining late sorghum (130-160 days) with early
 

millet (70-90 days) is a potentially productive combination, though this
 

as well in the northern areas of SAT
combination does not seem to perform 

West Africa (Baker, 1974 cf. IRAT 1976).
 

Baker (1979b) studied all paired combinations of maize, sorghum and
 

millet and ob-erved that yields of mi'tures were rarely reduced when com

ponents differed by a certain margin in height and age at maturity.
 

Other monocot/icot. A maize/cotton associated crop in the sudan savanna of
 

central Burkina Faso produced a 59% (LER) advantage in terms of the yield
 

of the relay crop over the sole crop (IITA/SAFGRAD, 1983).
 

Baker (1979a) intercropped cotton with three cereals~millet, maize,
 

... .
h < i ' : i;" 
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an , orghum.- Cereal yields were not affected, though,cotton yields were
 
drasicaly reduced.A
 

.oforestr.
Agroforestry incorporates several important intercropping r 
tec iues which have been sorely neglected in the development of impro
ved farming systems appropriate for the semi-arid West African farmer. 
Not only are trees an important source of~fuel and food, but they also 
protect 	and improve the soil resource base. Integrating trees into the 
cropping system maintains soil fertility by reducing erosion and cycling.

nutrients from deep in the soi&l and'depositing them as a part of mulch and
 
roots'left at the surface,.(Stern,'1984). The integration of trees may 4'
 
benefit some crops by reducing .evapotranspiration through shading and rai
~sing
the humidity 'of the canppy. '. 

' The importance of trees to traditional agriculture in the SAT West 
..-.....	 Africa was-highlighted by Charreau and-Vidal .(1965)-in -their work on the 

role of Acacia albida in indigenous cropping systems. Their assertion was 
later confirred Ty the work of Dancette and Poulain (1969). These studies 

S Lshowed a strong fertility gradient away from thetrunksof Acacia albida in 
Senegal. Soil characteristics, inc ed nitrogen available phos

p 	 phorus,' exchangeable calcium, and'cation exchange capacity (CEC), were im
proved around the tree. When grown under the trees,,groundnuts, sorghum, 
and millet showed yields up to double the yields obtained 15 m distant. 
Dancette and Poulain (1969) demonstrated'that this effect occurred only 
when no fertilizer was added.. Yields were'similar when fertilizer was added 
to the system. This is an important traditional system 'that maintains and 
improves the soil environment. 'Nonetheless, the findings regarding impro
ved fertility conditions under the tree need to be interpreted with caution, 
as no account was taken of the fertility and moisture foraging effects of 
the trees that go beyond the tree canopy (Breman et al., 1984). 

Dancette and Poulain (1969) attempted to quantify some of the agro
climatic influences of A. albida on the associated crop. They were unable
 
to show reduced-evapotranspiration as a result of shading, possibly due to
 
'poor instrumentation. Relative humidity was higher,,under the tree during 
the cropping season and the maximum temperature was lower. It is clear'' 
that there are some important reasons why Acacia albida holds a prominent 
placerin traditional agriculture in the r r reuand Vidal, 1965; 
Dancette and Poulain, 1969). With intensified agricultural systems that use 
machinery and animal traction, these researchers proposed that the trees be 
organized into windbreaks in squares of 100 m on each side.
 

Bognetteau-Verlinden (19801 has demonstrated a 29% increase in mil
let grain yields on a total area basis when Neem sp. was used as a windbreak
 
in the MaJjia Valley of eastern Niger.
 

Sources 	of Advantages with Crop Associations
 

Spatial/temporal relationships. The component crops in an intercrop need 
to be complementary in their resource use patterns. If the component crops
do not exploit-the resource base in exactly the same way there will be more 
intra-crop'competition than inter-crop competition at the same cropping in
tensity (Wlley, 1979a). Willey states that maximizing intercropping ad
vantages involves maximizing the degree of complementarity between the com

:H ponents and minimizing the inter-crop competition' Experience indicates
 
'that the greatet advantages in resource use may be achieved by manipulating
 
the spatial and temporal differences between the component crops.
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Spatial differences are differences in height, plant architecture. 
and density arrangement. tanipulating spatial relationships may reduce 
competition for light, water, and nutrients. The literature on intercrop
ping in the SAT West Africa piovides numeroos examp]'c uf the advantages 
partially or largely result ing Cr tia] complcmertarity. 

Andrews (1974) showed a 2'' increece i- !,0'ain yield whun dwarf 

used instead of tall variees Vn a 011lct /so'wliOO intercrop.soeghuls were 
This increase was due to both plant a tecture and h iger d-arPC soro;ulm 
plant densities.
 

Variation in the spatial arrancm,-'nt of, cowpe-, il a [rcai:.e/cowpea 
relay crop was reasoned to be a cause of yi1ld V"nri iti ons in thi., system 
(IITA/SAFGRAD, 1983). In Mali.,. so'wing .,pe:ms in the ae hill as millet 

has been shown to reduce the ,dvant l ! inha' op sys t compared 
to alternate row planting K th tw crops Y ul H a d Guoseye, 1984, Sera
fini 1984). in tie prc-e ne K.vdiquTe,' : . Irtility, owpca den
sities and yields may !. inlr'e ad wi hou'. , u in cepe yield in thle 

sudannian zone (Sernfini, 984). 'her advniLs assitud with spatial 

effects will be discussed mraoi 'u ly und r mn'va;m.nt Factors, 

The most important sources of c o e'ty occur 1:i intercrop

ping situations where the growth pacter'n..; of th component crops differ 

in time in such a way that the c'ups make their ma jor demands on resources 

at different times (Willey, 19Y9a). Better temporal use of resources oc

curs when the associated pla,.nt have differnt maturity periods. Many of 

the advantages that have bean z own for specific int,-crops in the SAT West 
Africa can be attributed to thni type o complemw!ntarity. 

in central Burkina Hsu, ia,'stiations on maize/cowpca relay crop

ping indicated tha,t tempra! spi t were i.ral'lanrt yceld determinants in 

this system. The delay in ply tnq cow.yma After maize had an important 

impact on cowpea yields ,in L t it ,tutd the durUtion of the overlap 

between the two crops and tmhe oenfrth, owink," p.eriod available the" to 

cowpea. In tNiO system, the nio or lto varieties of cowpea was important 
.

in achieviny' a yield advvnt;n Erect, e ly iyles performed poorly com

pared to ther at. types Hi''iU\FGH, i'jPC and 1983). 

Early , m ii o tNou tmnc co:i].meltarity in a maize/cot

ton asscicated crop, cuntributini to a 591 advantage for the relay crop 

system (iTAISA.AiA), '093 1. As apposed 1o an early sor Jum, a late millet 

provided a more productiv association N.th maize in the Sikasso region of 

Mali (Serafini, 1954). 

Serafini (1984) dmr-,n'rted that early harvsting of cowpeas for 
,

hay created important interarop hdvint (over 10P, in cereal/legume 
mixtures. 

Baker (1979a) reported tht ,_I-hmm Su.pa'.'roed Lite growt of cot

ton more than nillet or Daiee o ou ' its lo1l-er i-ewing seicori in ex

periments in northern NigerK. 

In practice, it is not always easy to separate spatial and temporal 

effects. Where varieties differ in both plant height and maturity, or 
where the legume matures !atcr than the cereal yet has a deeper' rooting 
system, both types of complemrntarity come into play. For example, using 
millet, maize, and sorghum mixtures, ba%ker (1930) demonstrated that dif
ferences in both height nnd maturity accounted for the major part of the 
yield benefit r'esult ing from the asoci-atio 
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Rescurce use: Light. In intercrupping, where dominant plants are asso
ciated with dominated plants, the um i: to ruduce competition for light 
without reducing light interception (LSt n, lcj&4). Light use efficieancy 
may be improved through the us- ,) v,1:i a plantino of (io)minont 
crops in double rows, inareo'dind l( . &,io, nd u,0e ct multi -storey 
intercropping systers. 

improved light u'e )(i2 rle(le.inri itt) mIt Yonyof thein 
intercrop systems rcrored in \T A ' ci, t io iin Crer], it 
has not been quantified. F,n exampl, the success of" t ,t i a. t 
types of' cojpoas (coiparJ t,* th( t nrly y-inc I it- th, 'wai e / crwpea 
relay crop indlcat- more efficicnu iise of Jiht 1 TA/S A FOAD, )90). In 

-,.pert 1§- ilwize. .a maize/cotton ;ci ., :n Ii i.: 1 i .hi: Oi l )i' fl Or] it 
rgenotype with poor ieIt area dev. tcpmnt contributed to iPortz.Ilt inter
cropping aivante (-IT//OAFChfD,9831. 

Fuss.1!1 (19 ( Ioant i i irprovcd ig;ht i ti-rc tio tin up to 10'0 
throughout ti s-:1 )r ;n ir to p- I sn olds roui71iDeJ to pilet/ow,.pa 
of the corpn 

Moisture. Cor ptition f.rA soil resourcea Ve ins crly in the i'o-'th period 
of" anl iterero) bocoue of hth pr'ferentiai developient of lot o0,.- Thoots 

at th i.; it I e beIri aerly (Icionstra ted in ert.i nnsItae, js . in rvei (i ley, 
1979a,b; 2tern, 193L) tlt intercrop sy;tems ma1e inorMe Of,'iant use of soil 
moisture, resuitint: it,. some of the observed intercros :(dvat Ii s. T1t s ef
fect has been quantAfi ,Lonly a few instance:. in the , tAfric, 
however. 

Iluleba and Broc:,an (1984 ) showed that. mo isture iv ilbL i ty ill the 
month of 3,.Optember IS 0 Cr.P11cal deterulinant of cotjpea yiolds ini .ai 
pea relay crops in the sudarinian savanna . Mai -e yields were not. fectad 
by the cowpea relay crop if the cowpeas were pl-tnied one month after the 
maize. This -vstem iemorstrcites an important temrporal relationshin in 
which mo.stare use eff'iciency is i improved through ll of I int.,o i moisture. 

Half of' the yield a,.lvantap.e indica ted by improved LER's %,Asattri
buted to measured higher i.nterception of radiation and incr-esed r:io.isture 
use by the millet/cowpea intercrop over the sole crop, (Fussell, 9S84). 

Fertilizer. Besearch o,., theri regions has demronstirated that intercropping 
systems make bctter use of !"il resources, resulting in ncretse.s in the 
uptake of' the nutr ients, , ,rnda K (Willey, 1979a, h: Stern, I.EL). This 
has been attributed to n.,n-i *,.' ference of' component -rop root systems and 
exploitLiori of different soil layers. Hulet and Go.-,seye (1V-4) noti n 
synergistic effect at higher, pr<portions of cowpea in th miil-ti/tolpea 
intercrop in the prosence of' added phosphate. 

Wheereu'dnu tL wore . tercropped with eJther sor' 'hum !W'!! [ . in 
Senegal, i.t, ,as found th-it intercropped cerea1s miade better -- f i .t 
zers than sole ce---l (cchiiling, 1965). The uptake of both !I ' in the 
cereaj.s was in'reased wrcen measured by foliar analys'Z ,0 
,1itrogen fixatian A houi-l the imortance of Lsymbioticai]y 'i., d nitro- en 

in achieving yieldc in: { has been demonstrated ir oher pcits of the worid 
(Willey, 1979ab; Itern, 194LI , little empirical Proof icc avaji'bl,, from the 
research in SAT West Aftrica. 11341 substantial yielddomonstrated Serafiri 
advantages 1 when iho legime wvas harvested eon ly. In soi'100) cases, 
this lead to higher cereal yield: in tko interciop'2 : plots than in the sole 
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plots.. t was hypothesized that this was due to nitrogen that had been
 
fixed by thee legume and then released for ,urtake by the cereal with the
 
decomposition of residues left after the le'me was harvested.
 

Higher 'yield advantages of intercrop, udr low fertility condi
tions compared to high fertility conditions are probably associated with
 
a "nitrogen-saving effect" (Stern, 1984). It is argued that, in a re'pla
cement cereal/legume mixture, a sub-optim;. cereal density should be able 
to take up more mineral nitrogen per plant than the optimal density sole 
crop. The potential importance of "nitr6gen-saving" is demonstrated in 
the 1976 intercropping trials report for Niger (FRAT).. In this presenta

........iOn,ille owpeaandmillet/rondnut showed little improvement in the
 
sorintercrdpping advantage with added fertilizer (N and P), although'the 

ghum/illet system was much iproved over'the sole crop systems with added 
fertili.er. It may be pc€3ible to explain this occurence, at least in 
part, by thp.5improved uptake 6f N per plant by the cereal in the low fer
tility cei'ealZlegume mixture. ThjL is possibly a partial explanatio of 

'-1the improved uptake of N in the cereal for other cereal/legume mixtures
 
-)'/(Schilling, 1965).
 

In contrast, in central Mali Serafini (1984) demonstrated that
 
cereal grain yields cai, fall in the absence of adequate nitrogen fertili
ty for the cereal (millet or sorghum) where cowpea competition is favored
 
by planting the cowpea at the same time as the cereal, at high cowpea
 
denjil;y or late harvest of the cowpea. Similarly, StooD (1981) showed
 
reduced cereal yields .n low fertility situations with modest intensifica
tion of the cowpea intercrop culture. Both hypothesized that the cowpea
 
was an aggressive and efficient N forager early in the season.
 

Management factors. Interactions in intercropping systems are considera
bly influenced by the plant population and spatial arrangement. It has been
 
noted that the total optimum population of intercrops may be higher than
 
that of either of the sole crops. Indeed, higher total populations are
 
likely to give yield advantages (Willey 1979b). Willey concludes that the
 
optimum total plant density can be increased in intercropping systems in
 
which the interference between neighbouring plants is less than in the sole
 
crop, i.e., where intercrop competition is less than intracrop competition.
 
This phenomena has been demonstrated in intercrops of sorghum/millet/cowpea
 
(Andrews, 1972; Cunard, 1980), maize/sorghum (Baker, 1980), sorghum/cowpea
 
(Bake6r, 1980; Serafini, 1984), maize/cowpea (Baker, 1980; IITA/SAFGRAD 1980,
 
1983), millet with either cowpeas or groundnuts (Abrams, 1983; Fusselli
 
1984; Serafini, 1984; Swinton et. al., 1984; and cotton with either millet,
 
maize or sorghum (Baker, 1980,. In summarizing the findings of Huyez
 
(1983) for millet/cowpea and millet/groundnuts in Niger, Swinton et al.,
 
(1984) concluded it was necessary to have a population pressure at least
 
comparable to, if not higher than the sole crops. In support of this argu
ment, Serafini (1984) found that when cowpeas were intercropped in millet
 
or sorghum :in the presence of adequate N fertility, tne cereal grain yield
 
was usually'not adversely affected by high cowpea densities (up to 50,000
 
plants/ha) if the legume was planted after the cereal or harvested as hay
 
before the cereal flowered. With these systems, LERs over 2 were obtained.
 

Baker (1979b) concluded that in cereal/cereal mixtures (replacement
 
mixtures), yield advantage was associated with reduced competition during
 

the reproductive stage as a result of a reduction in the number of plants
 
flowering at any given time. field gains come from larger plants, though
 

http:fertili.er
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the harvest index was the same. n the Sikasso reqio, of' i_) the intur
cropping advanLages of long season millet pi n(d lat into mi a, wer'e 
clearly of this type (Teparifni , 1904 ). in sup'i'mped t ' s j" -er'ii s 
and non-cerna.s, yield gain is assoc!i atol wit- absence : 'T 'tIt i oi at 
the rc productive stage. Moirwve,, the har-vet idiin.e-' M tin :nsroma ins 
the sa..mu, thoug'h thW noncama char'v,.,-t index ]n-:1'-O, , Loi . S , c )wpeas 
planted late .o--o i :: dvant :'s af tc. si RI]A/AFOA]'-,1ai:n,2 ',nt K M ype 

1983 and 13). 

lopopt 'rt ooi acca int04a ,apini .ionsdats.m i c lo si where 

the spatal 'ivro--.-ento the crops ir- -nnlpuLud. Atoop 09R1) repor
ted fror 040 a Kamboinse that i'l] . i-arf'w-ed bst whi-n intf.'r-ropped 
in-r. r,r t .rtn i,_rnoto (rundnut.s performed best whenre..t: r-ows;. 

plant d in i,,rnate r ',.-. Similarly, in central burNiia Faso, impro,'eo 
yields 1100 ) ,. i' -'d ma :z-i-.;pcr.btin and sirni',.:'cowpea mixtures by 
modifying thn ' - -' -monn rKnd of oc.! while-patiA damsity U. mporlecrops, 
maintai_ 7 (i,oi.;, a.nd For 10"5) or inareasinn' I AT, 1978) overall 
density prv,2sirv:,, 

1 Ka'. '(9181)t ,, . h]te'(ctIKS t ew-en -nap combinations .ind 

sail tYpq in cntr:al Au na Fa '-", tI' _hailow, 'avelly, sandy loams 
an ' tputau and uppr s],p1.s, mANIt'i W! cowpoa1 inturplrnted aily and 
grondnti '-a< cotter t. yiel!ds. Mo irncotLaLa to do,,sandy loams 

situawed centrally on te s].( n millet oronlry s-i'g"um interplanted with 
early cowpea were moe l.ikely t, purfi-.m well. In tiv dee-p sandy loams of 
th, '1ac fonds', nterpl nntL At wowpwlate sorghue with ,SLi' :1 0lte or early 

maio veIthe test reolative ./ d-s. iu., the ,-hcic- of the dominant co
rea] (millet i, sorghuim) I-Ipand:s upon the niaLur, of' Oh,; wo as well :as the 
expected ra'infill (Qto-; at a., 1982). AucCPiintJy , thi Cil,.ce of the 

toot cnop miiLxtui- Jeori <in - ;Ktnre tf lii sniji as ;-I a.-, the> *rr:]i-

mraicc ontex. 

i (934) ,;- ,], A n.- in'.t thtie elot)v. time .f pA.artin 

of tI two intorcco:-', t,_ii- .poit il :ci-i'ci,'-"a.,rt , 'f.( tjhe t :.r.aof removal 
of the cot itLive fAL oI thsy:rticalI.%-, dct.?ri:nIi-, wa in tJhe 

yield gain nd its suur.,. in cq.,"nil/i-nl e intwi-iopoing systems in central 
Nali. F±antinC co'peas M An same ' or in tie sa, c hill, redu'ced the 
contribution of I-e cereal1 ' -- yield of" the legume. E.ly har

vest of the leE.e reonltdi-n m uc'u hay yields of tiie .legume with lit
tic or no reductioe of'the cv'al yt 'd. 

StaOiity and fle::bilty. A ,LIsl-hility has c1m pr-vpcs-"i as a major ad

vant*s of ILecciopp nI -, (",I-iy,1 "99:,.; Mt.err, 19M ). This oc

currence is explained by the Y- t or one crop Lu compensate for the poor 

performance of the oti.p. Wln . r on.t crop :uf'I'erf: ' -tre"" ( .g., 
dought, disease, ira, at,, , My.' Pot - .incpenatd ior by 
the other c'op(s). For .tn-iv, ', vi c Acts tir'erofcts oilin o.n nm mid 
irteracroppin- and cn yId w lity, on should rote:' to t.1'> ent cr'e-


view by va s 1 9)S4). 

Baker 1980) attem-tva to deornst'ate yield stability of t'-,-in
tercrop system usirng Finlay + i iin n 's f 19t3) method <,fstabi.ity analy
sis. H[efound that th'e vas no 11ift'r-en., i;ttaiiiyhetweefn the of' 'he 
intercpop (groundnu1/c-e-pul.s) v(r' th. s.ol'o crops fr nori'cx-n Nigmdi-q.i 
Using probabilities of :'ailuae Waod on a 'disaster' level of income, these 
intercropping systems wer' Iound to so morc tale.Ia in LU-a pre.sence of a 
severe streak virus "AItack on maize in cout rn -aMi, -l/t.,maize inter
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crops gave higher grain yields than pure stand maize (Serafini, 1984), thus
 

demonstrating the better':tability of the intercrop.
 

Most'research results show a higher gross revenue with intercrop

ping (Andrews, 1972; Andrews 1974; Baker, 1978; Reneaud iand Furst, 1979;
 

Baker, 1980; Cunard, 1980; Fussell, 1984). An exceptior !was reported where
 

cereals (millet, maaize ;<sorghum) were intercropped withcotton (Baker,
 

1979a) . The cereals drastically reduced the hioer-valoe cotton yield in 

the. intercrop,. lowering gross revenue, when compared to sole cotton, but
 

not sole cereal. iSignificantly, cereal grain yields were not affected by
 

the cotton intercrop. In as much as the subsistence farmer may be large

ly.concerned with a stable supply of food grain, such crop mixtures may
 

meet-his 7'bjectives ,~I*-

±NTFRCROPPING fPESEARCH IN THE FARM ENVIRONM1ENT 

Historical perspectives. It is best to begin our discussion with an exami

nation o he-h storical development of intercroppingresearch in SAT West 

Africa. Baker !(1981) points out that while intercropping research-is for 

the most part, !a recent phenomen on, experiments on this subject began many 
years ago in Nigeria . He reports that between 1924 to 1960, scientists at'
 
the Institute of Agriculture Research carried out over 300 experiments on
 

crop mixtures.'Intercropping reviews do not (see Willey, 1979a,b; Stern,
 

1984) !refer to this'work and as a result, the findings of these experiments
 

have oontributed little to the present state of knowledge on the subject.
 

Interest in intercropping systems was renewed in the sixties. Nor
man's on-farm socio-economic studies were particularly important in brin

ging about this change in perspective (1970, 1173, 1974, 1977). Nonethe
less, interest has generally been intermittent or very recent. The ongoing
 

program in northern Nigeria at Samaru is the only important exception.
 

Since the mid-sixties, a sustained and coordiilated research effort there
 

has led to on-farm testing of improved intercropping packages (Bbuyemusoke, 

1974). Findings from thisAiork will be presented in this workshop.
 

In examining intiircropping research elsewhere, there are few reports
 

from Chad and Senegal. There is an dgroclimatologist and an Agronomist
 

working on millet/cowpea intercropping systems in Senegal at the present
 

time. In'Mali, intercropping research appears to be largely confined to 
the last six years (Simpara, 1984), while in Burkina Faso the work encom

passes a slightly longer period of time (Sawadogo ana Kabor4, 1984). 1"
 

Niger, research on intercropping has been intermittent. Several studies
 

wer-e undertaken in the mid-and late 1960s, followed by renewed but short

lived interest in the late 1970s, interest revived again in 1982 and'con

tinues today (Swinton, et. al., ;984'1'. There has been little continuous 
study of any one cropping system. The result is limited knowledge about
 
numerous cropping systems (see previous section). o 

Given this historical context of poorly coordinated research, it is 

not. surprising that there has been little on-farm testing of intercropping 
research findings. 
Extent of on-farm research.. As a logical outgrowth of its relatively ex

tensive research program on mixed cropping, the Institute for Agriculture
 

Research (IAR) at Samaru, Nigeria, began an on-farm testing program of
 
improved mixed cropping packages in 1983 (Bbuyemusoke, 1984). Although the
 

effects of single component'-ddicions (fertilizer, varieties, etc) to the 
existing mixed cropping system had been tested in on-farm trials by develop
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ment programs (IADP, 1982; KNARDA, 1983; KNARDA, 1984; all cited by Bbuye
musoke, 1984), the IAR effort was the first to htudy the feasibility of
 
production packages for mixed cropping systems.
 

The first package IAR tested in farmer run trials involved a maize
 
cotton mixture (Bbuyemusoke, 1984). In the Samaru-Zaria area where the
 
package was tested, cotton is a cash crlp and maize is both a cash and food 
crop. The package recommended that thce two crops to be planted at the same
 
time, in the same row, at high densities, with a basal fertilizer doseof 
,6 kg/ha N and 45 kg/ha P?%, and a sidedressing of 46' kg/ha of nitrogen. 
The 28 farmers who participated in the test were supplied with all inputs, 
.ncluding herbicide .and,.insecticide, for. adequate weed and-pest . control . 
The resdlts from the test reflect the problems associated with-running on
farm experiments with any improved package herbicide, and are not 
inconsistent with findings from this kind of experimental work elsewhere.
 
For example, few, ,or no, farmers applied the herbicide or insecticide.
 
Nonetheless, the rn jority (C3) of the farmers were satisfied with the yield 
from the intercrop; although Yields of both crops were lower on the average 
than in similar studies on the research station. Partial budget analysis
indicated that the package was profitable on the average., Although there 
were important adoption problems for the complete package, these findings
 
largely conformed with research station results. These problems are typical of those encountered with improved sole crop packages as well.
 

In central Burkina Faso,' ICRISAT has reported two types of on-farm 
intercropping research: researcher - managed and farmer - managed (Matlon, 
1984). There were two researcher-nanaged trials. In the first, an unre
plicated intercropping trial was executed in four villages in a relatively 
high rainfall zone (950 mm). Hesults from two of the four villages showed 
that net returns to labour increased by an average of more than 60% as b.ow
pea density increased above traditional levels in a sorghum/cowpea inter
crop. This improvement was greater with the local sorghum than the improved 
sorghum because its denser canopy inhibited cowpea development. None
theless, the improved sorghum yielded higher than the local variety.
 
Although these results were consistent with on-station findings, farmers
 
were dissatisfied with the higher cowpea densities. Some of the reasons
 
offered were (a) lowered sorghum yields, and (b) increased labour demands.
 
Farmers felt that the existing system with its low cowpea4 densities suffi
ciently met their production objectives given their available labor.
 

The second researcher-managed on-farm trial was similar to the sorghum/
 
cowpea experiment discussed above. It was also executed in the higher

rainfall zone. It investigated the feasibility of increasing the sorghum
 
density in the traditional sorghum/groundnut intercrop. improved returns, 
resulted from increasing the density of sorghum above that normally prac
ticed. The increased sorghum density reduced groundnut production, however,
and farmers attached more importance to the latter crop. Thus farmers felt
 
that the mixture needed to be accompanied by a modified planting pattern 
that would reduce space and light competition from the sorghum and increase 
the groundnut yield component. Early maturing, erect-leafed varieties and 
improved planting patterns are now under investigation by the ICRISAT
 
program.
 

The same intensification methods and villages were used in the farm
er managed sorghum/cowpea experiments (Matlon, 1984). Two cowpea inter
crop densities (3000 & 15000 plants/ha) were constrasted using the local sor
ghum and cowpea variety at two fertility levels (0 added fertility and 100 kg 

__ _........_... _ _ _ _._4 ." .____"__,_-.. ,_. _ -- ,__- " . -" 
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14- 23:',15 plus 50 kg urea/ha). Farmers did not appqvx to vi.ew changes 
5 ~ 	 in cqypea densities, as a new technology needing teting. Theref'ore, they 

did not respect the recommended cowpea densities, resulting in a wide range 

of densities. Results indicated that there-was an overa"I. ncrease in the 

labour requirements for planting and weeding, (the peak labor period demand) 
of more than 40% overall, with a shift from sole sorghum to a sorghum/cow
pea intercrop with 5,000 to 10,999 cowpea plants/ha. Planting labour in

creased by 20% when the two species were seeded.in separate hills rather 

than together, A profit function linking returns to labour and cowpea plant 

stand indicated important differences in the optimal cowpea density between 

agroclimatic zones. Optimum cowpea densities were lower in t;he lower rain

r fall zones. Optimal densiti3s were relatively stable across fertility trea
. 

-tments ;-Te studyconcluded-that optimaldensites~for -the-spreading-cowpea, 
type intercropped with sorghum are probably lower than research station 
results would suggest, and that they do not differ greatly from current 

practice. The use of erect cowpea varieties sown in the same pocket as the 
.sorghum was suggested as a promising avenue for research, since this prac

tice would reduce the labour demand at planting and weeding. 

Contrast between on-farm and on-station results. In reviewing the on-farm
 

research results presented above, it is indeed unfortunate that more re

search of this kind has not been conducted. It is clear, nonetheless, that
 

the behavior of the experimental material, the pertinent data which may be
 
collected; and the interpretations that are possible, al, vary greatly,

depending upon the experimental methodology (researcher-managed on-station,
 

researcher-managed on-farm, or farmer managed). In the example above, the
 

farmers, when presented with the experimental objectives and materials,
 

chose to apply different treatment levels. The information gained by ob-,
 

serving the work demands created by the new cropping pattern also provided
 

a perspective which would have been unattainable on the station or in re

searcher-managed experimentation. The resulting understanding of the vali

dity of the production technology would not have been possible in'another
 

experimental context. One must conclude that there is a risk that experi

mental results when obtained in the absence of feedback on treatment effect
 

in farmers fields, will be irrelevant when transferred to that environment.
 

All three types of experimentation are necessary and need to be conducted
 

simultaneously for the behavior of the experimental material to be adequa
tely understood.
 

IMPORTANT RESEARCH IJEEDS, RELATED TO CROP ASSOCIATIONS
 
IN SAT WEST.AFRICA
 

This review has highlighted research areas which have been impor

tant in understanding intercropping systems. In a number of these areas, a
 

more intensive research effort is required:
 

Genotype adaptation. Crop varieties used in traditional cropping systems
 

are a result of years of. natural selection. Moreover, attempts to increase
 

the productivity of traditional cropping systems by(/introducing improved
 

varieties have not always met with success (Stoop, 1981). In general, there
 

is no correlation between the performance of cultivars in sole and intercrop.

ping system (Stern, 1984). However, in some cases, the best sole crop cul

tivars are also best for intercropping, e.g. sorghum, Baker (1974). This
 

was not the finding for cowpeas (IITA/SAFGRAD, 1980), and it is the reason
 

why some national and regional programs in'West Africa are selecting for
 

cultivar 	suitability to intercropping. Moreover, when choosing any crop com

- VIo .X 	 -*2 . 
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bination, specific varietal characteristics need to be defined (e.g., plant
 
morphology, photoperiod sensitivity, appropriate maturity periods, plant
 

4density responsiveness, etc.). Stoop (1901) demonstrated compatibility or
 

incompatibility of improved genotypes of millet and sorghum in intercropping
 
based'on tillering capacity, maturity periods, and density responsiveness. 

g Such compatibility requirements have been incorporated into the breeding 

programs of cowpeas (IITA/SAFGRAD, 1980) and sorghum (Stoop et al., 1981), 

for example. 

Soil fertility management. If one assumes'that cr3p associations increase,
 

n.trient uptake, it follows that either soil fertility wi)l be depleted more
 
rapidly, or what has been removed wil have to be replaced. It is also pos

1-,. ----- s- there .isachange in heivest index, it will result in moreible that if 
N, P, KKin the economic par s, whiile th-iittal ipta&k 0l1. nothave' chaged;.. 
Baker (1979b) did not show a better harvest index with cereal/cereal inter
crops, although'this was the case in cereal/lpyume intercrops. In either, 

case, the increased nutrient take off would have to be replaced if produc

tion were to remain stable. 

Given the effects of competition for nutrients discussed previously,
 

fertilizer placement would appear to b one of the management tools which
 

could be used to manipulate these reltlonships. Effects on plant develop

ment, in time and the resource use effeciency of the component species could 

make this a powerful tool. 

Maximize spatial and temporal advantage. A long growing period is the pre

condition for mixing crops of different maturity periods. The growing pe

riod is defined as the period when both water and temperature permit crop 

growth. The growing period is longer than the rainy season, owing to resi-

Stern (1984) asserts that yield advantages
dual soil moisture (FAO, 1978). 


can no longer be obtained in areas with a growing period of less than 120
 

days. Nonetheless in theaie climates (rorthern sudanian savanna and sahel), 
intercropping systems of less int.ense, short-duration crops are predominant 
and likely to remain so.
 

Emphasis should also be placed on effective season length, which
 

takes into account not only rainfall, but also soil type. Stoop (1981) em-

He researched
phasized this concept in most of his work in Burkina Faso. 


different crop combinations for different positions on the to posequence,
 

and saw the possibility of two riajor cropping systems in SAT West AfriLa.
 

"yitem 1. For conditions which allow cropping for,>120 days-

i.e., in the zone of 700 mm rainfall or more, or in drier regions further
 

north where there are deep soils near the bas fonds. This system allows
 

the combination of full-season cro'-s (e.g., photoperiod sensitive sorghums)
 

with early maturing intercrops (e.g., millet, maize, nonphotoperiod sensi

tive cowpeao. These systems, as indicated in the review, are known to give
 

large yield advantages.
 

System 2. For conditions which allow cropping for - 120 days-

i.e., the northern zone of 450 to 650 mm rainfall or the adjacent higher
 
This season is generally too
rainfall, shallower-soil zones further south. 


short to combine two crops with different maturity cycles. Therefore,
 

intercropping advantages should be realized by means of crop combinations
 

able to exploit the environment (soil, nutrients, light, and moisture) more
 

effectively in each others' presence than could be achieved in sole stands.
 

Because there are no temporal advantages to be exploited, yield gains from
 

intercropping are expected to be somewhat less than in the first system.
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The preserce or absence of yield gains reported in this zone here crons of 
different cycle lengths were combined is probably due to the short season and 

variation in seasonal rainfall. 

Nevertheless, the authors3 feel that m~anipulation of temporal rela
tionships between the crops is possible in the lower rainfall zones. For
 

instance, one can employ management techniques such as harvesting one or
 

part of the crop early for bomass yield, thuz,reducing the plant density
6o

and hence competition. Converting biomass 

in meat is,,often a profitable
 

enterprise. The association of short duration (< 90 day,) and longer sea
(,; 110 days) cereals, as either an inter-or.intra-specific association,.. on 

isralsoatechnique that could contribute to cropping efficiency and sta

bility..
 

Theimportance of symbiotically fixed nitrogen, The importance of symbio

i fixed nitrogen in intercrop systems has received the attention of 

researchers in many parts of the world (see reviews by Willey (1979ab and 

Stern[(1984). In SAT We.4t Africa, however, it has been alluded to (Cunard, 

1980; Stoop and vn Staveren, 1982), though, for the most part, not pursued. 
As the price of commercial fertiliz;er increases and the length and possi

bility of the fallow period decreases, the :possible benefits of symbio:

tically fixed nitrogen become more important to the smallholder farmer of 

the region (Matlon, 1985). While there is no direct evidence of a quanti

tatively significant transfer of idtrogen from legumes to non-legumes during
 

the life cycle of the legume, non-legume crops profit from residual nitrogen
 

from short duration associated legumes or legumes harvested before the flo

wering p=riod of the cereal (see cereal/cowpea intercrop, Serafini, 1984).
 

While there have been some attempts (Stoop and Van Staveren, 1981)
 

to look at the residual effect of intercrops on succeeding crops, this area
 

of research has not received the attention it deserves. One would assume
 

that an intensified legume intercrop would leave more residual N than that
 
left by presently practiced techniques.
 

Maximize resource use. The objectives of intercropping research-the quest
 

of "complement-rity" between crops, the more efficient use of limited resour

ces, light, water,nutrients, time, and labor-mMake a movement towards "1maxi
mum resource use" implicit in the endeavor. At the same time, maintaining
 

cropping systems which have resulted in increased resource use effeciency el

sewhere has required more sophisticated and expensive cropping strategies
 
over time.
 

Stability of yield. In an uncertain cropping environment, "hedging" is a
 
basic tool of farmers everywhere. While the results discussed previously 
are not conclusive, it is clear that improved intercropping strategies lead 

to "yield stability" to the degree that they can avoid,minimize, or compen
sate for risk.. Once again, the nature of the objectives in intercropping 
research make this a probable outcome of the exercise, and there is a real 
need to quantify this effect. 

Agroforestry. When one looks at the traditional SAT West Africa cropping
 

systems, one discovers that trees and shrubs, which are significant contri
butors to the productivity of the system, are omipresent. Even casual ob-
 -' 

servation of such associ-tions reveals the presence of many of the charac
terist cs of intercropping systems which lead to improved resource use and
 

increased efficiency of the overall system. While Acacia albida is not the
 

only example, it is the most widely researched and is, in many ways, a clas

'I' 
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sicJ1.case. It becomes vegetatively active only at the end of the normal ce
real crop cycle and then grows into the dry season greatly increasing the
 
growing period while minimizing intracrop competition. It has a strong,:

tap root. system which allcws it to exploit moisture'and fertility normally

unavailable to annual crops. It produces nitrogen and,.with the other mi
nerals and organic matter it deposits on or near the surface, has a pro
foundly beneficial effect on the cropping environment. It provides com
plementary yield'products, fodder and fuel. It also acts as a windbreak,
 
increasing turbulence and roducing wind speeds and resulting soil movement
 
which'may be critical to the survival of the crop in the seedling stage. 

Long periods of time are necessary to grow trees and systematically

-sttdy._their, inpact. ,A3 a result, ,precious little research hab-e.dn
 
in this subject area. The authors fee, that while it is an inherently dif
ficult experimental subject to deal with, it has the potential of making

important contributions to the overall productivity and' stability of the
 
cropping systems in this zone.
 

Technical and socio-economic constraints. Not all traditi nal intercropping
 
systems are going to be readily amenable to intensification. For example,

Brockoan (IITA/SAFGRAD, 1980) concluded that, without cowpea insect resis
tance, there is little point in investing scarce research resources on cow
peas as an intercrop'for grain production similarly, Baker (1979a) demons
trated that cotton, if sown later than thl.ee weeks after the cereals, was
 
suppressed to the extent that the costs of insect control. was not recovered.
 

From the socio-economic viewpoint, labor is often the limiting fac
tor in the farm environment, and cropping strategies which do not address 
this constraint are often counterproductive at the farm level. Elsewhere 
there have been significant interactions between mechanization and other 
improved practices. This is likely to be the case with intercropping as well. ' 

CONCLUSION
 
The widespread use of intercropping by farmers in SAT West Africa
 

supports the assertion that it is an appropriate technology, This review
 
has indicated that there are no technical reasons why intercropping systems

should not continue to play an important role in food productionunder in
tensified agriculture. This does not mean that all intercropping systems

have been shown to be better than sole crop systems,' The research results
 
do demonstrate, however, that there are important yield and socio-economic
 
advantages to some intercropping systems used in SAT West Africa. :'In SAT
 
West Africa the lack of' continuity in,and the newness of, intercropping as
 
a research area has limited its progress and applicability. With the rene
wed interest in the 'subject, it is hoped that continuity, and the exchange

of research findings through networking, will overcome these shortcomings.
 

http:hab-e.dn
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IMPROVED MIXED MAIZE-COTTON PRODUCTION TECHNOLOGY FOR THE SMALL-SCULE 
FARMER IN THE NORTHERN GUINEA SAVANNA ZONE OF NIGERIA 

and S.0. 3DUULS'LAII
Samia BBUYEMUSOKE, Thomas BANTA, 

Mixed cr.pping, the set of cropping patterns wirereby more than one 
crop is simultaneously griawn on the same land, is vory widely practiced 
in northern Nigeria. In tWe Zra are.- of Kaduna .tt, homarn (1974b) 
identified 156 diff'erent crop mixtures; in this itudy, sole crops were 
reported to have taken up only 1I.6 percent or the cultivated land 

acreage. On the other hand, two-crop mixt.ros took up 42. 1 percent of' 
cultivated land acr , threo-crop mi'xtures 23.7 uercent or-crop-r, £f 

mixtures.3 12.1 percent and five.-and si -crop mixtures 5.5 percent. 

Despite the ovorwhelmiae; popular ity of mixed cropping it has attrac
ted relatively lttle coordinated rsearch. .ithats Wcn stested that 
this may be dia tu th'e persistent psychoiogical notion that serious or 
"progressive" scientific rosear'ch would not concern itself with a practice 
that is so * losely lnc'd to subsistence ngrLculture (Nrorman, 1974b). 

1970F-'.. her 	 forToward the re m at he Institute Pf.ricultural Research 

'IA) , Saiu btCa oynt,.ntc, if not intense, work n the mixed crop
ping in nortLr''' Nigerin. A brief revew of' this ef'fort is provided below. 

The devel.opm,'nt of mined cropping research to date at the IAR, Samaru 
may be vewed in tuns; of our distict, if so es overlapping, phases. 

The first phase in tih lte 1'0s wasoperheaded by toranr (1967. 1968, 

19701. It concentrA d on ' atab]i.ohment. of tnC i .''ce of mixed 

cropping in northern ('eria ord the need for r,:-;cicher;- and policy 
makers to oe aware of its impotance in d.-igning their work and implemen
ting their' policies. he .econd .ase, ft om the late 1960s through the 
early 1970s, consistod of a ser:e''f" experiments and farm level surveys 
aimed at rationalizing the practice. 'ts importance had been established 

in the first phase; We central ,uestionof the second phase was thus I.ny 
and how farmsers make sense out of mix<ed cropping. Five reasons were ad

vanced to explain the continued and probably growing, importance of mixed 
cropping: 

(1) Mixed cropping allows Cur the more eff'Lcient utilization of such 
environmental factors as moisture, nutrients, and light; it takes advan
tage of the symbiotic relationship betwe.n the nitrogen.*.fixin-; and other 
plants; and lore-stalk grains like maize and sorghum can support the 
creepers, (,Andrews and i2ass n, 1975; Naorman, 1974b) . 

L(2) Mixed cropping reduces adverse conditions, ike the intensity
 
of diseases and pests, in the ecosystem (Caswell and Raheja, 1972; Hayward,
 
1975; Norman, 1974b'. 

(3) Mixed cropping prevents so.ii erosion (Norr.ian, li2'4b). 
(4) Mixed ciopping provides higher yields and returns. (Baker, 1974; 

Kassam and Stoclinger, 1973). 
(5) Mixed cropping reduces the risk of crop failure associated with
 

sole cropping Waker, 1974; Caswell and Raheja, 1972; Hayward, 1975; 
Norman, 1974a).
 

1 	Research Fellows. Institute for Aricultural Research, 
Ahmadu Delle University, Samaru-Zaria, Nigeria. 
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The thirCI pha e of' the o.;ork on nixed croppinC,, at, ar.:1ru becan in 
the mid-197Os and cont'inues today. Tids phase consists of the design and 
execution of experi mnt':l work U deve Wr oftml.v, croppingaid ct 
packages that r. suit.tie for the Institute's vc]..'!cQ Yones. Andrews, 
197, 1975; ar- hohe.j 191 Haymid 9'75: KumarBae'r.i nd 
and Urun].ela, 164; and Fishe, 1924a, 1984b; have IMen ' uiwenltal in 
this Mart. In ad'jtlon to e .MrI, miny of theLh e.rimnta] work at 

pac.:;' aeveloped have men rW Add eva!,'2tg 1 t'i. .i i t 
rit,"! ]in nwiPoIuy l.oca Jonls. 

S!, I~;t t; phusa o1 J.1~ c'<ping" ..l;~c likeL'nd. K U,.. has 

only just gLU". T'hi phase .involves W o'".-Im t W verif a.,ition 
of the L,' ii i y Ip;ck-as d,[- ed in phoe th1,riee, in e .O r'mOve 
cmnsi raInts and incr.s LCriultt i in an arm. Us.ig inffor.. prodtuct 
mation from viiaye :.udieo, the yields and imp'ovement prospcct. of crop 
mixtures develope. at Sar:"r'au, - i . 1as ion studies of the Sta te 
Aorcultura! Development Project.: (P ), the Farnmn SyItegrs isearch 

Prora( 1 '-it , MS Set Up a list Of 'ri'ity I Xtures _"-,P experi
mental studs and on- arte testing. Maize-cotton was the irst mix<ture 
select ed for on-fjarm testinC in 1983. 

Al though on-farm testing by ]AR of a mixed copping technoiogy pac
kage First occurred in 1983, soae of the State ADPs had tested mixed crop 
packages sorewhat earlier. By 1982, both the Ilorin Agricultural Deve
lopment Project (TADP) and the Kano Agricultural and Rural Developrent 
Authority (AEIDA) were carrying out their own on-farm trials on .rp mix

ire' (Ulorin, 93; Kano, 1983, 1984). The IADP trials tested single 
components (e.g., fR't.l izers, varieties, weed management, arnd pest mara
gement) in the existing, largely mixed, cropping pattern. This approach 
constraits somewhat with the 1AR and KEARDA approaches which take the form 
of feasibility studies of whole production packages for given crop mixtures. 
At the IAB-sponsored workshop on on-farm adaptive research in Samaru in 
lpril 1984, these two strategies were noted. It was suggested that both 

were useful and that the circumstances under which each is most appropriate 
needs to be defined (FarminE-Systens Research Program, 1984). 

It has been recognized only in the past decade or so that maize pro
duction is deally suited to the physical environment of the Guinea 
savanna zone of Nigeria (Baker, 1975; NAS, 1974; Norman. 1976). Experi
mentally, maize has yielded several times more grain per hoctare than im

proved sorghum and millet (Baler, 1975). Thus the greatest potential for
 
maize production in Nigeria lies in the Guinea savanna zones rather than
 
in the traditional maize growing areas further soutih, including those 
areas that are c-pable of sopportirng t. o crops of maize in a year. 

Little or no irorganic fertilizer is used in the production of ce
real crops under indigenous conditions in the savanna areas. To obtain 
any worthwhile r.maize yield, however the application of' fertilizer is re
quired (Baker, 1975). Thus the enormous potential for maize production
 
can only be realized with high levels of' fertilizer inputs. 

On-farm, maize is riding a crest of popularity as both a cash and
 
food crop, despite its relatively recent appearance and the fact that it
 
requires more inputs than the area's tr'dition,! cereal, crops. 

In contrast to maize, cotton is believed to have been growM in 
northern Nigeria for hundreds of years. The savanna zones produce about 
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95 per cent of Nigeria's output. Cotton growing is a declining activity 
i ;inithe area, however, mainly because of unfavorable farm prices and compe

tition from imports. . . . ,-

Both crops are grown primarily by small-scale farmers who aver-age 

about a half-hectare of cotton and one hectare of maize, though there are 

several large-scale, mechanized growers of maize. 

relative newness of maize offers both extension and research
 

people a unique and early oppor'unity to influence the maize production
 
..... .The 


technology that will eventually dominate the area. Moreover, since cotton
 

"seemsto be decliningoits co ination.-with.the.,highlypopular.maizeculd .
 

be a way to stem this decline.! The farmers themselves seem to be aware 

of. this possibility. A survey of 79farmers in Mairuwa showed that in 

1983, close to 15 per centoof the total i"nd devoted to maize in the area 

*Involved the maiza-cotton mixture.
 

Recommendations for maize- otton mixed production have been tested
 

on-station for'several years, but their value under practical farming
 

conditions has not been assessed. The objective of this study was to eva

luate,the maize-cotton technology at Mairuwa (just northeast of Funtua)
 

with a view to ascertain its technical and economic feasibility.
 

METHODOLOGY
 

The project was undertaken at Mairuwa in the northernGuinea 3avanna
 
zone by the staff of the Farming Systems Research Program of IAR. The
 
proposed three-year project began in 1983. Twenty-eight farmers were pro
vided with TZB maize seed, dressed S77 variety cotton seed, BSP and CAN
 
fertilizers, Aldrex T seed dressing, Lasso 480 EC herbicide, and Cymbush
 
insecticide.. About 10 sprayers were also made available on aifirst-come-


The two
first-served basis. Project staff provided extension advice. 

enumerators Rtationed in the village were acquainted with and given copies
 
of the package to enable them to advise the farmers in addition to monito
ring their activities. Daily input-output data on all fields were col

lected by enumerators, and a post-harvest questionnaire was administered
 
to the farmers to determine the general level of satisfaction with the
 
package.
 

* The selection of farmers was based on expressed irtarest,on the part 
of individual farmers rather than on a simple random sample. It is 
likely that some farmers expressed interest in the project to gain access 
to inputs that are generally in short supply on the open market, thus 
making the urge to gain access to the technology itself secondary. However,
 

the,individual differences in attitude and performance appears to irdicate,
 
that no :serious bias resulted. Farmers were encouraged to follow sugges
tions made in the package, although changes made by farmers to suit their
 

particular requirements and environment were not discouraged. Thus, the
 
results can be considered to be fairly typical of a situation in which
 
extension services are available and the supply of inputs assured.
 

The overwhelming majority of farmers in the study area used ox-drawn
 
equipment for certain farm operations, unlike the typical farmer who
 
relies solely on manpower.
 

The following mixed cotton/maize production package was compiled and
 
communicated to the farmers:
 

>, . 
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Crop varieties. Any recommended maize variety is acceptable, but TZB is 
favored because of its whiteness and grain quality. Currently supplied 
cotton varieties are acceptable.
Sowing date, For best results, both cotton and maize should be planted

at the same time and not later than June 15. Sowing on the morning after
 
a heavy rain ensures good establishment. Cotton yields will be poor if
 
cotton is planted more than 14 days after maize. 
 ' 
Seed dressing. Thoroughly mix Aldrex T or Fernasan D with the maize seed
 
(one packet to three mudus of seed). Normally the cotton seed provided is
 
already desd
 

SSacing and'arrangement. 
Highest yields of maize and reasonable yields

of cottonare obtaire with high plant densities, and with the two crops

mixed on the same ridge. Plant four maize seeds at 44 crii
spacing and
 
five to six cotton seeds midway between the maize stands. Thin both to
 
two plants per stand at 10 cm tall.
 

Alternate ridges give slightly lower maize yields but are easier to

weed and spray. 
It is also better suited to tractor and bull ridging. If
 
this system is preferred, sow alternate ridges with maize stands at 20 cm
 
spacing and thin to one plant (or 40 cm with two plants).
''Fertilizer. On a hectare, apply 250 kg of boronated 
-,uperphosphate(BSP)
 
plus 200 kg of CAN or 100 kg of urea. Make basal application at or just

before sowing. Fertilizer can be spread along the old furrows or on
 
harrowed land before splitting the ridges, or it can be buried in a band
 
on one side of the new ridge away from direct contact with the seed. If

reluctant to apply,before sowing, apply th& basal dressing in a small
 
hole'about 10 cm from stand, or buried in a band to one side of the ridge,
 
very soon after the crops emerge.


Compound fertilizer is less suitable, but if LSP is not available,
 
use 200 kg/ha df 20:20:20 or 300 kg/ha of 15:15:15. A side dressing of

200 kg/ha of CAN or 100 kg/ha of urea should be applied five weeks after
 
sowing. In mixed row systems it may be buried in holes about 10 cm from
 
each stand or in a band along the side of the ridge. In the alternate
 
ridge system, apply about two-thirds of the side dreasing to maize and the
 
rest to cotton in the manner just decribed.
 
Weed control. Farmers with tractors or bulls can remould ridges up to the
 
time the maize becomes too tall. Hand weeding should take place soon after
 
the crop emerges. A second weeding is usually necessary after three to
 
four weeks, and the cotton should be weeded soon after maize harvest.
 

In the early season, herbicides may substitute for hoe-weeding. Crops

should be sown immediately after land preparation in a weed-free ridge, and
 
the herbicide applied not more thantwo days after sowing. 
If herbicides
 
are to be used, best results are obtained if both crops are planted at the
 
same time. If not, apply herbicide before germination of the first crop,

with a Knapsack Sprayer, apply 4 1/ha "Lasso 480 EC" (2 kg Alachlor) or
 
3 1/ha of "Dual 500 EC" (1 1/2 kg Metolachlor) in about 200 1/ha of water,

preferably using a CP3 sprayer. 
Very low volume application with the
 
"Herbisprayer" applicator is also acceptable. 
For this, use about 12 1/ha

of water, Hand-weed once when weeds have developed, and remould ridges at
 
the sametime.
 
Insecticide. Insecticide spraying is benefical for cotton that is 
sown
 
before the end of June, well fertilized, and in good stands. Late-sown
 
and weed-infested cotton makes insecticide spraying uneconomical. The
 
synthetic pyrethroids (Cymbush, Ambush, Decis) are cheaper than the older
 
insecticides (Audugatox, Vetox 85, etc), since the farmer needs only three
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applications of the former, as opposed to six applications of the latter. 
Harvesting Harvest maize as fresh cobs or dry grain and cut the straw 
-ownimmediately to reduce shading of cotton and to facilitate spraying. 

Cotton should be harvested as the bolls.split.
 

Analysis. The main concern was to assess the costs and returns to the 

£ individual farmer of this technology package. Consequently, each farmer's 

field was given equal wdilght by expressing all vAiables in per hectare 

terms prior to analysis. Some roundinginaccuracies resulted from this 

procedure and from the conversion from imperial units (in which some of 

.:--the-output-dateIwere collected): to metric-units. -

Two farmers who planted separate maize and cotton fields and one far

mer who planted only maize are left out of the aggregate analyses alto

gether. Of the 25 remaining fields, only'two were sparayed with a pre

emergence herbicide. In drawing up the partial budgets for participants,
 

the two above farmers were separated from the 23 who used no herbicide.
 

Although comparisons are made between these two groups of farmers, much 
caution is advised due to the very large discrepancy in sample size. 

RESULTS
 

Rainfall, 1983. There are no long-term rainfall figures for Mairuwa
 

since the weather statiun there is fairly new. Therefore the rainfall
 

figures available for 1983 are presented alongside those for Daudawa vil

lage, about 6 km morthwest of Mairuwa. The two villages were considered
 

close enough to each other to have similar amounts and distribution of
 

rainfall. In 1983, the rains started late and finished early (Table 1).
 

Table 1. Amount and distribution of rainfall around the project area
 

in 1983'.
 

Jul Aug Sep Oct Nov Dec Annual
Village Jan Feb Mar Apr May Jun 


_2 0 0 0 _3
120 253
Mairuwa 0 0 0 0 93 120 


Daudawa 0 0 0 0 94 97 150 285 127 0 0 0 751
 

Daudawa4 0 2 4 41 104 167 225 300 199 38 1 1 1082
 

1 Sources : Kaduna State Integrated Rural Development Project,
 

and.Norman (1974b).
 
2 Figxres not availaole.
 
3 Not calculable due to unavailable September figures.
 
4 1944-69 long-term average.
 

Total rainfall was only 69 per cent of the long-term average, and in
 

all months rainfall was below the average. TZB maize variety matures in
 

about 95 to 110 days after sowing, while cotton matures in about 130-170
 
days. The long-term average growing season at Daudawa has been estimated
 

to be in excess of 170 days (Norman, 1974b). The package could be suffi

ciently implemented in spite of the drought of 1983; this phenomenon may
 

figure very prominently in the acceptance of the technology.
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The latest recommended planting date for the mixture is June 15, but
 
Sthe rainsdid not prove sufficient until-the fourth week in June. The
 
mean planting date was July 2 for maize and July 4 f'or cotton,
 
Non-labor inputs. Non-labor 
.nputs for the 23 non-herbicide-using farmers
cost a.average of N '06.85 pei, hectare (Table 2). For the two farmers whoused herbicides, non-labor inpUts cost N 129.24, which:included N 41.43 inherbicides. 
This is about eqili to the N 41,51 spent on the first weedingby tb,' ndn-herbicide users. Overall, the two farmers who:applied herbi
c.de- appear-t-.have perftormedvery..poorly-,compared -to -the -rest-ofi-thegrouip. This may be due in par to the'rather complacent attitude towardsweeding that these two farmersadopted. .Only one of these two farmers

bothered to weed his field at 
tll, and even this farmer spent fewer hours on this operation than the rest of the farmers spent on the second and
 
subsequent weedings alone (Tabl' 3).
 

Overall, herbicide applicat,on proved too complicated for most farmers and they did not even consicer it. 
The two fields that were sprayed
 
were done by IAR staff.
 

The value of maize seed was qtet at the prevailing market price in
the local markets at the time of planting. Cotton seed was supplied free
to farmers by the Nigerian Cotton Board (NCB). Fertilizer was calculated
at its government-subsidized price -of N 0.036 per kilogram in 1983. Seed
dressing was valued at the 1983 market price of H 0.25 per packet.
 

Most farmers did not consider insecticide to be of any value. 
In
fact, some of them believed the insecticide to be harmful to their animals
left feeding in the fields after the cotton harvest. The project staff
managed to spray five fields, but insecticide application was not included
in the economic analysis since 1983 was exceptionally dry and relatively

free of most cotton pests.
 

All farmers used ox-drawn equipment to fulfil their 
land preparation
and ridge moulding functions. The oxen and associated equipment belonged
to certain farmers who hired them out to other farmers for a fee. For
 tnose hiring an ox-team, it is valued at the actual cost per bull-hour
minus the wage of the operators which is taken to be N 0.625 per manhour.
N 0.625 per manhour is the average wage rate in the study area and is al
so assumed 1-o be the cost of family labor.
 

Inputs other than labor accounted for an average of 37 percent 
of
the total cost of the maize-cotton package. Animal accounted for 64 per
cent of all non-labor costs, while fertilizers took up 27 percent 
of
 
these costs.
 
Labor. 
The average total labor requirement of maize-cotton production

Was 296.5 manhours for the 23 farmers who used no herbicides, and 171.9
manhours for the two farmers who applied herbicides. A1gain, the latter
 
two farmers were lax in their weeding, thus reducing both their labor
requirement and their yields. 
Among our 23 core farmers, hired labor comrised 76 percent 
 of the total labor requirement. No formal attempt was
made to study the source if this rather high percentage, but it may be due
to the relatively large farm size in the 
airuwa area and the apparent

absence of adult (14-40 year-old) young men in many of the families consi
dered in the'study
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Table 2. Cost and re,turns of n .Ze-cctton rcAture 9eo hectare. 

23 Non hrbicit e hf.,rbicide-

u.L ng farns using farms 

Gross returns
 

,ai.' yields, kg/ha 	 1163.4 332.2
 

Value, of maize, M/ha I 989.2 282.3 

Cotton yield, /ha 260.4 303.c' 

Value of cotton, N/ha1 	 182.3 212.6 

inputs
 
2 

Laur, manour/ha 
3


rmily 71.4 ( 44.6) 107.8 ( 67.4)
 

Hired 224.9 (126.4) 63.9 (140.2)
 

Total 296.4 (171.5) 171.7 (207.6)
 

Land, ha 	 0.9 0.8
 

Other inputs, N
 
N'ize seed 7.4 
 8.2
 

0.0
 

Seed dressing 1.5 1.7
 
CAH fertilizer 15.8 19.7
 
BSY fertilizer 10.5 12.3
 

Ier'bcide 0.0 41.4
 

Animal hire 61.7 


Cotton seed 	 T0O 


45.9
 

Total cost of materials 96.8 129.2
 

Net returnsl 

Per huctare 	 903.2 158.2
 

Per manhour (all labor) 	 3.1 0.0 

1 'Ihe value of maize is based on an estimated farm price of N 0.85rg for 

December 83 to May 84. The value of cotton is based on the Cotton 
board's prescrined fain price of N 0.70 for grade A cotton. Tt should 

be noted, however that in most cases, cotton buying aents pay farmers 

less than the legal price,
 

2 	The following conversions were used for man-hour' equivalents: Children 
7-14 years, I hour = 0.5 manhours; Women above 14 years, I hour, 0.75 
manhours; Ilen above 14 years, 1 hour = 1.00 manhours. 

3 	Figures in parentheses are the cost of the labor' in N. Hired labor is
 

valued at actual cost; family labor is valued at N 0.625/manhour, the
 
estimated average cost of hiring labor in the area.
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Table 3. Labor di,:.tribn.tion 'by operation. 

23 	Nmnerbxide- 2 tar' ,icide--usinte 
UAK:!i r D"Ism;: 	 Fr
 

Couse- dou-e-
Operation lad !ii{A l_ hol'd Totalqotal Iiirc d 

---------------h-r' ---------------- ----- ---

Basal Fertilizer 7.8 5.2 13J) 9.6 0.0 9.6 
application 

Land preparation '1.5 5.4 7.0 3.2 3.4 6.7
 

Sowing 	 2.1 25.0 2f .0 15.3 6.8 22.1 

Herbicide 0.x 0 .0 0.0 0.0 3. 3.1 

application 

Fertilizer 6.2 4,7 10.9 15.0 0,0 15.0 

siledressing 

First weeding 26.0 29.8 55.8 10.1 0.0 10.1 

Second and 8.2 17y 26.0 0.0 0.0 0.0
 

other weedings
 

Ridge mouldin'g 2.5 4.6 7.1 7.4 0.0 7.4 

2
Maize harvesting 12,5 84.6 97.1 24.5 27. 51.6 

Cotton pickinfg 4.4 48,3 52.7 21.6 24.7 46.3 

Total3 	 '1 . 205.3 296.5 106.7 65.2 17.9 

includes thinning. 

2 Includes threshing. 

Total figures may vary ol htly frcm thnose in Taible 2 because of rounding, 

Table 3 gives a ,reakdcwn of ltor inputs by operation. Since all 
fields had been in cultivation in the previous season, the labor input for 

land preparation was rel:atively 5,ll. ad virtually all of it to rid.J went 
ging. All preparation ;sed ,xe*'.-ra- equipment, 

Most for-mers madZe ridga- an then spread basal fertilizer along all 
the ridges. Sore Camra broadcnst the basal fertilizer on the old furrows 
or harrowed land before ,pl itti.g te' ridges. Compared to Normnn's Daudawa 

study (19761 where Certilizerwa; aplied as dressing to each plant, basal 

fertilizer pplicati on i the current project,was simple and not time-consu

ming. The ,okfertilizer sido dressing which o fertilizer to each individual
 

stand used up almost the same ameunt of Lime as the basal application despite 

the fact that the former was only about 4,0percent of the latter in quanti-. 

ty. 

Apart from harvesting, weeding and remoulding the ridges had the lar

gest labor requirement, taking up 88.9 manhours on the average. Weeding
 

the crops planted on the same row took up considerably more labcr than wee

ding the crops planted on alternate 'ows, presumably because of the higher
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Splant densitiesin the former arrangement'.
 

Labor for harvesting accounted for 51 percent of the total labor in
put in the production of the maize-cotton package. Maize harvesting alone 
took. up 84.6 manhours and the vast majority of these hours were spent in 
removing the crop from the field 'and threshing it, The amoint of time and 
money spent on cotton harvesting may be undervalued because most of the 
operation is left to old women and children who are paid only a meagre, 
fraction of the wage rates paid t -men. . 

Outut. The average yield of maize was 1163.4 kg/ham One farmer obtained ...........zero the,_highest yield of,maize was 3021.2'kg/ha'. -+-maize yield, -while -. The...... 
per he~tare yield of cotton also varied from zero on two fields to 1151.5 
kg/ha on the highest coton-producing field, while the average yield was 
260.4 kg/ha. On experimental plots in Samaru using alternate rows of cotton 
and maize, Fisher bad obtained average yields of 1236.0 kg/ha for maize, and 
1160.4 kg/ha for cotton. Other experiments have achieved considerably hi
gher yields of maize. On experimental plots in Samaru between 1980 and
 
1982, Kumar obtained yields of' 3916.7 kg/ha for maize and 12'18.3 kg/ha for
 
cotton by mixing crops on the same ridge. On-farm trials were conducted by
 
Abalu, et al., (1984) at Dutsen Wai (1983) using sole maize and sole cotton.
 
They reported yields of 915.7 kg/ha for maize and 218.2 kg/ha for cotton.
 

There was only one case of maize failure (Table 4); the concerned
 
farmer planted late and did not take good care of*.his crop through the es
tablishment stage. In the three cases of cotton/failure, the concerned
 
farmers appeared to be interested only in the m'4ze component of the pac
kage; in fact one of them planted his cotton alr' st three weeks after plan
ting the6maize. Although,.on average, yields were considerably below those
 
grown under the best experimental conditions, only-one farmer (the one with
 
the failed maize) did not manage to cover his costs. In fact, it is deba
table whether we can expect the average farmer to reproduce the yields that
 
are obtainable under experimental conditions.
 

Although no statistical tests have yet been conducted concerning the
 
factors influencing yields, the scientists on the project suggested seve
ral variables that should be taken into consideration. One is the timing
 
of the planting. Many farmers may have planted too late for the crop to
 
become well established. The second factor is fertilizer use. According
 
to the records, the amount of fertilizer provided to farmers represented
 
a rate of fertilization that was somewhat greater than that recommended
 
by the package. Nevertheless, some of the researchers felt that a number
 
of the farmers may have diverted some fertilizer away from the project,
 
thus leading to lower than expected yields, although there was no solid
 
evidence of this assertion. Some researchers believed that the method of
 
application did not ensure maximum utilization of the input by the crop.
 
Stand count was the third variable thought to have strongly influenced the
 
yields. No dependable records of plant densities were maintained. Never
theless, the researchers felt fields having the largest plant densities
 
also produced the largest yields. Some farmers expressed opposition to
 
the rather close spacing suggested in the package because they felt that
 
close rows were difficult to seed and/or the closeness of the plants resul
ted in small maize cobs (Bbuyemusoke, 1984). The fourth factor thought to
 
influence yield was the effectiveness of the weeding operation, which was
 
in turn largely a Function of'its timing. It was hypothesized that those
 
who weeded early reduced the competition between the weeds and the young
 
crops and thereby increased their yields.
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Table 4. Mean yield of maize and cotton for .'c?, farme:r. 

ilat Ctto 
Totwl'~Y
 

Yield
Fariei" Area e.,&St Yield IIv,, :. 

Code l,: Vg,' 1 a kgiha 

01 0.334 69 -, 1301.3 148.6 278.3 
U-:2' (D 9;2 436. ,W N2. 12&.' 127.6

03 0L520 6362. 122 0 200.2 
04 0,736 i,.3 ,5 . 74.7 
05 0071c 6.0 05 ',' i 151.1 

06 0.49E 40h . 5 4. 81.2 
07 0.C17 6)7' 3.1) 165.22;.67.08 1. W533V 1610 0& ..3 ,0 93 1 3 .6.- 126.2 
091 0.57 !.'- 6 :-8. 480.1 

0 - ,4 271.6 
11 0 e116".3 .5 14.3.- '1' . 190.1 
12 .0"5 166h.6 662.0 0.0 0.0 

10 1. .. 1272 !C12 C 

13 .7I 109.9 2399,4 ,. 526.6 

14 0535 1776.0 1899.5 j1.O 233.2 
15 0.312 2.9.1 639.0 4/. 154. 1 
16 1.0 664.3 587.9 35 KC 310.6 
17 0.872030.4 1181.7 3-1- 395.6 
18 0.66 2000.0 3021.2 3E6N 552.9
 
20 1.030 2635.0 2538.2 . 1151.5
 
21 0.775 0.0 0.0 50 20. 6
 

' 
22 0.877 456.8 520.9 - ., 21.9
 
23 1.420 730.4 514. 4 -7 .0 262.7
 
24 0.s81 340.9 436.5 30.30. 5
 
25 1.387 1635.0 1176.8 0.0 0.0
 
27 0,844 50?.4 596.5 0.( 0.0
 

1 Used herbicira. 

It in app ren; that in oc , to Ero,; theur:r'o';cd m .ize-c. )n mixture 
successfully a :a'r.ur should aopt, the c',,',t.ckag oCfimproved prac
tices. He should no; ado't only those parts that fit. his particular far
ming sy'ste, and i r t st.o 

Profit. Profit is, K"cour)se, cacud frO' h voume Of output, the pri

ces of tho output, and t,, cost produchri,: t,] -1l results showotp:. 
profit of H 903.19 per ie't".. for the qlr 3.0. net; cope farme i 
return pcr manhour (t, e 2' ). '. . . '' y .. compar.ed, f'-,", seem h irhe 

for example, 't £ t ' of in Daudawa....to ...... 

in 1973 anrIr: 1971), b o nme nrl t' i-ntor :'.C,: t the i.,:t 

that the ganeral price level in Nigeria ha.s gon up by 300 to 400 percent 
in the last 10 years. 

Again, no statitical tests have been conucte& on the rel'ationsip 
between yield and profits, but a cursory !ook at the budgets suggests that 
farmers with the higher yields show higher profits than the farmers with 

http:compar.ed
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lower yields. This contention appears to be supported by. the 
fact that
 

costs have a lower variance than yieldsgross returns, 
and profits, sug

gesting that costs represent a constant for the 
various farms studied.
 

Profits may also have been boosted by the fact that 
the price of
 

maize rose sharply in the 1983/84 post-harvest season 
because of the gene-


For example, the
 
ral grain shortage that accompanied the 1983 drought. 

at ,N0.40/kg, butr the farmers' 
seed planted by farmers in 1983 was valued 

valued at N 0.85/kg between December 1983 and May 1984.
 
maize output was 

of M 0.70, as set by the.Cotton Board, was used The legal farm price 
Often, however the Board's Licenced
 to calculate revenues from cotton. 
 .A..surve-.of3..of,i..project's.Buying-Agents pay-less-than the set-pric 


average of.N 0,60/kg for their
 farmers revealed that they received an 


If this lower price were used, net returns would 
decline by
 

cotton. 

N 26.04 per hectare.,
 

Markets for maize and'cotton. Inevitably; the farmer's assessment of the
 

ottn dictates both Ithe amount planted and the exnarket For maize an 


tent to which farmers are willing to adopt improved 
production technolo

gies for those crops. Although no provisions were made for studying the
 

markets for the outputs in the current project, any results 
would have
 

to be tempered by this consideration.
 

Little a prori information exists on the 
market for maize in nor

because the crop is relatively new. But Norman 
thern N,;igeria i=anly 

(1976) has suggested that the potential for this 
market hinges on
 

(1) the willingness of northern consumers to substitute 
maize for
 

sorghum in their diets,
 

(2) the ability to tap the southern market for human 
consumption,
 

(3) the development of a feed grains outlet, and
 

(4) the development of agro-industries like starch 
and oil processing.
 

An informal survey of the project farmers indicated 
that they con

sumed some of the maize in the household, sold some 
in the local human
 

market, and kept some for planting. In 1983, the drought made maize market
 

conditions very favorable for the farmer since there 
was a general shortage
 

to be sustained in the future,
If increases in production are
of cereals. 

however, greater attention needs to be paid to developing 

markets as well
 

as to marketing systems for maize.
 

As already mentioned, cotton production is on the 
decline in the nor-


The primary reascn for this decline s unfavorable
 
thern Guinea savanna. 

market conditions. The farmers feel that the price paid for their crop
 

some of the project
 
can hardly cover the cost of production. Indeed, 


":mers expressed a wish to grow maize-sorghum or 
maize-cowpea mixtures
 

rather than the maize-cotton mixture, due to the 
higher market value of
 

It was also obvious to the project researchers that
 the former crops. 

farmers greatly prei.erred the maize component of 

the package, and that to
 

some extent the cotton crop suffered because of the lower level 
attention
 

given to it.
 

CONCLUSION
 

The maize-cotton mixed cropping package performed 
fairly well under
 

One should be quick to point out,
 the adverse weather conditions of 1983. 


of course, that the profitability of the package 
was greatly enhqnced by
 

the very favorable maize prices that prevailed at 
the end of the growing
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season. Despite the drought, the highest maize yield (3021.2 kg/ha) was
 
close to yields obtained under experimental conditions in Samaru; and
 
there were several yields of 2000,kg/ha and over. The highest cotton
 
yield (1151.5 kg/ha) also compared well with yields under experimental
 
conditions. The results would indicate that even better performances
 
should be expected under more favorable weather conditions.
 

The development of maize markets and marketing facilities should 
enhance the acceptability of the package. It is also imparative that 
existing market arrangements-for cotton be radically improved to make the 
cotton component-of.the packagg more'attractive.......... .................. 
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Sibiri SAWADOCO , Joserh C. NAGY ariivho'4(rt W. orm 

tin ataditicorial 
Faso and througot nc a Wa-jfia uch an.3.c.atlon ma-y invOlve CC
reals only. rc)-eslr3 art fran musadc,_r-l and cer~tain cas!hj-crops.
vi.11agroaudc *jio t-r j7.'' 4" ''''W that a very small 
pcrtion of' crealJ I'ir1 a a a 1a. 13"' of' m'i 1ior fields, 1% 

Crop 	 -,Icix .9 r leulturaL practice in Buirkina 

to 27%~ cf rcc 'e 1 ri 1 11V, t,-,-p *11 r 'rr t' >)orghur fieid and 7%, 
to 2'' ,, 	 tnhr*',,Nor ,, 11;84). Amrong th~e 
types 	of t'm-j,I R mo:ni: 'mn' n encountered are 
thoaae 	 in;,_.v~in[ eQ nd T i.:; ;-scL.Iociited in, 70' 
to 9%of 51 1 -lt 	 A_ 0lUM ' 'd -r o1 
of' whir'e o-h Iie ' 1 u' w-p4oa in' vel'y 

tioli tha a ' 'I 

rlsko 	 lj,*mi''I''1i,'i"_ if-4 t i tl'a'himinimizaaor rproCirt 
tiont OF 	 Cyroma I rojcCtpest 
mnd ti i'''*Ior 	 ''''~e 'it climai~tic 
strnra 'a ivy t o; :, :on 'h-''Prote:tion and 
lmprcvem'rrrt r a £ii t kcdr-r'-.' in :oA-'I vo''ne a better 

utlizaton _,f s1, l ad 

Th. am''i'''' naa 1 ' in prticularni 
01osc o' 1 ;!-f'''"OL' a a haivea.- 11Clflli[KPafarmr, 
shown "rl 'sin' 1ant p or PF, Ii Inrscnf I,'' 

ebjt' 'ri Q I P n or foliage
surlu 	 from thC'io'"~ia ~ l 'i r''-' 'li'ntceras 

lie i 	 th'v''ea crop arafd in; 0 
'I, '11.' IJ" - woruld lead t"- a 

do:,rea 1 '-,'h th ilou!,4-) 'Pr'iijniot 	 y fa'rmin o. 
0,~~ ~ Cornp- 'F,11,;,4 but its e dibleo le-Nes, ae 

or'atly inr !r- nu'nn 1' in'- tho rrrr'r "r'r'en. Al.so,dom' 'r,-i Pr a 
th lea r-''-arc nirvo'r'ci .c t~ rat.1c ' tiP 'fduning t1-he dry seoson. 

lTh. inich Ir''" 'a -Q'otr -n mov conte-t, ands to,, the divcr

:Swvcral_ i 'rp'-ri~"'t C )nii. ~ i'v to~... an:;-ociaairons car) be 
d~awr f'rom rtui ' W ,n'' 

1)tl-re pro f. 1-,';ii -1i ". r'''a'l) a~n Inrecitfic 
to thra t.'nn ca is-~' r 'mJl; J!, termo of' soil 

(2) cowpr'a )nd i ' Jj ' -c Il' ''i t' P.In of'-'r' 	 cioil 

(3) in thie syser l'r Ti'-'cra 	 Pncreals with compact 
plant 	 trt tt i''i'-urr i ocwpaforlder LroduC lajin 

than1 cereasw' '~ '' Brt 3'ruc.tune 
(4 ) storg7hrcowpe,.: rnod be''ia'a: tter to fertilizers than 

lAgricultura~l 17.cnnomi-st at '21A,1urlina IFal-,. and AriCUl1t.riral. Economist 
and Arnrita 2/Adr o nect.i t'iy. 

24 9 
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1 .
Muleba ind Frnckman ( 984) hav show that in tire sudanjan savanna,
 

soil and water rnnr;ernont appears to bce a dec.isive element in LIe syL.c'!
 
" .i ,p::y a 1y jtuvimnj ridli_ cul.1vars
of maize-cowpea re]y.ceoppl .g. 


and tied ridg,rrg techniq aes , . . I Is' to iiruI t rate I.t, coWpe0
 

can be successf'utlys u.tivrt.e in r''Iy with maL-.'r vI-. t c_1ui Inr a
 

da.ci-ease in thu yield oF the _''(owpel hr pited uric, mith after

maize. owever, Ihe rit i r o is ma i.. iy irtIcic by tho
t y jid 

quantity and distribution of' rains inr Serpt crl,:,'.
 

The bjcL.. or FU/S'FC!r PD stud ies ,re t' her. wc:. 	 to d termine 
in curi.pet.ithe perfoniaricc of' the systems of cere!l a ,aperardocit iON 


tion with coresis so]e-croptir: ok, vr thraitiri;. syrtur's o. associa

tions. The .ri;i wore conrducl v r aevcea. yeec; but herr- we are
 
of' 198 .nd 19K.'.tlo" tiailsreporting 

't expcl'i neat a Weci" cO(?diic td on riai orid mixi.l let at,,;,ociatiors WitLh 

thie FLU 


vill,2gr sites , at " r..;igiO oa Poedogo, loclted rospect ively
 

110 kim and 30 km rio'th-ea' .. id 130 1011south of OiLaiduno ard at
 

km nor'tLi-ie it robo-.D ]'ho-;c .rotaLtions represent
 

cowpe:-. They were corCie'Ids i or .ri ' da nrear Lie research 

-, -ou'--o.Dissankuy, l;'O 
it'onmencs. exper'imeritsdifferent ecological ind sor iviem]c ,rv The 


were carried out. by tft 1 ,- . iui.ux'u tur ci i;x at roied in each
Fin 
the supervisioll jrorij tori ic or thu,'eosearclaers, Thevillage, under 

tie.1- :i and c.d v:tra,,iizetreatments involved ]oc m-ill. va-i 


and cowpea vartieties, two ['evel s oi' ,rlnaoixr'r !. '0 (it, iri.Lio',iq
 

and imprnve,-I) a)d several unsitie orf sscri.aiion ;r' UnLd, of' :ding.
 

The levels of' improvedl mr'ifeltrrr inove d tied ri::es rid thr. se o
 
r-ampa;tfertili'7,ers arid is' c. i-(u1 ical ,xr' i Ie. icc' of' e c ci r' 


(spreading)1and photoper'',d insit .'; J.gc:'the introdrce'd v.rieties
 

are photoper . nd'rand e rect
ar, II hi'bit of, icroath 

' . ' ",, (r ii fr'O r'd i about ti,.-: 1 r'ic e- 01 CrniorrThe economic 'in 

of t he
reals, cowpci , -i'.rc;, ii,,i IA rd the , 	 itlal coat 


of products aind
sprayer. For' thX purpo'.m o c . xiii, . I'' )t. ri 


factors of production fi 124 icr'w'se to -,rial"Yz'le tire dHirca .,f 1983. The
 

reqired for as ,e din, :ippllyin fkrv;.lizer'" arid
additional Labor 

spraying w.s aiso recroirod for t '. Th"-' parrmeters were
 

of ft.U -il]dailaff. 'this infor'rmationsynthc'iszad fC',m Lied experierice is
 

footnoted ii Tables , i o 3.
 

frum the mrillet/
The economic anal ysi.r only camo'dei ed the revenues 

maize and a:owus ior' a is. renefits rcci'','d f','tom other sorIces such .s tile
 

of the cowpea
use of the stocks fCor CLeciiig o i tnthe ihrhold or the use 


vegetatlr:, f'or h iu eori.rarptIior o arm .1 Fodde'r' is not rncj.uded in Lhe
 

budget analysis. C'rr,.yc,''er efect's ol' f.1i'ii,ae have : ,I'o not b'cn in

cluded in the ar.i ysi, -iowevcr, if'i y ising 'a 25i
ivi mllys is 
cost '-io.[iescarryover of' beth 1/-3-1 :rd irC'x. -,.rr aopport ity 


pois made in the llmcsuLts aind
economic resl ts that do not alte the 


Discussion part rf the paper.
 

Fxperiment. I: __ - Acraoc.tioa , 923. 'he obj ective of this
 

tdoLet '..'riprc the peeornice of associtions
-il1et-cewpesexperiment, as 
under farmers' conditions in r'elation acmillet solecropping or to tradi

tional low density aosoc iatioris.
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The experiment was conducted in 1983 at B'mgsnK and DIankuy .
 
The experimental desin was a randomii:ed comp tt, block wi th C11,' blocks.
 

.
The seven treatmen ts including thrc po l, tpa... den" t '' and two manage
ment levels werc the folowin':
 

(1) mi lt solec'opped a L a sendL ng A nsit y o 31,.KO Oart:/ha; 
(2) iM at 31,250 pLants/hD ;I ILM Coq .,WO plants/haaowte:I 

seeded a-1li,' ,v-ry socond row or wi.t,; 
(3) 	 mIM at 3i,250 plnts/ha, ]l., owmA at 31,5 planttha, 

CoWl)pa' were seedd along the i . n
(4) 	 millet anid IoW co,,'p' aL r.,.tv'ly a sd ln density of' 

2,500 plat.-Jha, wre ' in bwtw','en rcwscowpo'.ar wer ed rews the 
-of Mil 1 t; 

(5) 	 mil1et at 31,70 p1a ts/la, TArX 3226 at 7,800 piant/ha seeded 
as [ ']'al~ 'Lie;'-- -'u{ 

(6) 	 millet vrnd TVX 106 At 3,250 plan t/ha .eded as in Tre ment 
3 .bre; 

(7) 	 mi]i :t and IVY 3235 nt 62,500 a 'edcd alantza/ti'i in Treatment 
4 'hOVe 

For all trall 'i ts, rows of' millet were 80 cm apart. Millet and 
cowpea were joded on the .nm; e date Under Ti'reatments 3, 4, 6 and 7, 
cowpe, was tvated ,iith Thiodan (1 /ha) at flowering time and IC days 
later. 

Ax__xerflent I l[ot-Cowraa LAsociationLu_ I 84 . The object i Ve of this ex
perimern, w ao r-vAluat the pertornrmce of on-farm millet-cowpea asso
ciation in comparing traditional dc-nsities and in combining various 
densities of cowpe and mill-et. The expe-r imerit was conducted at Poedogo 
and ilangasa in 1984. 'i'hp e.:erlmontal design was a raa-do.'" is.d complete 
block. The seven t m'rt-,'nt c,4re the following: 

(1) 	 ni. be - ,c,-cropped at th'c den:sity of' 31,.750 pl inLs/ha: 
(2) 	 millet at 31,250 plants/ha and local cowpea at 7,800 plants/ha, 

cOWpe ;p !oeti1 in rown tcetwr. e-very c'oend row of' mil].et 
(3) 	 mi.llet aid Ica. couwpa at 3i1,250 plants ha ewuh, conpeas seeded 

in rowsa h.twen rows o." !eclile.; 
(4) 	 miillt at 31,250 plrts/ha arid local ospea at 62,500 plants/ha 

cowpeas seeded in rows between rows of millet; 
(5) 	 millet luca. cowp)ca at 62,500 plantsnha, cowpeas seeded-d each 


in rows' betw.eon row4l of mi]llet;
 
(6) 	 millet it 31,250 plant/ha and TVX 3236 at 62,500 nlants/hr' 

seeded :i'in Tr.TtniLnt. -4 above; 
(7) 	 millet and TVX 0326 each at 6P,100 plants/ha, seeded as in 

Troit ment 5 "bove. 

For all treatmenAt, rowi o" millet wero 80 cm apart. Millet and cow
peas were seedud on the same date. No Pcitillz.er was applied. Cowpeas 
were treated with I 1/hi of' DECIS and Thi'-tan i,op-ctivejy at flowering 
time and 10 days later. 

Experiment Ili: tlaijz-,-coea Afss.:ciation. The maize varieties were 
SAFITA-2 (dev, Loped by !IT.,") and local maize; the cowr.en varieties included 
the ( .hot.operiod snsiti,e and rampant) local. var'iety and TVX 3236 (photo
period insensitive -nd with erect habit). The improved management involved 
tied ridges, the applicat.on oft fertiliz'ers and insecticides whereat, the 
traditional managerti-. waia the farmer': practice without tied ridges and 
without fertilizers. 

http:applicat.on
http:Pcitillz.er
http:cowpo'.ar
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The experiment was conducted at Poedogo and Nedogo in 1984. The 
experimental design was a randomized'complete block with three blocks.
 

The six treatments were the fo]owing:
 
(1)Local maize and local cowpea under traditional management:
 

.. 	 without fertilizer and without tied ridges. At Nedogo, maize' 
and cowpea were seeded at the same date, whereas at Poedogo, '. 

cowpea was seeded three weeks after'maize.e 
(2)Local maize and local cowpea under improved management: tied 

ridges constructed prior to'seeding, 200,kviha of cotton fertil

izer, 14-23-15, applied in a band at 10-15cm from the rows of 
maize at seeding time and 50 kg/ha of urea applied in pockets
 
at 10-15 cm from the maize seedlings one month after seeding.
 

(3)SAFITA-2 and TVX 3236 under traditional management., Cowpea was 
seeded'one week after maize had-reached 50%' of-silk at Nedogo- .. . 
and, four weeks after maize seeding at Poedogo due to the late 
date of maize seeding. 

(4)SAFITA-2 and TVX 3236 under improved management: as in Treat
ment 2. The dates of cowpea and maize seeding were ths same as 
in Treatment 3. 

(5)SAFITA-2 and local cowpea under traditional management, as in
 
Treatment 1. Cowpea was seeded three weeks after maize at
 
Nedogo and Poedogo.
 

(6)SAFITA-2 and local ;owpea under improved management as in
 
Treatment 2. Cowpea was seeded three weeks after maize'at
 
Nedoeo and Poedogo.
 

Insecticide treatments were applied to the cowpea at the rate of
 
1 1/ha of DECIS and Thiodan, respectively at flowering time and 10 to 14
 
days later. At the two locations, the plots were on slightly sloping
 
soils considered by the farmers as soils fit for sorghum.
 

RESULTS AND DISCUSSION
 

Experiment 1. At Dissankuy where the conditions cf soil moisture and
 
fertility were favorable, it is noted that medium and high densities of
 
cowpea (31,250 and 62,500 plants/ha respectively) did not cause a decrease
 
in millet yield (Table 1). Under Treatment 7, (high density cowpea),
 
millet yield was even higher than yield under solecropping. The high and
 
medium population densities of cowpea resulted in yields significantly
 
higher than that of the low population density of cowpea. Total grain
 
yield of the two crops was significantly higher under inter-cropping
 
than millet solecropped. Except for Treatment 6, total yields of the two
 
crops were higher with high and medium densities than with low densities.
 

At Bangasse under limiting conditions of soil moisture and fertility,
 
the medium and high densities of cowpea tended to decrease millet yield
 
(Treatments 3 and 4). For all treatments involving medium and high
 
densities of cowpea, (Treatments 3,4, 6, and 7) cowpea yields were
 
significantly higher (Treatments 3, 4, 7) or equal to (Treatment 6) than
 
the yield of cowpea at the low population density (Treatment 2).
 

The economic analysis indicates that at Dissankuy, all the millet
cowpea associations (Treatments 2 through 7) gave a greater net return
 
than did solecropping (Treatment 1). Also, all the millet-cowpea associa
tions gave a positive return/hrf6'rthe additional labor required over
 
sole-cropping. Treatments 4 and 7 gave the largest net returns. However,
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IBIle,1. illet and Cowoca Intercrop, 1903. 

..............................................................
 
Treatierits If 

LP2 L ? .2 th2 iP. LC3013 	 21 
LIC! LC i.C3 TO) TX72 Th S.E. 

Mi!let fletd, g"/ha 092 1812 1569 125,' 25O i7?2 20481 11.2 
6ah in ilel Yied Cver Treatment I - 120 177 I6 I) 100 t 6 
Colmea dm1d, kqihi - 26 7050 88Th 121 4221 601 43.2 
Eain in Copea iteld Over Teeatment 2 - - 440 7A 159 41 
hiliet t Coepoa Yield, kqiha 1692 20751 2572tO 2e 2023 214 ' 129 107.6 
6ain fliillet . Cvvyne (ield Over Ireatent 1 -. 383 601-2S,I,t 122 1037 

Net Reven1e, 'ogo F, 	 156 193 2! ' 241 2 1460 2' 
Esin il Net Rvnue Uvtr -!tint I, '000 CFA. - 37 7! 33 29 40 9% 
Return/hr of hddit.icnal iah'r, C. 4/ - - 2500 !00 16t 211 474 
fin in49t [,venue yenrIrratgPnt 2 '000 CFA, -37 - "S 56 - 2 53 
Returnmrof AdditicW( f 1 1 1 A. - - 585 062 13 236 

Banaosfr 
nililt Yield, 1)3/: 464 391 2934 2441a 450 307 391 6T.0 
6aiin Milet field Over To/ent 1- -73 -171 -2( -14 -77 -73 
CoOIpe4Yln!-,/lhm 	 - 164 72" /f 275 37.23210 92 3191 

Sain I2 w 2 129 71
-12
livd Pver 	 154,ant -97 15
 
4iilet + 2Uwpr.e nio3 /0ha 	 464 555 609 526 516 622 7101 92.7 
Siin inFillt , Ltns Yiel Dier Tvivtvt I 91 14! 62 52 158 2& 

Net PeYmnue, '%oo Cre,2. 43 22 48 10 49 48 57 
3ainin?o4Re,,-nue rnat vet 2, 000 2Fn. 9 5 -3 5 5 14O,r 
Return/hr ot Alditinvla lehor, CF. 4/ 167 29 26 74 
bain in Met Revenue Over Treatue't 2, '000 CFA. .- -4 -4 -4 51 -12 

Return/hr of Additminal labor, C. i,i 	 22-

1/	LN - locil illet varie!ies: LC :I.o al indeterem.ate coapea varietien; TVX = TVX 3236 determinate cowpea
varie:y IITA).Dvit:es of 7,800, 31,250, nd 62,500 pl4aoL t are identified by the numbers 1, 2, and 3 
respectively fnllowiip thy nillel and coopea Adnlifiers. NotUed ridging or fertilization. Millet and 
cowpeos ,vere nlanteu onthe sace day in diiferent pucketo. 

21 S.E. n standard Lrror ol the diHference hetueen too treateeni onams,In the table, yields with anasterisk
 
(9)indicate that the dilfereire between this aean y.eid and the aean yield of tr-eateL I i' greater than 
twice toe staidard error. Yiei followed by a (0)indicate 0.at tie difference between this mevayield
 
and the aear.
yield of treatment 2 isgreater than teici thestandard error. The coeficient ofvariation 
(CV%) for Gillet, ceota ind aillet + cowpen at 9issankuy arE 17,0. 23.8 and 13.2 and at Bangause 36.9, 
32 3 and 31.3 renpectiveiy. 

3/Net Revenue - Yield ofnmilt and cowpea x pr:, ainus the coits of insecticide;, sprays and the cap!il 
cost of the Eprayei. Te mlet price is 92 CFA/kQ prite) and the compe2(1984 fal: OFPN-0C price is100 
CFA/kg (1194 host harvwsc price), DEC S andThiodan insecticide cost 5000 CF!litre. I:,e ofcapital cost 
tle sprayer i5800 CFA/ha. 

4/ 	Return/hr of adeitinvel labor -s calculated as the gain innet revenue - addithonal labor hours required 
over treatent I or treatient 2 frr planting, spra'mng and weeding. The additionai labor required above 
that of treatment ! is 0. 30, 30, 175, 190, and 190 nan-enuivalsnt hours respert,velv for treatments 2 
through 7. *hen coprinq treatments I and treateento 3 through 7 to treatment 2, the additional labor 
required is1,65, 65, 210, 225 and 225 aan-cquivauznt hours respectively. 
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is, Treatment 4 
and local cowpea) followed by-Treatmeut 3 (medium density millet and 
when labor is limiting as i t ,usually 	 (high density millet 

V 	 local cowpea) gave the greatest return/br for the additionaI labor. When 
comparing the Low density mi le. cowpea (Treatment 2) to the other millet 

co.pea associations ('reatmnts 3 through 7), Treatments 3, 4 and 7 gave 
i).a higher net return along with a positive return/hr for additional labor
" 


requirements. Again, Treatments 3 and 4 gave the highest return/hr for
 
At Bangasse, only Treatment 7
the additional labor that is involved. 

gave a higher net return than solecropping. The net returns of the low 
were higher than the net returnsdensitymillet-cowpea (Treatment 2) 


The return/hr for the additional labor of
of Treatments.3 through 6. 

treatments
Treatments 3 through6 is at best zero and is negative for all 

I 3 through 7 when considering the opportunity cost of the labor. 

. .7 Under favorable cbnditions of-rainfall and fertilityADissankuy) , 

it may be more economical for the farmers to increase the population' 

densities of their millet-cowpea associations with respect to their
 

current practice. But under very limited conditions of rainfall and
 

fertility (Bangasse), the densities presently used by farmers seem more
 

profitable.
 

Experiment II. At Poedogo, cowpea associations caused decreases in millet
 

yield as compared to solecropping (Table 2). This was due to severe
 

drought at the beginning of the season which jeopardized the development
 

However, it is noted that under these conditions, tradiof the cereal. 

The local varitional practice resulted in the highest yield of millet. 


ety of cowpea yielded more than the TVX 3236 variety. The high and medium
 

population densities of local cowpea resulted in yields at least equal to
 

cowpea yield at the low density (Treatment 2) whereas the TVX 3236 vari

ety had significantly lower yields (Treatments 6 and 7).
 

However, the highest grain yields of the two crops combined were
 

obtained with the traditional system of association. Total grain yields
 

of cowpea and millet in association were not significantly different from
 

the grain yield of solecropped millet. (Treatments 3 through 7) vs
 

Treatment 1).
 

At Bangasse, because of favorable rainfall early in the season, the
 

cowpea association did not catao a significant decrease in millet yield
 

(in comparison with solecropped millet). No treatment had a grain yield
 

higher than the traditional treatment (Treatment 2). In terms of total
 
grain yield of the two crops, only Treatment 4 did not have yields higher 

that the yield of solecropped mllet (Treatment 1). As at Poedogo, millet 

at 31,250 and cowpeas at 7,800 plants/ha resulted in the highest total 

grain yield. 

The early-flowering, determinate cowpea variety, TVX 3236, produced
 

greater yields than the indeterminate variety, Ouahigouya local, at
 

Bangasse. TVX 3236 developed good growth early in the season because of
 

favorable rainfall, and began flowering on 27 July and the seeds were
 
The indetermiwell-filled by mid-August when the drought stress began. 


nate cowpea variety began flowering at mid-August.
 

The economic analysis indicates that at Poedogo1 where there was
 

severe moisture stress early in the season, only the low density millet
 

and local cowpea (Treatment 2) gave higher net returns than solecropping
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Table 2.Millet and Cowopa Intercro., 1924.
 

Troatents 1/
 

II1) i (41 ) W(61 17)
 
LP2 tS2 1.2 1L2 L0 L LN! 2/
9 12 


LCi LC,2 UT3 LC 7VX3 9V) S.E.
 

ililet field, ky/ha 	 ?!131 % 12"7r 4 94 P911 5 9 62A '5T.2 
Sain 0iNlltt Yield Ovr trlteent I - -252 -31 -527 .7 ".57 -328
 
Cuwpea Yield, L9/h. 542 61b 6474 62 3021 324 57.2
 
Eal ini Cpea fiald Over Trea'ent 2 - 74 125 80 -240 -240
 
rli,'kt C.nnpve tnl 	 1243t 1086 90)2field1, 5; 104311 1013$1 KS'2 92.4
 
tain inflillet * C,'ea !!vld gvr Trmiternt I - 290 V5 124 55 -57 -26
 

Vet feneer., 3/ 	 801 4 !5 77b'e; CFA2, 8 39 B7 

4ain t OnLnur i.'nr Treaent I, '200 tEA. 20 2 6 -i -1 -!H 


cccli r 700o
Retur/hr of 3061t I~t EOP / 67 - - -
G in Pnceue OIL"- 2,'00 CFA. -1 -14 -21 -33 -31ille Len tv -0 
Returo/hr v Oddi t cr, 4/ - - f20. I -

Banei 3 
hauet Yid la 193 234 287 4 287 219 370113 66.1 
Gairin l It Led Ove, Iraetent I 48 94 47 4 26 177 
Cuv fie, au/ha - 221 143 99; 90 16 153 43.9 
.ain inCoeea Yit ver Treaen 2 - - -0£ -122 -122 -52 -5 
Millet teopyeie$ d, kqh 1421 4551 43O 37- 35 308 5231 78.8 
Waln in Millrt Copmna Yield Over Treateent 1 - 262 237 14I 122 195 330 

Net Pevnue, 'nonCFA. 31 If 33 30 21 21 26 39 
Fain ' W OveueuF.Over lretennt 1,'22 II 12 3 1 21P 8 
Retur;n/hr of Aedtionnl labor, 4.4/ - 40C 100 26" 42 ill 
Sain i n e vnue OvRr TrPatxent 2, 1001220. -1 ".- -9 -4 -4 6 
Bpturnhr tofAdv!t:-id labor, Co4,- - - 29 

1/ 1.1 localrillet vrietie 17 oi indeternnatlo coewpa varieties; TVX= TVX 3236 detereinate :owpea 
variety (1!1. tensities af 7,230, 21,250, and 62,500 l: l/ho arridentified by the nunbers 1, 2, an 3 
respectivly 4oliowhnn In sall-t and cageo adentafsro. Notied aidging or fertilization. Millet and 
coupee; werz planted en the sne day in difrent pnckets. 

2/S.E. : standa-d error of th d'fference !2tmn two treatnent seani. in the table, yields aith anasterisk 
(I)indicate that the diferencu bentwen thi neanvuld andtP weean
,icld of treateent I isgreater than
 
twice the staidard error. Yie!s folloegn t' ind-cate that thedifierknce between tis nean yield
by a 
and the aean yield oftreatment 2 as greater then taice toe stonird error. The ccefient ofvariation
 

,
(VUlfor tillet, copna and millot coner forPoyoo are 14,2, 13.9 and 1.9 and for Pangaus 35.6,
 
42.2 and 26.9 respectively.
 

31 Net Revmnue yie!d of illt andcceoa x prace annals
the costs of iqnectacides, orrays and the capital 
cost ofthe sprayer. The millet price a592 CFAq 1784 fallIFNACE price) ant tot coupel price is100 
CFA/kg (1984past harvest prici, DECi and thiodon insocta:ide cost 5000 CFA/litre. The capital cost of 
the sprayer is800 CFA/Iha. 

4/	Return/hr cfadditional Ibor isca!culated i the unan 2nnet revenue - additional laber hours required 
over treate.t ! or treateent 2 futPlanting, !Praying ard weeding. The add:tiueal labor required above 
that of treateent I is 0, 20. 30, 30, 190, and 190wan-equivalent hour: respectively for treatments 2 
through 7. Rhen conarino treattento ! ndtreeteents 2 through 7 to treatment 2,the additional labor 
required is0,50,50, 50, 210 and 210 aan-equivalint hours respectively. 
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Y. 

: ithan 

(Treatment 1).* When comparing the low density millet and local cowpea 
(Treatment 2) with Treatments 3 through 7, none gave a highernet return. 

The. return/hr of additional labor, for Treatments 3 thorugh 7 is negative 

when considering the opportunity cost of labor. At Bangasse, all Treat

ments with the. exception of Treatment 4 gave higher net returns than 

solecropping. None of the Treatments 3 through 7 gave a higher, net return 
the low density millet and local cowpea association (Treatment 2) and 

, 

-/ all exhibit a negativa return/hr for the additional labor when consideringthe opportunity cost. At both Iocations,, the traditional system of low 

densities"nof.:ilet and local cowpea ,(Treatment, 2) were economically 
. superior to associations with higher density cowpeas. 

Experiment III. At P6edogo,,' aize yield was significantly higher under 

improved management than under traditional management (Table 3). Total 

grain yield of' the'associated two crops was alsosignifican ly higher 

under improved management than under traditional management. On the 

'contrary,.atNedogo, this difference was not significant, but yields under 

improved management were at least'equal to those under traditional manage

ment. At the two locations, there was no signifi~ant difference in cow

. 

pea yields between improved management and traditional management. Asso

ciated maize yield was higher under improved management when cowpea was 

seeded four,"weeks later or one week after mafie silking (Treatment 4). 

The local variety of cowpea produced more grain than the TVX 3236 

variety in association with maize at Poedfgo. At Nedogo, where it 'was 

seeded on September 6, that is, one week after maize silking, the yield of 

TVX 3236 was zero. At the beginning of the season at Nedogo, the growth 

of cowpea was adversely affected by shading from the maize. TVX 3236 

because it is photoperiod insensitive started flowering before reaching 

an adequate plant size. Furthermore, although rain and sun conditions 
became favorable at Poedogo in mid-October, TVX 3236 was already senescing 

and could no longer take advantage of these favorable conditions. On the 

other hand,the local photoperiod 'sensitive variety with indeterminate 

flowering habit, took advantage of these favorable conditions by con

tinuing plant growth. 

Intercropping of)cowpeas and maize tended to suppress maize yields. 

Generally, maize yielui w!th improved ,management were gveatest when cow

peas were planted four weeks after maize or one week after 50%Vsilk, in

termediate when cowpeas were planted three weeks after maize was planted, 

and maize yields were least when cowpeas were planted on the same date as 

maize. When cowpeas are planted one week after 50% silk, one would 

expect little or no reduction of maize yield compared to yield of maize 

in pure stand because the maize would be nearly mature before it encoun

,tered appreciable competition from the cowpeas. 

Very little of'thenitrogen fixed by the legume, cowpeas, would have 

been available for the maize, particularly for those treatments in which 
planting of cowpeds was delayed. Possible benefits from nit.rogen fixed 

by the legume, should be determined by future experimentation. 

The economic analysis indicated that at Poedogo Treatments 2, 4 and 

6, those with improved managei,ent, gave higher net returns than the tradi

tional local maize and local cowpea association under traditional manage

ment (Treatment 1). The local maize and local cowpealassociation under 

improved management (Treatment 2) gave the highest net return and the 

V., 

-- - . - . 
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Table S,U~znand Cnopea Intercrop, 1984.
 

Ireatients 1/
 

{ 2) (3) W4 (5) (6) 

I.M LM E-2 S-2 S-7 S-2
 

LC LC P tVX LC LC 21 

TP !iP 7; 1 P IMP S.E. 

Poedogo 

Maize Yield, kg/ha 36 19101 73 23021 3' 21561 159.L 
5ain inMaize Yield Over Traat3Qnt I - 1874 37 2266 17 212C 
Coopea Yield, kg/ha 945 15941 676 51J3 907 1051 263.4 
6ain inCowpea Yield 0ver Treatment I - 639 -26? --52 -38 106 
Maize tCooeia Yield, kg!ha 981 34901 749 28951 960 32071 206.1 
Gain inNaizu + ConpE.- over - -232 -21 2226Yield Treatuent I 2512 1914 


Not Revenre, 'JcoCF. 3 87 304 64 241 85 274 
6ain in Npt ievnue Over irEatsent 1. '910 CFA. - 217 -23 154 -2 187 
Return/hr ufAdditionel !.horr, 0F. 4' - 11. - 604 - 959 

Nedogo
 
Maize Yield, t4Iha 403 667 5?7 11251 236 722 243.8 
6ain ifPaize Yield Ovor Treatent I - 26 1?4 722 -167 319 
Coepa '.eld, lg/ha 260 351 08 0 260 334 75.0 
Gain inCornea Yield Over TreatAent I - 91 -260 -260 0 74 
Maize + CrispeaYield, kq/ha 662 1019 597 1125 496 1056 203.4 

ain in iaitv + COtppa Yield Ove Treatment I 356 .65 463 -166 3h4 

Net Revenue, 'n, UFA.3/ 52 67 44 74 37 70 

6ain in Yet knvvrrle Over Treatment I,';00CFA, - 15 -0 22 -15 19 
Returnihi of Addtroi-ai labor. CFA.4/ - 77 - 1 133 

I/	LM z locel maizi varieties: LC= IocJl indetnrainate coeoea varieties: S-2 = Safita-2 nize variety 
(IITA): TVX = :TV3?36 trsinate coetea iariety (IITA): 'P= Traditional ganagxeat practices 
ie.,no tied ridging orfertiieiatioi. I, = Tied ridges constructed prior to plinting, 200 kg/ha 
14-23-15 applied in a Dand 10-15 co. from rnws of oar.e atpianting and 50 ka/ha urea Applied in 
poclets at 10-15 ci.frn awie seed poc'ets one month alter planting 

2/ 	S.E. L standard error of the dif'4rece betmeer. two treatcrit neans. Inthe table, yields with an 
azterisk (1)indicate that the differeuce between this mean yield andthe @ear,weid of treatment I 

is greater thai trice ttestandard ?rror. The coe~cient o;variation (CV);ormaize, cowpea and 

naie + coronr for Poedooo are 17., 73.6 arl 1!.9 and for Ncdogo 47.0, 45.7 and 30.4 ;ispectively. 
3/Net Revenus = cDwpea x price aonus the costm )i fertilizer, insecticides, s reysyield of saize arid 

and the caoital cost ofthe siraver. The taize price is ?2 CFAg 11904 $allOFNACER price) aridth2 
cohpea price is100CFA/k (194 pust harvest price). Ferti!iner prices ire 78CFA/kg for 19-2.-13 
and 66CFAIk iorurea official sprinj urico). DECIS and Tilodan insectILide rst 5000 CFA!11984 

litre. Tiecapita; cost of'hr,prayer isF00 CFA!ha.
 

4/	Return/hr of additicnal lebjur is ca!,ulated adtle qain in netrevenue - adoitional labor huurs 
required over trentment I for tied rid3ing, plantin , fertilization, spraying and ueeding. At 
Poodogo, treateents 2 tnrough L required l 5, 60, '55, 0, and1?5 additional san-equivalint hours 
over treoteEnt I, At Noieno. treutaents 2 thruuoh 6 required 195, 0,195, 0 and l,5 additional 
ean.-equivalent houirsof labor over that oftreataent 1. 
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highest return/hr for the additional labor, requirements. At Nedogo, none 
of'Treatmeonts 2 through 6 gave a higher net return than the traditional 
local maize and local cowpea association (Treatment 1). 

SUMMARY 

intercropping experiments, two of cowpea intercropped with 
.mil.letandone of cowpea intercropped withmaize, were conducted under 
several widely differing environmen si n"1983'and 1984 in Burkina Faso. 
Three population densities (7,800; 31,250 and 62,500 plants/ha of a cowpea 
variety of determinate flowering~habit anda cowpea variety of indetermi

'.nateflowering habitand two populationdensities (31,250 and 62,500.
 
"plants/ba) of millet in association were compared to solecropped millet.
 

STree 


'Intercropped with maize, a determinate and an indeterminate variety of cow
.pea-weres t ral maiz'-growth-'stages-under traditional and 
'improved '(with tied ridges and fertilization) management. 

The most limiting factors in the performance of cereals-cowpea 
': associations are essentially soil moisture and fertility. Under favorable 

conditions of moistureland fertility (Dissankuy, 1983 and Bangasse, 1984)
 
it is profitable for the farmers to increase cowpea density with respect
 
to its present density in their system of millet-cowpea association.
 
Under loss favorable conditions, (Bangasse, 1983 and Nedogo, 1984), the
 
present practice of the farmers seems to be more dependable and profitable.
 
Under improved management cowpea densities somewhat greater than those
 
currently used by the farmers are likely to be economically viable. The
 
maize-cowpea intercrop appears to have potential only under improved
 
management.
 

The climatic constraints and variabilities represented by the sample 
of location-year tests in this study are common in the central plateau 
of Burkina and in many other areas of the WASAT, emphasizing the importance 
of the stability of production offered by indeterminate cowpea varieties 
compared to determinate varieties.
 

The millet-cowpea and the maize-cowpea associations were evaluated
 
in this paper for both technical aspects and profitability. The next 
step in the evaluation process is on-farm farmer managed trials. The 
on-farm farmer managed trials will be designed with the information gained 
from the on-farm researcher managed trials and feedback that has been 
obtained from farmer meetings. Important data from the farmer managed 
trials will be the yield and labor data and farmer feedback that can be 
used in the next stage of analysis; that of determining tha best cropping 
association that fits into the farmers' production system with respect 
to such constraints as land and labor. 
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THE fDEVELOPMENT OF MIXED CROPPING TECHNOLOGIES IN NORTHERN GHANA 

L. Diehl and M. Sipkens' 

Maize, sorghum and groundnuts are among the principal food crops grown 

in mixed cropping systems throughout the Northern Region of Ghana, but their 
importance varies according to the different areas of the Region, i.e. across 
different farming systems. It is evident that the importance of maize pro
duction declines with decreasing rainfall. However it should be noted that 
maize has gained its greatest importance in the farming systems around Tamale 
due to the influence of more commercialized farming with tractors and bul
locks, while it has not reached that same importance in the more traditional 
farming sys tms around Sawla andBimbIlls, despite good environmental condi
tions. Yields per hectare are quiitt low in theseareas, usually arou'nd 
1 t/ha or 70 g per plant (Table 1). 

Crop production is basically affected by more general and overriding 
problems, such as the scarcity of labour for soil preparation and weeding,
 
and the very low soil fertility. Soil fertility problems, in particular,
 
governed the considerations that led to the formulation of the on-farm exper
imentation program.
 

The general objectives of Nyankpala FSR work are to describe the
 
prevalent farming syatems in northern Ghana and identify the major problems
 
that hamper production and to test newly developed technologies with respect
 
to their feasibility and acceptability to farmers. To realize these objec
tives, the program was composed of farm management surveys and on-farm
 
experiments.
 

In this paper, preliminary information from the 1984 on-farm experiments
 
are presented. The objectives of these experiments were to induce farmers'
 
participation in the development of new adapted technologies by stimulating
 
farmers to comment on the experiments, to test the acceptability and perfor
mance of new varietal material from the station against farmers' varieties
 
and to evaluate new technologies versus farmers' practices by estimating
 
the costs and returns as well as the risk involved in each technology.
 

Table 1. Yields of major crops in five villages of Northern Region of Ghana.
 

Crop Nakpanduri Namburugu Wantugu Nakpala Nakpa 

ton/ha 

Maize 1.18 1.06 1.08 1.19 1.87 
Sorghum 
Millet 

0.86 
1.09 

0.75 
0.69 

0.45 
-

1.16 
1.03 

0.39 
0.28 

Cowpea 
Groundnot 

0.29 
0.5 

0.32 
0.71 

0.19 
0.63 

0.12 
0.60 

0.24 
0.45 

1 	Economist and Agronomist, Nyankpala Agricultural Experiment Station,
 
Tamale, Ghana.
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MATER~IALS,=ND METHODS 

We conducted trials in five villages, in the Northern region: 
Nakpanduri in Gambaga District; Namburugu in Karaga Zone; Wantugu in 
Nyankpala Zone;' Nakpala in Sswla Zone; and Nakpa in Bimbilla Zone. Fifty 
farmers participated in our survey (Table 2). 

Table 2. Percent area under major crops in five villages of Ghana.
 

Crop Nakpanduri Namburugu Wantugu Nakpala Nakpa
 

Maize. .12.7 _79I.0 8,7 55.6 61.0 . .
 
Sorghum 14.9 16.0 59.0 !78.3 46.6
 
Millet 95.5 71.0 25.5 21.4 5.7
 
Cowpea 57.4 46.2 42.4 33.4 14.9
 
Groundnut 21.4 40.4 72.8 16.2 45.6
 
Yam 0 0 n.7 33.1 87.9
 

In each of the five villages, we initiated five long-term trials
 
consisting of three 20 x 20 m plots (A,B and C). Plot A and B were planted
 
with new varieties from NAES, plot C was planted with farmers' own varieties.
 
Plct B and C were completely under farmers' management, while the cropping
 
pattern of plot A was designed by us and executed by farmers. This cropping
 
pattern varied according to the location of the village as described below.
 
Varieties and planting densities. Tocumen and Pool 16 are a yellow flint
 
and a white dent. 90-day maize variety, respectively, whereas Composite 4 is
 
a 120-day white dent variety. The sorghum varieties Mankaraga and Loc 29
 
are both late maturing photosensitive varieties whereas STMD is a Semi-tall
 
medium-duration variety with higher yield potential. F mix is a 110-day bush
 
type groundnut, and Katinga local is a photosensitive tall growing pigeon
 
pea landrace. TN 8663 is a 60-day large white-seeded cowpea variety.
 

In Nakpanduri, Wantugu and Nakpa (Fig. 1) we planted an alley cropping
 
design in which every 7th, 4th and 4th row was planted with pigeon pea
 
instead of cereal/legume, resulting in rows of pigeon peas at every 4 m.
 
Puring this first year of establishment, the pigeon peas were left to grow
 
and produce seed, whereas during the coming seasons they will be pruned
 
regularly to provide green manure for the intergrown cereals. In Namburugu
 
and Nakpala, pigeon pea was relay-inter plantee in the cereal rows at the
 
time of the maize harvept in order to establish a planted fallow for 1985
 
and 1986. We considered the area of Nakpandur'i as marginal for maize, and
 
therefore, we did not include maize in the experiments there. In all other
 
locations the designed proportions of maize and sorghum were kept equal
 
becaus3 sorghum was considered to be the least susceptible to drought loss.
 
The number of cereals planted was designed to account for the expected rain
fall at each location as well as the expected failure of seeds. No thin
ning was practiced.
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antLng Pttr 
NoKPA/1'ANTUOU p . 10 C - 00------
Location a 

Composite 4 p 
M'ankaraga I " S J.. 
FMix p el 6 
Katinga local 1:

el , CIS 
p M-I 

NAPBURUGU -- 60,-..... m-- 60 -... 60O 

Compcsite 4 g g 
Maniaraga E", 

Fmix g g 
g g 

m m 8 

g g 

NAKPANDURIsmp p - 60 c66 - 60 .... S 0- 60 -gg -- 60 -- s - G--s 

Fmix j g 

Katinga local ps 
p g g 

S 

p s S S 

---- ---- --- -- .----- 4--- - ------ -- -----5 --- ---- ----. m --- - ---- - - - -

Tocurien, Pool 16 50 c c c 

Local 29 S C S C s C 

TN 8663 c c c 
C In CM1 C In 

CSC 


C. c 

Plot A plantin. pa1t erns . Numbers are within-row or between-rowFig. 1. 
distances in cm. m . maize, = sorghum, c = cowpea (within-row 

distance = 25 cm), [P p..our.dnut, (within-row distance = 20 cm), 
p = pigeon pea (within-row distance = 30 cm). Names of crop varieties 

are indicated under locations. 
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Plot. A was a comp-i.At package of p'c:tAC,, in. .'Jir-; the sp,c.ira1 
arrangement cf pigeon pea and other ,'., and a noderate : ppication of. 
fertilizer (0.8 g N as ur.ca +.5 P a' .in*an. 2iocviaiL- prnt; 0.1 g 
P as UV5/i rcundnut or cow.na pl at' t . en UVT/) pea plant)Ioon 

Except for Nakpa la , p!oth .'Vn t e:: were gcnerally compa
rable to densities unrder far!mers anrid rot too diffeent from 

7 andwhat we designed ('%xabe . c]._ rk - Lep!t a stick, eovering as
suring 25% loss, hcoweuer did wo,'k oit. 

For nrOour~r~ I. . n -s-,:,roa2' i-,d , is, dn:ii.i on!' in Nakpabd 
while in Nakpanyiuri, p5 ot A were far beow what we d.,igned and 
what far'mers planod in C plotsa. The JT1l 'or'ghum establishment 'n Nakpan
duri and Nanmburueg i,.'s; sa' .sta3y but with toe Mankar:aga ae did not ob
tain designed densitios. 

Table 3. P] :;nt clonitis, 35". 

Plot A 

Location and crop Planted Lapected Obse;rved plot. B Plot C 

plants/ha -

Nakpanduri 

Sorhura (plants) 92000 23000 11530 114150 9958 
0"c'rnut 2.1 I00 22 100 10120 19305 37740 

PiicI pea 3333 8333 8860 - -

Mlbruga 

*.Sorh (stands) 6950 690() 6006 12218 8933 

k 1288 10500 8950 '0119 8381 
4round.,uttif 1670 6'1670 23520 18905 21770 

or',.,-; (plants1) 370 '1375 5860 8725 8225 
Mci 7, 1250 9375 9980 14840 10300 
g roundrut 37530 37500 20890 16680 19160 
Pife-ss psa 33333 8333 24000 - -

Sorghum (stards) 7000 7500 6275 9180 12225 
Maize 15000 11S50 13070 11985 11150 
Groundnut 37500 37500 32970 31130 22635 
Pigeon pea 33333 833 24075 

In .. ntu&u and Pakpa, most pigeon pea seedlings survived and we 
let the. ;-aow in te risult.Lng hihii densit.ies in the hopes of growing some 
green :anure in b984.hy the tire the maize was harvested, however there 
was still very little ve-setative growth on the pigeon pea plants. Rclay 
planting of pigeon pea faS low was only successful where it w-s plantrd at 
the hori nring of Au-ust on lower lving ields. 

http:comp-i.At
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Nakpala soils crust very easily after ra'n.3, which impairs germina
tion of cereals planted with the stick. The reason for this is that farm

ers' wives plant with a small hoe which just scratches the soil open, and 
*they don't step on the seed to cover it. Partridges also posed a problem.
 

*Only our cowpeas germinated well and forme" a nice soil cover. This,
 

however, frustrated two later attempts at replanting the cereals. The
 
cowpeas yielded very little (50 kg/ha) because of insect attacks. Only
 
on some B plots did the Sorgiumn yield about 600 kg/ha. 

Yields and farmers' assessment of new varieties. Zn general, yields were 
low. The top maize yield was 939 kg/ha for Composite 4 in a Namburugu B 
plot, accidentally fertilized by the farmer (fig. 2). The top groundnut 
yield was 583 kg/ha from F mix in another Nambutugu B plot, and the top 
sorghum-y.eld,waa-820-kg/ha--fromMankaraga on,.:aNakpa., -plot... Most..of the.... 
sites were on land that had supported at least one season with cereal/ 
groundnut intercropping before. The variability in yields was tremendous, 
so the averfage yields from five trials per location, as presented in Fig. 
2, only show some trends. For a closer look at production, we used plant 
productivity as the variable, because of the low plant densities. 

Maize yields were always higher from Composite 4 in the A plots in 
Nakpa and Namburugu and in the B plots in Wantugu. However, when yieldb on 
a per plant basis were considered (Table 4), Composite 4 only expressed a 
higher yield potential in the A plots where it was fertilized. In piot A,
 
maize may also have had less competition froMnsorghlim. Eighty percent of
 
the farmers liked this variety tacause it was hig;"r yielding, somewhat
 
drought resistant, shorter and had better cob formation.
 

Sorghum yields of variety STMD were highest in A plots in Nakoanduri
 
and Namburugu. B plots also yielded more than farmers' varieties, even
 
though all Namburugu farmers complained about heavy bird damages to STMD
 
because it ripened one month earlier than the local sorghum. This is due
 
to higher per plant productivity.
 

Table 4. Plant yields with three packages of management at four locations
 

in 1984.
 

Package Location Maize Sorghum Groundnut 

g/plant 
A Nakpanduri 0 32 9 

Namburugu 42 28 16 
Wantugu 
Nakpa 

23 
36 

21 
17 

15 
6 

B Nakpanduri 0 25 9 
Namburugu 29 13 18 

Wantugu 21 27 14 

Nakpa 25 28 7 

C Nakpanduri 0 12 10 

Namburugu 34 14 10 
Wantugu 
Nakpa 

20 
31 

33 
22 

9 
4 

*
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Fig. 2. Crop yields and gross margins achieved in on-farm experiments in 
four villages, 1984.
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Sorghum yiels from Nankaraga, a late maturing variety, in 

Wantugu and flakpa were lowest on the A plots. Apart from the lower densi

ties, alley cropping is to bl.ame becau-se of competiti n from pigeon peas. 

On a per plant basis, the Nakp B plot sorghum was more productive than 

the farmers' variety, but in Wan.tuu the tarmors' variety (a mixture in

cluding Mankaraga) was most pr;ductii, equ:al to STHD in Nakpanduri. 

Groundnut yield o vrlety rF mix were much higher than the far

mers' varieties in Nambruo" anod 4Wnntuiu A plots, and in Nakpa B plots. 

In Hakpanduri., C plots outyielded F mix, but this was primarily due to the 

much h.iher phmt densities. Per plant production of' F mix versus the far
"
 

mers' own va i' y was consider'ably higher in Namburugu, Wantugu and Nakpa. 

Differences in per plant product vicy betwean A plots and B plots were not 

great, and no effect of rock pho phate application was observed. All far

mers wanrted t.oincrease their ,r,: ndr F mix and many asked for more seed. 

No pigeon pea seed yields wer otaied in Nakpanduri or in Wantu

gu, primarily Wne tc cattle ano bush fre damage, but the results from 

Nakpa indicated a yield of 377 k (Av.I 'eed/ha. of 3 plots). 

Plot A, n Ihe under ground

"nf~i 7.- i art. .'-y'r , i e-l and it alway was tallr than 
pigeon pea. Su p.,eck pen di- notccu'. mny visible competition for soe 

'ti n.Iiher ' h, !ua:on, tis system left the soil bare as 

only 7/7 of the area wa, Uumuon-.s, fn addition both sorghurq and pi

gean pea ieiinI2,factor which induces soil erosion 

Anssesment of now packa'es n d<,,induri. are,, 

si.' aro;th, a 
risk. ln ordor to m,,o t' zyem mre attractive, pg(2on nea should give 

some rea'sonable oej yi. ns veil. Farmers appreciated te fact that this 

system 'cc) : d pL.nt 

, "' 'nd - _ ,toundntsdid wi!!. T.e incre.aso in groun

dnut yield compensated For tn s i ' o o, pea rov',. On a per' 

plant basin, mize did well h-cause of fe:rtiz Mre% or, if' densities 

co-uld be inctwasuc, maize would also help to compensate For the loss in 

area to pigeon pea rows. Pigeon pea con petcd for moa.'l;t;re with 

sorhum. Two fariers men'trioned that pi'cn pea also competes for nutrients 

(or responds to 0/1505 rertilizer I ..e two ors wanted to shift the 

site to more fertie L oi poor, priveon We rever obbecause of pea yields. 

served any nodules on pig.eon peas. Fa..re.; suggested to widen between-row 

or' within-row sp in of pigeon peas nd to use a shorter, earlier variety.
 

Ha bmhnigu. Double row intercropping was favourably received and 

farmers did rot want any change. The Fieids of all crcps were highest on 

the A plots, imich all faumers agreed were the easiest to weed. The pro

blet of bird .amace may be reduced who-n 'IPTDis grown by more farmers. 

Farmers doubted if they would have the labour available to put a large area 

under this more intensive system of pla.nting. uicher planting methods 

could be tried, as well as a within-plL aninual rotation of groundnut and 
ce.eal.
 

Fertili cer was received very favourably by the farmers who used 

it. But none Wt he farmers in .akpala have used it so far, nor have half of 

Che farrers in -akpanduri or Nakpa. All of the farmers questioned said
 

they would buy fortilizer at 500 "eis/bag and apply it to their cereals. 

Eighty percent of the farmers compained abwut the unavailability of fer

tilizer and of the mismanigement of distribution by government agents. 

Eccnomic evaluation. The economic ealuation in terms of net result (NR)
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reflects the yiJ].s achieved in the various ].ocitions and treatments (Fig. 
2 ). Moreover, it demon; trates the profitability of groundruts due to their 
good market value. Thus the highmt N.R was achieved on the A plot in 
Namburugu, where the hNot rroundnu yi _lds were obi.aineor. The lowest N9 
was on the A plot in N.a_kpondu'i where gpioundout yields were extremely poor'. 
This correlation between g'roundnut yields and MR also f'fects the marginal 
returns achieved in the transitiorns C'"m Cto 3 t) A. 

WIith the exception of Nap'ndu"i, wxe s frm-r's obtained very 
good groundnut yields on the C plots, it, ,ouIki have been advisable for far
mers to adopt only new varieties. in klsi'ugu, this alone resulted in a 
marginal benefit of c 114'0 wile tie jinc-ere was c 6200. and c 2700. 
in Nakpa and Wantugu, re.pectivcly. As thre is virtualy no additional 
cost in the use of new seed, it is not.urpr isini that farmers , ere always 
eager to try new vari4_.r[e'4. 

The transition from H W A plots yielded positive results in Nakpa, 
Namburugu and Wantugu, wh'e e na' 1na returns ranged from 900 to 9300 Cedis. 
Considering the substant- risks n] cn'h expe,se involved in this tan
sition, however, these retu"r't aiz YUJI too low to ,courose"doption. In 
Nakpanduri, it even resulted in losse. of 31UDO. cedis, though this was es
sentially due t, poor el-Cnrcut i,,-. 

In s"it , of the high monetry value of grondnutc, farmers ap
parently tend to judge a cropoing system pirimarily by .hi i.mount of 
sorghum and maize it producos, whi,, the cash contribution of groundnuts 
seems to be less important. Hoe/or, te preforences towards maize or 
scrghum are different depending on th pnrt-.cula.i tribes. it can be obser
ved that groundnuts take a much lare ' share of t' fCi' ds that are control
led by the sons of household heads, whereas the F'ld- thaL are managed by 
the household head to provide rood Cop th- fa.,,ily have u'ual].y high propor
tions of sorghum. Thes circumot'v-ce have to e taker into consideration 
when designing cr"opping systems for on-fOin e r entation by allowing for 
a certain flex,:ibi]ity i 1h r'-el, tionship _;f' individuaL crops. 

In the i985 season, we will further pursue the pigeon pea alley/ 
cropping system, the pigeon pea plant.s , however wiil nave to be pruned, 
soaring will. have to be widened, and we will paobbly shift to a shorter 
phou sensitive varict.y. In addition, mooe attn, ion cust be given to the 
correct tim.e and mcthod of plantlng in order to achieve better piant esta
blishment. in the more remot area"" dress.int, to prevent seed losses"'e-

due to partr-idge and rodents may also hove to be consider'ed. Finall.y, the 
,results of' the crop sequ ce nil . statitisa have reached a stage where 

non-farm1 tni g would seem appepr'it. Thus a crop succession of ground
nuts followed by ,ai ze/son'uhum is envs'med to suit farmers' crop requirements 
while simultaneously combining the bneficial effects of crop sequence and 
intercrupping 

di[IhMA i Y 

This paper presents the eiminary results of farm surveysprel and 
on-farm trials in five locations in the Northern Region of Ghana. The 
trials consisted of farmers' varieties under farmers' practice, new varie
ties under both farmers' management or a complete package of new technolo
gies. These packages consisted of two alley-cropping designs with pigeon
 

.W... 
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pea and two row intercrpping designs, all with rock phosphate application. 

Plant establishment in the trials proved difficult under both 
farmers' maragement and under new technologies, Howevet, s ue yield Y.terds 

can be described. 

Ma ize variety C,-tiposjte 4 yihlis w-ire equ'il to those f armers' 

varieties under low soil fertility conditioms, Grourndnut variety F mix out

yielded farmers' var.ietiiin three out or the four locations and was it'high 

demand. Sorghum variety STMD and imrrov,d Mank,-auag.,a out-yielded farmers' 

varieties except where they were already largely made up or ankaragn. Pi

geon pea seed yield was not good becau:'e o too igh plant densities, al

though pigeon pea growth s''rmed Q rempad to ''ock phosphate application. 

Groundnut did not respond to re,,phosphate, which may have been applied too 

late.
 

The alley cropping dusit. n with double rows of' sorghufn and ground
nut gave a reasonable sorThum yi but too low, n ,roundnut yield. The alley
croppi-g design with -e/ ' ,ugruhndnu enich too low sor-nm ' , i ridgc gave 
ghum yields. Double rows of niaize/sotghum ard ;romdrut gave the highest 
yields of all crops and were tie, easies; tc weed The single.row intercrop
ping of 7owpeas and maize/sotrrhum failed bec'ause of co.rtit.ion betweuA cow

pea and later interplanted cer,:ils as well insect tacks n cowpeas. 

An economic evaluation of the vwrietiei and packages showed the 
importance of groundnut for a high financial return. AdaptAtion by the far

mer of only new varieties was profitable, but adaptation o the complete 
package gave wariable resilts and often r'esulted in cs,3c-. 
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VARIETY DEVELOPMENT FOR ASSOCIATION CROPPING! 

1 23 -2
 
N. MULEBA', F. FRO, MAN AND D. KAGIE 

Cowpea is traditionally Cron in mixture w. th cereals in Semi-Arid 
West Africa (lachie and Roberts, 1 74 and Steele, 1972). Several mixture 
arrangements are used: (i) cowpoe and cecroals -eeds which are mixed prior 
to planting are sown is a random mixture with some hill:. bearing only 
cereals or cowpoe plants, and others hearing both crops. (ii) cowpeas and 
cereals which are planted in separate hi l. o ].ro:c sinultneously, re
sulting in a random 'jxtMe of bot' the crops (iii) cerElIs which are 
planted at the begirnning of the crop senson n well -a cowpeas which are 
planted about one to one and half .min ;aftn, the creaizs. UAder this 
last arrangement, cowpeas are planted in pitche s whoe cer.eal plants either 
are missing or have poor ero,.ath. Cowe. yields obtaincd in such mixtures 
are generally low, 0.? to 0.3 t/ho (Pachi d oerts '974). This is 
due either to the dominance effecc of tho cereals or to the strong conpeti
tion between the two crops. 

Several attempts have been made to improve cowpc. 'IOrOarrICe in mixed 
cropping with cereals. nood yield. of cowp. .' ., cvr 0.5 t/ha) havre 
been obtained by planting cowpea- and ceroals s i t i,.usy md by manipu
lating cereal row-opa]i'rgs and densities of both cropo (Adnii].oye, 1980; 
Cunard, 181 and aize' 1974). Proper -e of cl.',-l, cultivars has also 
been shown to reduce cole i a y ie 1 o ' mnterar,'pin 0 Lith maize from 68 
to 'm % (Isen i lla, Babalola and igbon,1'''). Ad :i iloye, MU980,showed 
that the yield of semi-erect And "i-i. crt' colWpO, CU]tivars was re
duced by association with nn!'mwizoiscriih(-d i, y]i*.d ]os to shading. 
lie also demont'rated that ci ii r cOpo21 U performedM:Slt.vA' satisfactori
ly in wilth rrmui'e. Simi Lar rP: ,is i. reported by Wien andassociation Ql 
Nangju, 1976; but the clibiI coy4n<a cwIitiv,irs c-alsod sievere lodging in 
maize, and thu- lowered thn ma yied' iimer- thnr the erect or spreading 
cultivars. 

The sUding efect oC maize on c.pnsci in ocrcropping was studied 
by Wahua and iBabalo].c 1981. They showcd that whom more light was transmit
ted to cowpeas by a relatively sho01t maize cultivar with erect upper leaves 
or by a linguleless, erect-leaf maize cu.i vir, the growth and yield of 
associated cowpcas was :reater. It ppears, ther'efore, that a great poten
tial exists to incrase the yield of copeas in issccaton with cereals 
by properly choosing the cultivars of both crops. To test this khypothesia, 
experiments were conducted in 1981, 1967, 1983 ard 19M' to study the effect 
of maize and cowpea cultivars oi the per"rem ince , both crop.:; in a relay 
cropping system in the northern Qinca -. 'inni , 'ei'i -nrcdc Africa. 

1A contribution of the Tnternntional Institut of Tropi c,: Agriculture (PMB 
5320, OYD ROAD, ibadan, Nigeria) under SAFG/I OAMUSTRiC, JP 31, sponsored 

2 
by USAID, 
Respectively, Cowpen A.ronomist and dowp ca Fleselrch Assistant, IITA/ 

SAFGRAD, B.P. 1495 Ouagadougou, Burkina Faso.3Cassava Agronomist, IiTA-PPONAM-INERA, Mvuazi, Zaire, D.E.P.T. of State,
Washington, D.C. 20520, US.A. 
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MATERIALS AND METHODS 

Experiment 1. This e.,periment, initiated in 1981, studied the effect of 

cowpea cultivars, varying in maturity and daylength-sensitivity, on maize 

and cowpea performance in a ma ize-cowpea relay-crop'jL- .ystem in northern 

Gui nea savanna ( 11010 nm rainfall, from June to :iid-October). Threce cowpea 

cultivar's were used: VITA-4, a sopreading and ,iyiegt -in 'ensitive 
cultivar; 'Kaya local', an carly, prostrate -,nd dayko rtt, -. LStva, 
cuitivar which flowers in late September; and A 1696, niae, prostrate 

and daylength-sensitive cultivar, which flowe; in mid to ]ate-October. 

They were planted at four dates under a maize crop- 73,36, 51 and 64 days 

after' the maize. A 90-day maturing maile cultvor was planted in early 

June at 0.75 m spacings between and 0.Y5 m within the rows. WD,)maize 
seeds were planted o'r hill and thh d t) one arter t,we eeks. Maize 

plants were fertilized ,ik N, K., .. K n5, A", 13Qh-', respectively) 
at planting and I ('5 k- l/hW month aftc planting. Cowpea plants were 

planted in solid rows lierr" in with mie at 0.75 m s~p iirigs between and 

0.20 m within the row Ccpea pl ants weo'e nut p''t ilized, but were 

sprayed four times with inse, icids. Thu xpr'rental osigrn ons a 3 x 4 

factorial in randomized compie&t bocH whiic 'e' repeated our times. 

The experiment. woo repeated in l9?2 with ', 1. t modicio.[n. The 

cultivar VITA-4 was repl1ced by ''.-5 bocaun'n oi' the form'ats high sus

ceptibility to folia, di seasc. In 1983 and 1J84 the exp,-riment underwent 

major modifications. The number H dates of cowpea planting under maize 

was reduced from four' to '',,o: four weeks aftr Wa' ,e plantirg and 10 days 

after maize si.king. The number of cowpea cultivars was in.reased from 

three to seven. This included four daylength-sonsitv c cult'ics (viz. 

'Kaya local' and 'Ouahi.gouya local', bo, Inowmid-. late-

September; and 'Logofruso local, and ! 1 both flowering rin mid

to late-October) and three daylength-insrs iive cuitivar s (viz. K-I, TV 
x 3236 and VI.'A-5, all of intermed'ate maturing and apr*ading types). In 

1984, IAR 1696 was replaced by the dayiength insensitive cultivar TV x 

1990-01F. The experimental design was changed to a split-plot with cul- 

tivars as main-treatments, and dates o' planting as sub-treatments. 

Experiment 2. This experiment was also initiated in 1981. ]t was Csigned 

to study the effect of maize cultivars, di'Tering in maturity and morpho.. 

logical traits, on maize and cowpea perfarinance in a relay cropping system. 
Two maize cultivars, one ninety days to maturity (Pool 16) and the other 

105 days (IAT 100), were relay-cropped with the three coupea cultivars 

described in the first experiment. The maize crop was planted at a single 

date in early-June, whereas cowpeas were planted at two dates (i.e., four 
to five weeks after maize planting and slightly after maize silking). The 

agronomic practicer used were the same as described in the first experi

ment. The experimental de.Agn was 2 x 3 x 2 factorial in randomized 

complete blocks which were repeated four' times. 

In 1982, the maize cultivar 1AT 102 (105 days to maturity) was sub

stituted for IHAT 100. Tne experiment underwent major modifications in 
1983 and 1?84. The number of mqize cultivirs was increased from two to 

four, with two 90-day cultivars (viz. SAFITA-2 and JAUNE DE FO) and two 105
day cultivats in maturity (viz. SAFITA-102 and IPAT 178). IHAT 178 was sub

stituted by IHAT 81 in 1984. In this same year, the numher of cowpea cul

tivars was reduced from three to two: the "Cuahigouya local', an early, 

prostrate and daylength-sensitive cultivar; and the TV x 3236, a spreading
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and daylength-insensit.ive cultivar. The number of row-zracinjn was in
creased from one to two (viz. 0.71i m and 1.00 Mi. The exocrinental de
sign was a split plot with nni-e cultivars n main-trotmunts and a rac
torial combination of two row-spacings a two cofpiiea _u3va sub
treatments. 

Our observa?=i taken faliwc Flo itatu,'ity dateswe'e 7 : riqn and 
were calculated an th Neumbur of dat • i 1nt-ir? cany at twhich 
50%, of thi pirl. e ] (or' i P ai e) arnd SO"S of the plants 
bore dry pods (or groins with a biack lcy,,c r t ' ie!:fl o'te eaocr), 
respectively. aize ,lnt. .'-eiGht was m'.i shortly aftr siiking and 
was calculated s the dsance from groind Ir'vei to the collar of the 
flag Rcaf. We cer area index (LAI .a citi'Pa.:' at anthesi5 as plant 
denrity per unit land ara Limes, We averaon le.af area per plant. This 
can be calculated :A 3=r." -nth x leaf width x 0.75 (Montgomery, I911). 
Average leaf ar,-a p'er opi't '- acid oni fvivo pant s boroered by othurs 
in row number thre' o. z.:h' ;lot. 

Experiment 1. Co,;w. cqtivoo did not affiect maize sec., yield during the
7f'ou-- y,'" :i ,h icr th c "mnt was conduCtd. Thy also did not in

fluence mn :-,c dites of .iL.in or maturity, ear' or plant heights, nor did 
they affct 	 N o'LAI studied in 1983 and 1984. Cowpeas planted 30 days 
after maiz" did not have a dCtrim-ental elfeet ontinainse yield, except 
in 1983 when 3 o 8,, yield arcp c.:7s observed (Talde 1). On thc uther hand, 
cowpeas planted days af tur i ,- i0' relhod ni' by 8% and 13%'21-23 cieNK 
%!;1981 and i99. resopectivety. The diUft OrLcUO was 'tatisti'ally signi
fican in 1981. Zinc, opL'a dites of pld.Wt Ira had no Q ifcrt effect 
on the maize date of 1owvrina, or' on ear .ni pl ant he t'ht7, studied in 1933, 
the 8'5 maize yield drop observe_ th:ct y,!ir (in plots whore cwpea were 
planted 30 dayo af'.r miz) wu attritt: ,d to dru.ight dacoges, in fact, 

Table 1. 	 Effect on maize seed yield oW' d(at. < for planting cowpeas as a 
relay crop in maize, Farako-PK,, FBirkina Faso. 

I
Years 

Time of cowpea planting 1981 1982 1983 1984 

k<g/ha 

21-23 days after maize 4400 h 4707? a - 
30-36 days after maize 4785 a 3570 a 31359 b 3095 a 
47-51 days after mai-e 4813 a 5424 iI - 
57-64 days after mi!ice 479! a 5450 a 3886 a 3197 a 

LSD (5') 	 37 NS 274 NS 
CV (1%) 	 6.1 18 14 14 

1Means followed by the same letter are not statistically different at 5% 
probability level.
 

the rains ended in mid-September in 1983 when maize plants were in the grain
filling stage and cowpeas were 50 days old. A strong competition for rois
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ture between cowpea and maize plants could have- hampered *ht- maize grai 

Delayed cowpe:, plantWnS under maio "igniflc:.ritly -,duced seed yield 
of relay-cropped c'wpeas, except in 19H2 when the irducrion was not s atis
tically vignificnt (Tables A soj 31. The -'nly dayl ingth sensitive cul

tivae, Kaya ,coal, yielded eqcally or gniCa l/ hig e than day

length -inisensitive and late daylangth-c' tiv ..cutivars ht all the dates 

of planting during the four year:3. 'The- Mry ,.r op en was 4i-51 days atee 
the maize in 1931. Thin cuitiv.r p;'pored i'nk Anepw..:d to the maize-cowpea 
relay-cropping syntem, Lpart icu larly i;n ,,ant ,d tAiP t ,': aA'totP maie, 
It wns ,l.owed by TV x AM, a dtywnM(: h W.1 ivo cltivor. 

Table 2. 	E 'fectcn cow*',. '' ' ': , i .', ". ; ' l i ' cowpe and 

cowpea cult ivs K' :'ieay- .r.ppiv> (it n, Faralio--i, 

Burkina Fas9o, i 9 

Cowpea 2i-&.days A-3 d ; '' Jay.; 57-64 days 

Cultivars after moire 'ft .' !rev . i' m. .1 o,after maize Mean 

1991 

VITA-4 1180 338 552 22'2 367 
Kaya local 1599 957 796 745 1024 

IAR 1696 i56 109 998 865 1131 

Mean 1131 979 771 612 841 

1982
 

VITA-5 76' 555 645 668 659 

Kaya loca! 822 838 849 785 823 

IAR 1696 638 693 185 349 468 

Mean 742 697 560 601 650 

Mean Comparison !981 	 1982 

LSD (5') CV (%) LSD (5%) CV (%) 

Date of' planting 105 kg/ha 15.1 IS 41 .8 
Cultivar 	 91 kg/ha 199 kg/ha
 

Date x cultivar 183 kg/ha 	 NS 



MULEBA ET AL 273
 

Table 3. 	Effect on cowpea seed yield of' dates for pl,.nting cowpeas and 
cowpea cultivars in relay-cropping with mai.ze, Farako-B, 
Burkina FPas,. 1983, 19384. 

R 3 	 1984 

30 as... 30 64-70 days Mean 
Cultivate, afte, maize aft.w r::i;e after maie after maize 

Kayo. local. 
Logofrousso local 
I-uahiouya :ocal 

450 
78 

4 i 

0 
0 
0 

,. 
39 

226 

530 
62 

37P. 

390 
31 
173 

460 
46 

275 
iAR 1696 
TV x 1999-0 F 

TV , 3235 
VITA-5 

120 

.365 
510 
4b9 

0 
-
0 
0 
0 

60 
-
183 
255 
245 

272 
328 
475 
40' 

-
375 
205 
470 
2 14 

-
324 
266 
472 
308 

Mean 352 0 !76 349 265 307 

Mean comparison 1933 !C8L, 

LSD (5'o) CV (7 LSD (5:,) CV (%) 
Cul tivars 
Dates 
Cullivara x dates 

100 kg/ha 
64 Pkg/ha 
NS 

54 179 
60 
NS 

kg/h;1 
kp/ha 

39 

-iperim nt 2. in 1981, the inzeriodi. tL.? tniu'ing cuitivar It]AT 100 produced
a significantly higher' yield I (by ') than the early m:.:urJ.ng Pool 16 (Table 
4), whereas in 1982, the it:redi-to mat ring IIRAT 102 yielded cqually to 
Pool 16 (T:ihl 4. In 198\'.rd 984 , c! intermediate matUring cultivars, 
IRAT 173 and SAFITA-!0G'l,'ie.dequallV t. the' early maturing cultivars, 
SAFITA-2 and DE FO l the szigificantly out,A.U.IE ([ac.e. I-,we vcr, INAT 81 

Table 4. p1 oat rt, doWernr',t.d and seed 
cultivars djif'crin, in n ii t ' .in anaize-cowpea 
relay cropping system, I. . i, Ruikira 1981 1982. 

Mean h,:.i 	 ' yield of two maize 

:aaF -. Faso, and 

Plamt height i 2iin d~ate 1,t Y l 1 

Maize cultivars 198p1 1982 1981 1682 1981 1982 

cm DAF 	 kglha ___ 

Pool 16 - 153 b - 56 b 5733 b 4306 a 
IRAT 100 - - - 6602 a 
iTAT 10? - 215 a - 63 a - 4202 a 
LSD (5,,,) - 11 - 1 206 NS 
CV(%) - 10 - 1 4 20 

Means followed by the same letter are not statistically different at 5%
 
probability level. 

1
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yielded SAFITA--102 (by 27%) and the two early maturing cultivars (by 26% 
on the average) in 984 (Table 5). The early maturing cultivars had a 
short plant height (except JAUNE DE FO) and a small LAI (Tables 4 and 5). 

The Seed yield of relay-cropped cowpeao was significantly roduccd
 
by the later im.turing maize cuitivars (Table 6). Cultitar differences
 
were also obsc rved within maize maturity groups. IIIAT 11'8 and 1HA4T 81 
significantly reduced seed yield of relay-cropped cowpeas, especia.ly 
when compared to the results of SAFITA-102 in 1983 and 1984. it shou.d 
be noted that the depressing effect of JAUE DE FO on the sced yield of 
relay-cropped cowpeas was not significantl y different from that of 
SAFITA-102.
 

Table b. Eifect on cowpea yield o ,aize cultivirs in : m ize-cowpea 

relay-cropping svntcm, Farako4B!, 1ur'kinFaz.s i981 to 1984. 

Years 

Maize Cultivars 1981 1932 Y3 1984 

90 days to maturity - kg' 

Pool 6 899 a 500 a - -

SAFITA-2 -- - 315 a 808 a
 
JAURE DE FO 
 - - 250 ab 613 b 

105 days to maturity 

SAFITA-102  230 b 589 b
 
IHAT !00 628 b - - -

IFAT 102 - 495 -

THAT 178 - - 161 c 

-

-
IRAT 81 -  - 449
 

LSD (5%) 99 NS 70 
 108
 
IV (,) 18 36 36 11 

1
Means followed by the same letter are not statistically different at 5%
 
level.
 

It appeaped that the LAI influenced the seed yield of relay cropped
 
cowpeas more than the plant height. In fact, JAUNE DE FO was as tall as 
IAT 178 and IRAT 81, but had a significantly smaller LAT. Moreover, it 
reduced cowpea seed yield less than the latter two cultivars in 1983 and 
1984. It is possible that differential competitive ability at the root
 
level might have played a role in cowpea seed yield reduction within maize 
maturity groups. 

DISCUS;SION 

As reported by Wien anu Nangju, 1976; Adetiloye, 1990; Isenmilla 
et al., 1981; and Wahua and Babalola, 1981; cultivar differences were
 
observed in the performance of cowpea and maize in mixed cropping, and the
 
competitive effect of maize on cowpeas in a maize-cowpen inlay cropping
 
syster. Daylength sensitive cowpeas, because of their critical photoperiod
 
requir.oments for flowering (which may occur, depending on cultivars, in 
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mid to late-Septebnber, early, or mid to ate-Octobr!, ware shiown to b5e 
better suited to a maize-cowpea roay-cr o ing ,yslem t, nt of the 
day.egth-Insensitive cu3tLva' (Tables P and 3). This is becau., they 
can be planted one mont' ator ,aize (0 d-ii y), ,i. 1,,:ou e'atUively 
and, depena'i'g on the phoperM o wirp f'owr 'li''s tiy Nfore 
or after mi'o h; 

in conrVt daylnq.tb-insensit- e' . tile samle 
condtions, flw,.e. after ".',5 ,d1n whi12 s l n r 4w mai' canopy and, 
as a result, compete with raizc for .i 1., wn., a_ nutrients. Iowever, 
because K er'ati c fal] in 120, . : ctoer, tih' .latema
turhln .y-le. cultivars (which Ler duping this period 
suffered severe drought dai' os duri: tho'' cr-, :- rains 
ended in mi -,pt-. ber or :-ly : t -: c;,'; in 2. 1983 
and 1984 M bs o 2 A ). T! air yields .. t'oC,od ost U loass 
whictt peasatT ae c' d not fOd aI they nre hi ,hly de o-ndent an 
cC.wpealS as al maimP souvcc, of protaJin. lIu:_;, tht: ypes, oi" COVJpea 

cultivars ,.did not appear to he suto to rrai' '-c-wr ea r.:![ty-croppin.g, 
systems. 

other the 'tOn the hind, "a'I y ma taring dayiol,,. seneitjvo cultivars 
were more .dapted to a ia e-cowpea rolav-croppin! system! than late day
length sensitive and dal._ngt insensitiv cul apn. Cowncp seed yields 
var'ying from 0.5 to 1.0 ti/h were observed with the ,.ltivar 'Kaya local' 
(Tab].es c , 3), a NO inrovement when co:;paed to thi repurted cowpea seed
yield of 0.2 to 0.3 L in traditional mi'xed (P dcie I'crts,Ti'ippi: and 

1974). The lc.; yield of the 'Oruahigouyn local' in this categc.y was due to 
its high susc-ptibility to diseases (bactca' l ann web li ,, scab and 
rust). 

increased shading by more leaiy interm diate aturing' maize cultivars 
appeared 'co be responsible for reduced coqj)e seed yc d in reay-cropping 
with rmaiz. Similar resulti wcr,. reported by WahRa imd Itabilola, 198% 
However, there were some indications that increased competition for water, 
and nutrients'.ichi, the root systom 'nij. lt ii 'b'e invo]v.wd in the reduced 
seed yield uf the relay croppcd cowper. fh; ,,as supported by the exis
tence of maize cuitivar diffur'-.; '' in dep'esin th" effect of seed yield 
of the relay-cropped cowpa hithio n . rty 'cops. AT notoratu did 
differ witnin -mai e maturity g.ro:s Ui 5). 'ith resec t to cowpea 
seed production, early maturing and le"s leafy maize','altiva s appeared to 
be better dapLed for maine-cowpea relay-cropi'' than the more leafy in
termediate maturing ones. Flaize seed yiel.ds varying from 2.5 to 5.7 t/ha 
were observed for these cultivars during the four years thalt the experiment 
was conducted (Tables 1, 4, 5). Thus, by crefully choosing the proper 
maize and cowpea cultivars, a good yinld can be obtained from both crops 
in a relay cropping systers in Lho northcz'-r Guinea savanna. 

Cowpea is traditiornaly grown in isture with cereals in semi-arid 
West Africa. Seed yiold obtained in the nixture is generally low, varying 
from 0.2 to 0.3 t/ha. Experiments were conducted in 1981, 1982, 1983 and 
1984 to study the effect of maize and cowpea cultivar differences on the 
performance of both crops in relay cropping, and to determine ways to 
increase seed yield of relay cropped cowpuas. Our findings show that cow
peas planted 30 days after maize had no detrimental effect on maize seed 

http:invo]v.wd


Table 5. 	Mean plant height, flowering and maturity dates, leaf area index, and seed yield of maize 

cultivars differing in maturity groups, Farako-Ba, Burkina Faso, 1983, 1984. 

1 1 	 1
Plant hei.:t1 Silking date Maturity date Leaf area index Seed Yield 

Cultivars 1983 1984 1983 1984 1983 1984 1983 1984 1983 984 

cm- -DAP- -DAP- -LAI . -- kgiha-

SAFITA-2 132c 141c 64b 61b 92c 91b 1.39b 1.52b .7R 6a 

JAUNE DE FO 166a 186a 71a 62b 94bc 9!b 1.54b 1.70b 2091i 2631b 

SAFITA-102 140bc 152b 70a 70a 93a 105a 1.80a 2.0ia 285'1a 2401b 

IRAT 173 155ab - 70a - 96ab - 1.84a - 2497a -

IRAT 81 - 180a - 7.a - 106a - 2.37a - 3318a 0 

LSD (') 16 '10 4 2 2 1 0.28 0.44 NS 633 

CV Mm) 	 13 4 7 2 3 0.4 21 14 21 15
 

1Means followed by the same letter are not statistically different at 5% probability level.
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yield. Cowpea cultivars did not s.'gnificfaitly affect maize seed yl.eld at 
any of the tested cowpea dates of' plariting (21 to 64 days after maize). 
Early daylength sensitive cowpea cultivar- (which flowcr in mid to late 
September) appeared to be better odapted to ,aiecowaca relay-cropping 
than the late daylength sersitive caltivars (which fio'er in mid to late-
October) and nost other day leng h--insensitive cultiva:s. With respect 
to cowpea ceed production, early maturing and less e:fy maize cultivars 
appeared to be better suited to maize-.cowpea relay-cropping than the 
interm ediate maturing and more leafy maize cultivars. The ruomer depiressed 
less seed yield of relay-cropped cowpeas than the latter. Thus, by proper 
choice of cultivars of' both crops, good yields of maize (2.5 to 5.7 t/ha) 
and cowpea (0.5 to 1.5 t/ha) were achieved. 
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LIVESTOCK IN THE AGROPASTORAL SYSTEMS OF THE SAHEL-SOUDANIAN AND
 
SOUDANO-SAHELIAN TYPE: PROBLEMS OF TECHNICAL CHANGE
 

0. SERPANTIE
 

In this review, drain up main].y from biographical elements, we 
suggest the bases of a reflection on technical change in the livestock
rearing field of the soudano-sahelian and the sahel-soudanian sector. 

With various sectorial actions to promote this activity opening up 
4 these areas, it seems important to recall the need to view this 
activity in the context of agrarian sy3tems. 

The context normally used to project a technical change is "the 
system of livestock.-rearing". Generally defined in a restrictive manner 
as a sub-system of a production system "collection of workshops and the 
techniques enabling the production of' animals and ariimal products U con
ditions meeting the goal of the cultivars under the contraints related to 
development activity" (Agriscope, 1983). This concept is worth taking up 
in a broader context, in our area ; indeed, here the weight of human fac
tors (ethnic culture, the structure of social relations in production, 
collective management of resources), the importance of the relationship 
with other agrarian activities (agriculture and harvesting) or non-agricul
tural activities (displacement for work, Urade), leads us to tackle the 
question of livestock-rearing in a broader context, namely the agropastoral 
system. 

The interactions of this system is shown in Fig. I (Milleville et al., 
1982). It becomes obvious that we shall not be abie to tackle on its own 
the level of organization of the "production cell" in a context of collec
tive use of resources, leading to exchange, complementarity or competition 
between specialized prod :ction cells. he agropastorni area, on which are 
expressed these complementarities and the cohesion of a social,group, will 
be the appropriate level of study. This area will be completed by the 
addition of the spaces used occasionally (seasonal migrations, salt treat
ment) which are indispenoible for the yearly operatiors. 

We borrow from Lhoste (1985) his table of the features of a broadened 
livestock system (Fig. 2). It enables us to begin work on a study of the 
dynamics (operation and evolution) of' these systems, to obtain a model to 
lay the foundations o' a diagnosis, and particularly to assess the impact 
and the effects of a technical change. This diagnosis is also used to 
measure the :ensitivity variations of the syftem according to a change in 
the socio-economic and climatic contexts.
 

Between the 'pillars" of the systems (pastoral and agricul.tural 
resources, herd, peasant) are found some unifying elements which will show 
clearly the operations themselves and enable the diagnosis to be .oade; in 
particular, between the herdsman and the herd we see livestock strategies 
and pratices and the function of tne agricultural area as a whole !food
wise, economic, cultural, religious, reproductive pattern), and methods 
of economic promotion (meat, milk, wool, manure, work based on animal 
traction, money).
 

I Agronomist, Centre ORSTOM, Ouagadougou, Burkina Faso.
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Fig.I. General scheme of an agro-pastoral farming system. By Milleville et
 

al. (1982).
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Between the resources (pastoral lend, water re-ources and products of 
the cultivation and harvesting systems) and the herd, we notice a certain 
type of feeding ha:its, fodder and watering systems, and movements and we
 
shall set up balance-sheets (fodder, w ter, fCrtilivy). Finally, between 
the 	nerdsman a.'.o the resources is a sy,-tem of land )rgani.zation and a 
strategy tor making use of the resources and the space.
 

In line with this organization an inteo discip linary tem from ORSTOC 
is undertaking. study of an apropasor a system in the Y-tenga (Bidi 
area), in cllabration with th ear D(.velopflenl projact led by 
!BRAZ/CIRAD, This study is a follow-up of the "Uursi-Lake" project under
taken in a saal-ian zone, wherp the agropastoral systems have been studied 
(Milleville et a1., 1Q82 ; khoste, 1985) and a follow-up also of the 
numerous works & jeographero (Enoit, 98 ; Bartal, 1977 ; Marchal, 1983) 
in this regior (Firc. 2). 

The int.erdiscpinarity fits in uell with the model :n so far as for 
the observation of th. poes ard the intcrfaces we use a s"ecial competence 
whicn looks speifinal].y %t Each level of development. Tho real difficulty 
in the way of a.ropa.tora, di .nsis remains the differential between the 
temooral rhytr' to operation and the delay in specific responses of each 
sub-syster. 

We try to oveco, these dilfficulties by wurking uut case studie. and 

wide-ranging irnvest ati c during wh'ch numerous unities are observed 
(simple experiments and historical method). 

MAII FEATURES OF Tir' iJUDAN0O-SAhEQiAHl AND SAIIELO-SOUDANIAN 
AGROE-ASTOAL SYSTEMS 

These ecoeoorrphical zons (about 400 to 800 mum annual rainfall) 
are characterizcd by the cunxistonc of' ag ricultural activities and of non
pastoral and pastornil ivestock-rc'ring. The ways in which these three 
activities are integrted ar, de:monstprated m inly by : 

(1) 	 animal tra tjon ( s.il ti ,r, trn.rtint)
 
is not commonplace in b-urkina,
 

(2) 	 te production and use of mianure : moving from
 
sylvopastoral to agrwicultural systems,
 

(3) 	 utilization of ieft-overs of the harvest for food
 
supplies during the dry season and the fattening time
 
of the hard,
 

(4)utilization of tailow fields. 

These forms of integration are rm-emphasized by complementary and 
competitive relatio~ships accordinp to the employment of factors of 
production. 

In the sahelian pastoral zone, water for livestock can be the main 
limiting factor. On the other hand, in the sahelo-soudanian zone, the ade
quacy of fodder supplies for the animal population presents a highly cru
cial problem. Indeed, we witness a progressive reduction in fodder poten
tial, while the human and animal pressures are rising. As a result, muys
tems of production adapted to a weak pressure on the area 3nd to space 
with few limits have become more and more fragile (Milleville et al., 1982). 

The soudano-sahelian zone has been marked for a long time by increa
sing competition between livestock and agricultural activities with regard
 



282 APPROPRIATE TECHNOLOGIES
 

11940 	 - '1970
 

aCuahigouya 1970 - 1980 

- Ouagadougou 
" 1970 

" 1970 - 1910 

~km
 

Fig. 3. 	Location of study areas in relation to isohyets. After
 

Aibergel 	et al., 19S5. 
1: Oudalan ; sahelo-soudanian zone. 

2: 	Yatenga ; soudano-.ahelian zone. 

Isohyet 500 rsm 1940 - 1970 and 1970 - 1980 

Isohyet 900 mm 1940 - 1970 and 1970 - 1980. 
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to space. The animal population there in particular is unanimously described
 
as over' abundant (Couloub and Serres, 1980). The strong demographic pressure
 
there leads especially to over-exploitationa of the area. The grends towards
 
degradation have been described by archal (1983).
 

One of' the most important results of the studies carried out is that we 
are u,,a..e to conceive in any sector a model and stereotyped agropastoral
 
system. %ndeed, if certain conditions belonging speci ically to the zone
 
are inevitable (climate) , the dispersion of resources o-er the area, in con
junction with a strong diversity of cultires and objectives existing side by 
side of systems for exploiting the area which are very different fram one
 
anothecr, both at the regional level and at the level 
K1 the agropastoral unity.
 

FUNCTIONS OF THE ANIMAL POPULATION AND I1VESTOCK-FEARIG STRATEGIES 

The livestock population, an animal group transforming plant resources,
 
is above all a means of production and stockpiling. its e×ploitation has to
 
meet a part of the food and monetary needs of the family ;,roup. Nevertheless,
 
it fulfills other C'unctions economic, :ocial and religious.
 

Milleville et l. , MY952)show in the Ou Ialan (sector sahelo-souda
nian), that Ilivestock is the only means of ho].ding capital for families and
 
individuals , or there exist rules for sharing iestack within the family and
 
occasionally ontide the family, the animal population plays a decisive role 
in the process of social reproduction. The pa""sing-on of the livcstock to the 
children of a surviving parent foresees therey the possibility of splitting
 
up the herd when a son is able to attain real autonomy. Other ways of pas
sing on live-tock (inheritances, dowrie,, exchances and transactions) contri
bute to a high turnover in the owning of livestock. The distribution ef lives
tock is therefore the result of a combined history of the herd and the family 
which controls it. 

In addition to this strengthening of the ties of union between the diffe
rent individuals who make up the family group, certain practices related to the 
guardianship and the yielding-up of livestock indicate 
the confidence of the
 
relationships between different families.
 

These social necessities, added to the search for prestige and to the
 
needs of hospitality and religious sacrifices lead by themselves to the perma
nent growth of the family's livestock population. This complements the obvious 
economico and technical advantage of holding a significant number of animals. 
Thus the size of the animal population plays a role of the highest importance 
with regard to the quality of conduct (guardianship, seasonal migration), and 
only the shortage oi water for livestock in the dry sen,.cn calls for work in 
proportion to the number of heads. Furthermore, the large size of the herd 
favours its exploitation (milk, manure, commercial uses) , .nd improves zoo
technical performances (competition between herdsmen and young animals with 
regard to milk). In addition the livestockpract]ice adopted for the running 
of the large herds shelters them to some degree from the consequences of 
difficult years (the seasonal migrations are more frequent). Thus the logi
cal result would be that the herd grows in size, 
so that it fulfills its 
multiple functions wlnile minimizing the risks. 

[he structure itself of the herd reveals the same functions. ["or example,

the prictlce of keeping a high contingent of male adults, which are the beasts 

1 In so far as it is always owned on an individual basis. 
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The fallow is leguminous-rich. (Zornia glochidiata).
 

In the north, the cultivated landa taken over from pas;turelands, 

can be degraded as a result of repeated cultivation on fragile soils 
tparticularly by work carried out without precautions on the bush fields), 
more serious in that the soil is insufficiently protected during the 
ains and that it suffers in the cry season from an intense aeolian 

erosion (mainly after the removal of the residue of' the harvest (sorghum, 
groundnuts, millet, cowpea) and a breking-up of' the soil trampled on by 
the animals. 

The rou.es us;ed in the rainy season, and in 1'articular the 

colluvial slopes composeJ predom.iinantly of line sand and 3o3.t, quickly 
become :s3erile and warped beaches where there survives only the grass 
Microchloa indict, which indicates a critical stage of degradation only 
a short time before the ablati on of the superficial horizon, with the 
disappearance of the herbaceous; carpet and the withering-away of' the 
ligneous cover.
 

At the rioment, over or'imng seems to be generalized and lead to a degra
dation of routes described by nu :-erous authors (Benoit 1982, Baudet 1985, 
Grouzis 1979, Marchal 193, Toutain and de Wispeleare 1985). In addition 
to degradation (destruction of ,-rees, erosion, increa:e of certain gramina
ceae) ther'e js the effect of the shortage off recorded rainfall since 1968 
(Alber-gel and Grouzis, 1 . The .)ork of OIRSTON at the lake of Oursi 
has thus shown the relationshi p existirng between the herbaceous biomass of 
this reservoir' and the averare ra infali it receives. 

The continued extension of' rhe cultivated area over the grazing area, 
cre,' conflict beLuweeri the herdsmen and the cultivators and the shorte
nino of' the fallow for :r'a.-n7, arilsi.ng from demographic increase without 
modifying the agriciltural isiystem,the third cause of a dramatic reduc
tion in the fodder rso-rces in these Scctuers. Thus, it-, the sahelo-souda
nian zone (Oudalan) , liilevillo ei, a!., iP82) observed land-clearing 
followed by the cultivation of the drained areas reserved for the first 
winter grazing and den-ely wooded arca.;. Those agricultural extensions, 
coupled with the rivalries between roups cf herdamun, related to the 
diminishinp r'esocrce, resul.t in cvorercwded areas, thereby hindering the 

seasonal mi at i ons Mi.] -lville etal. , 1982. 

The use of the residue c' the harvest is also altered and we notice 
that the non-nomadic pesants use it, for feed. The keeping of stocks, as 
well as other factors (reductiun cf available millet, increase of stock
farming by the non-nomado, use of alternative manures) result in, among 
other thinos, the -r adual disappearance of '"manure contracts" which for
merlystr'ngthe's". the complementarity of specialized production cells, and 
to a reducti on in g.uardanship praticec. 

This evolution in the ,o..in of Fodder resources is translated by 
the expansicn of' cultivated surfaces, systems centerd on livestock-rearing, 
and the growth of anin'al-.faraing in systems bresed on agriculture (mainly 
through oxen and small ruminants). This evolution has been supported by 
development actions more oriented towards veterinary activity and non
nomadic animal-farming in the agropastorai syotlemsu. 

Water resources. Althoug-h this factor could be only a little restrictive, 
the question of water is relevant to certain soudano-sahelian zones. In 

1982, Benoit wrote : "with regard to the lowering of the underground water 

http:arilsi.ng
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take place at the same iu : f'irstly
tables, three phenomena seem to 

d:ef'orestation whichthe lower rainfall since 1968 ; lien arl extr acrdnra, 

cvu s.s the running-off of the water to a,'eler'ate at he ,'xense of under

ground waters ; finally the excessive presaure ofK ' '.'hlch usqs up the 

indeed we notice in c't,' n are.as, compereserves". On this last poin;s, 


t.tion for the use of underground t w..:noo':, ani-, need:
 

on tic o, snd, ani thc. new - tl'ity' o 'fUde-in, h' i' 'lJoi.
 

in ,ertain rei,mn. Durin:, tihe dry .''sun,' .,I.iesconstantly 
'
 il r'u:! ,Lott - .3 and one zinre 

eg7uolapt C to 0 itre-1 ol" wat,:r.
 
. he ha .c seen tha., loo:k a:llyv, in 3v0A .,ams.inly.
 

between 20 and 	 30 lit:r'e , a sp i]nant 

Evolutilon oF the nyst c'nm r 


ba."(d on 7r'azin., thep, t'.,u'' t to IFii its runctions,
 

U 


Led space an-d dimin i1shing reo ouieCC, t r V, to !".t in to arz;
 

which -rettino omilier', .hici, In, 'lilt 


I;'''' i r'ik 	 of 10 
which r,eqcires 	open l d and a'ldur'da't la ''' 

lcih cid'. tu ''v s 
vuno'li:' ity, ls:.a deterioration in Li. qua.lity o' theI 'y'tms 


euticioncy, the:tte.Ued produc .iOfl p otit i]
 

Moreover, ,l . 'uietiti'on t'',r'r.ourcs 1o,' cF with the
 

Jv c rop ' , , r e].1.1,)o,
r i:I i,''de in ' ), now makesnon-nomadic . i tl i , 

K jysL; - 'hih are mainly p"istoral, to the
 one question' tie vi idity 


benefit of a*rop:stor' l y:atem',and leid.; to tie necessity for other
'' 

'ry r, ''], 'l 'tni, f' r 'p:). These
 orm in pI i in '1t p 

/ 

ifil'tion"; thn5 :'lv't br,' up th'e :'0,st'Ii's by 'a alaricw fV th' wor' force.I 
it ito ''riw rertvin that SolcP,iopa .s-toril,.systems, ilthuioilh they
 

vo th, ]..'.,t vlnrrabler'eceive be tto r 	 supp';r t from devo-'up'n " t 
o. the 0p hand, the'i ation on theand the L,. adapted in so Cup a, 


area seems u'',vorl.'o11in cer'tin Po0,'ts utivaton of
"]partiulalIiyn 
ton in unp1l"'1 c ted cond 1t1or.-? ,xpornt n offr'asile lands, animal trac 


the straw) ; on the other. han Itheir rl1iamnce On the proviion of sup
o, , prices,
plies (seeds, additional f1od-srtus, f.>rt.zo 

) ni u''r 

credit and aove all unprelictubi 0 1"a(. t .' conditions J_ very clear.' 

fisl'la " 011t L i -itir-,or',I' tiis sector.The lowerin o' production .evi to', 

aoh lluthe tnie mnWhen the resou'ces . c. ur'a U]imnLish at 


pressurO increse: ard thie cultivation m'thods are not ,..ng'd, we can
 

only bear witneos to a proes.s ri' roiiS poverty.
 

LIMIT.S AN) ilOPC2 0II''EICILAL CPAIICS IN RA121NG LI VEO CK 

note will not permit a claen "va.uaton of mostThe context of 	this 
,


technical them,-o, but we pi'o'p'.xt' tL .ivo uibrief review
of the appropriate 

or the main ideas uAn 'orar'd by reseanr'I.
 

pr'inc'pie o' the spe-Regiori! specislizations. For Santoit (1i93), the 


space in a colntry "oeingtorn" (sylvop"stoil zone of

cialized use of 

the north) and in a counl'' where ti(e t"tter 1:I oifgar.iZednimals
 

Viley, suith) has bIahnfl 1('wlI, for t'n y by sone sahelian
about byi's 

states, shou1la 	be qu:,stione'd again . :,...on ,asntiall technical consi

n pr n constuitcos A l'i'OwOi'wok which is too ri.'id and very
deration, such 


badly adapted to tihe diversit'/ 11' ropastop-l syst.ms, and to the
aor 


equilibr-ium of 	'Lie herd muct'. re
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On the other hand, the destocking policies at the beginning of the 
dry season, the goals of which cover both a reduction in over-grazing
 
and an encouragement for the commercialization of the herd, go against 
the herd's functions and can lead to some difficulties in ieading a her.]
 

without its old males. 

On the contrary, Millevil tA 31.,(1982), show that in certain 

conditions (saheio-soudanian), intraregional development specialization 
between zones where the pastoral action is given priority and zones where 
the priority is accorded to cereal production, could result in encoura
ging a bettor intraregional complementarity and particularly in reducing 
the taking-over and the squeezirg of the pastoral space by crops. 

Pastoral-based systems. The preservation of the environment and its 
regeneration, improvement in fodder productivity, restoring of deterio
rated pasture-land, replanting of ligneous stock on anti-erosive sites, 
partial defence measures, the gleaning and stocking of fodder to improve 
the quality while reducing losses, fodder cultivation ; for Milleville 
et al., (1982), so many activities which should be tested around agglo
merations, certain camps, and in yinces ecologically appropriate. It 
seems illusory to expect significant results on the regional scale in the 
short term. The works of Toutain and Do Wispelaere (1977) and of the 
CTDR, tend on the other hand to prove that certain areas have deterio
rated too much to be able to envisage restoring them at an acceptable 
cost..The priority would bo rather to try to contain the process of dete
rioration of those areas which have not yet reached this stage. 

Nevertheless, Boudet (1985), strongly recommends the enrichment and 

the restoration of certain deteriorated links of the seasonal chain of 
certain areas. This operation, according to him, can only be effecti
vely carried out by the herdsmen themselves, who are too scarce and insuf
ficiently equipped to do this work. Yet the participation of the benefi
ciaries would be desirable so that they eventually hold a right of 
control and usage on the space concerned by the development. 

Adjustment of the grazing land or running of pasture-land. A regional 

pastural service seems necessary for the definition of alarm thresholds 
for which the amount of the critical load strongly recommended by Boudet 
(1995), is lower than one of the load calculated. For illeville et al., 
11982), if a pastoral code were adopted, allocating the preferential use 
of geographic sectors to groups of herdsmen, it should take into account 
the present pattern of use of areas and the distribution. 

These sectors should also be enlarged so that the herdsmen may 
benefit from this heterogeneity and neutralize certain unfavorable aspects, 
but they should be small enough for everyone to feel concerned with the 
necessity for protection (developments, fight against fires, systems of 
rules for pastures-land.. .). This code should not penalize, however, the 
most productive pastoral systems based on the use of larger space with 

big herds, demonstrating the value of "pascoral and ecological reserves" 

with a low level of utilization and difficult access. 

In these sectors, besides adjusting the grazing load, it would be 
possible to begin improving the quality and the produ,'tion of fodder.
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According to Boudet (1985), a delay of 20 to 40 days between two grazings 

optimizes the usable capacity of pasture-land. This period of growth can 

be guaranteed by n strict rotation of the herd under supervision (closure 

of certain watering places, moving to different resting-places for the
 

night). In the dry season, it would be necessary to protect the pastures 

from being trampled until the time when they can be used in their best 

condition.
 

Actions enablin an increase of the zootechnical jf§formances. The tech

niques enabling the reduction of the mortality rate, the increase of 

fecundity, and the limitation of' the consequences of under-nourishment 

during the period between crops, are well known ; vaccination compaigns 

and hygiene education, eradication of parasites, complementary nourishment 

(particularly nitrogenous-based) and extra minerals, development of fodder 

banks, ambivalent leguminous plants (cowpea) sown in areas previously 

used during the rainy season, hedges and anterosive fodder strips, the 

gleaning of natural fodder. 

According to Milleville et a!., 1982) the application of' these 

techniques raises two questions : 

(1) One, concerning the ways of introducing them, the supplying of 

the means, and the maintenance of' the set-up. It favors measures 

which lead to lengthy training. 
(2) The second concerns the accompanying measures, since one can 

only envisage "stock-farming development" as synonymous with an 

increase in the costs. It would mean especially an increase in 

the marketing function (prices, marketing channels, recovery of 

weak animals before being sold. .. ). 

In the agropastoral systems based mainly on agriculture, one should 

be careful about introducing themes of intensive cultivation (labor type)
 

in a zone where there are high climatic risks (nitrogenous fertilizers, 

new varieties and exotic leguminous plants). 

It is imperative to limit the extension of' crop-farming on transi

tional pastures (lowland type) as well as on the unprotected lands which 

are the most vulnerable to erosion (filtering bank type, isohipses). 

It is in these systems that the integration of .agri-ulture and stock

farming should be promoted at the heurt of the development (stocking of a 

part of' residue of harvest, fattening bf on in s whichof bas"ed utraw 

in improved by molasses, stablc manu.ne, car.s for transport, oxen and 

light ploughs, dry season gardening). The association of this sub

regional "agropastoral" unity with "pastoral" unit ics should enable 

traditional barter exchanges Wf manure, cereals and animals. 

Agropastoral water systems will play a central role in the success 

of such an "agropastoral code", since water can becore a major constraint 

in agropastoral systems during this dry period. Ti~e use of water above 

and below the surfoce must be controlled and the level cf the reservoirs 

supervised. This can give rise to the inception of' projects with, among 

other' aims, the goals of encouraging the creation of a water stock avai

lable for the three uses (domestic water, drinking water for animals, 

water for gardening and tree-planting).
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CONCLUSION
 

In the soudano-sahelian and sahelo-soudanian zones, demographic
 
patterns, the dry climate and the weakness of the present controls and 
rights of usage (Benoit, 1982) lead to overexploitation of the area. Thus
 
one observes a more or less irreversible deterioration of resources and
 
of the viability of pastoral and agropastoral systems.
 

One of the actions which seems most relevant at the moment is the 
transformation of the rights and authorities "in being" into a collective 
agropastoral code which would take account of the diversity of local 
strategies, of the various levels of resources and needs, and would make 
it possible to work out development activities in a collective manner. 

Objectively, one must admit that such a code will not be able to
 

solve the problem of overpopulation and social reproduction, in a
 

framework of saturation.
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PROFITABILITY OF ANIMAL TRACTION: FIELD STUDY IN BURKINA FASO
 

1
 

W. Jaeger and J. H. Sanders


Since the beginning of the 20th century animal traction mechanization
 
has been promoted in Sub-Saharan Africa. Yet less than 15% of semi-arid
 
tropical African cultivated area now employs animal traction (Spencer,
 
1985). In _urkina Faso both international and national agencies have been
 
promoting animal traction since the sventies (Munzinger, 1932). Never
theless, outside of the southern and- .tern regions of Burk.na intro
duction has been slow. Tis study evaluates some effects of animal trac
tion in several villages in Burkina and considers some of' the factors 
leading to differences in profitability estimates. 

Agricultural technology has been divided into land and labor
 
augmenting technologies as follows
 

Y=A.Y

L LA where Y Agricultural output; L = Labor se 

Y 
A = Land area; - Average product of labor or labor productivity;

L 
AY 

Land-man ratio; and Aggregate yields. 

In this dichotomy, mechanical technology is expected to have its prin
cipal effect on increasing the land-man ratio, whereas biochemical technolo
gy -- improved agronomy and seeds, and use of fertilizer -- will have its
 

principal effect on the latter, aggregate yie'"s. However, yield effects
 
for mechanization have been reported in the 1. ornture from improved time
liness, better soil preparation, and uvercming seasonal labor bottlenecks.
 

The effect of anima. traction on the land-man ratio and then on yi. lds 
will first be considered.. Then, the costs and returns to animal traction 
in several regions of Burkina Fasc will be estimated. Finally, some broa
der policy concerns will be rais. 

Area expansion effect. The principal finding in this study is that an
 
area expansion was made possible by the use of animal traction on most
 
farms. The limiting labor bottleneck occurs at the first weeding, which 
also coincides with late planting. 1,'ith animal drawn implements, the area 
cultivated was increas;ed by up to 30%, or up to 3 ha. for an average size 
farm. Estimates from various sources ranged from 20% to 55/. increases in 
area. Both donkey rind oxen based systems performed weeding about seven 
times more quickly than a man alone. There appears to be no ad.antage to
 
the stronger oxen for the weeding operation (Tables I - 3).
 

1 	Graduate student, Department of Agricultural Economics, Stanford 
University, Stanford, California, and Associate Professor, Department 
of Agricultural Economics. Purdue University, W. Lafayette, Indiana. 
This paper is a condensation and summary by John H. Sanders of the 
Ph.D. thesis of W. Jeager, Agricultural mechanization: the economics 
of animal traction in Burkina Faso, Stanford University, 1984. 
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With experience farmers were able to increase the cultivated area by 

30% for cereals and 45% for peanuts in Nedogo. There was a learning curve 

involved as it took three to five years for farmers to learn how to uti

lize the implements and how to obtain these yield increases ([i'g. 1). 

The animal cultivator enabled farmers to overcome these peak seasonal 

de 1..ands for labor in weeding the cereal crop and permitted increased cash 

crop production. The planting of peanuts normally coincides with the 

weeding of millet and sorghum and therefore animal traction enables te 

expansion of the peanut area. Draft aniamals ere also utilized for the 

second weeding and earthing-up. The latter operation consists of' putting 

soil along the plant rows. This conserves moisture by slowing the run-off. 

The acreage effect does require access to land. In the survey those 

with animal traction were able to substantially increase the land area 

cultivated. One potential explanation for some lack of adoption could 

be the lack of access to land.
 

When farmers were asked about their labor, constraints, most identi

fied the first weeding as being the principal problem time, though the 

planting and ploughing were also identified (Table 4). Farmer's adopting 

animal traction reported an area expansion of the basic grains, millet and 

sorghum, and increased marketed surplus (Table 5). 

Yield effects. With all be the other differences between farmrs and small 

yield effects it is often difficult to peparate out the effect of animal 

traction (Tables 6-8). Discussion in the literature on the yield effect 

of mechanization has been heated (Minontyr, 1978). On the experiment 

station accurate measurement has been obtained. Holding constant the 

planting date, statistical estimates were obtained for 32% yield increases 

with donkey and 45% with oxen in sorghum production. 

For animal traction to be profitable,Profitability of animal traction. 


the utilization rate needs to be reasozably high, 20 days or 150 hours. 

Low utilization levels can result from: 

(1) Small farm size: To fully utilize a draft team, six active 

family members or more appear to be necessary. In the villages 

studied the mean family size in animal traction-uti.lizing house

holds was approximately twice that in households not utilizing 

animal traction.
 

(2) The learning curve phenomenon is important. It takes three to
 

Live years for farmers to master the technology. 

(3) Stages of technology evaluation: donkeys are cheaper and easier
 

operate out oxen represent a furtheL' improvement because 

they are more powerful. 
critical for overcoming 

to 

(4) Combination of impicaceta : The weoer iK 

seasonal labor bottlenecks. Combining the weeuer with the plough 

can provide yield effects. There may he an important water reten

tion effect for sem-arid regions. 
is very limited with(5)Late rains: The opportunity for ploughizM. 


When the rains begin early, the plougn can be used
 late rains. 

Here oxen have a definite advantage since they are
 extensively. 


stronger and ploughing is more power intensive. According to
 

75% faster than a donkey.
the statistical analysis, ox teams were 


There are time delays in the learning
(6) Financial constraints: 


curve and in the payback period to the investment in 
animal
 

traction.
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Table 1. Area cultivated by crop in two villages 
in Burkina.
 

Nedog__ _ DiaNeog 
Manual Animal Manual Animal 

Crop till.ae traction till-ge traction 

ha/worker --

Millet 0.609 2 0.813 0,802 0.877 
(.004) (.048) (.118) (.065) 

White sorghum 0.141 0.239 * * 0.042 0.080 
(.026) (.035) (. 02) (. 03) 

Red sorghum 0.141 0.110 

(.025) (.015) 

Maize 0.019 0.031*** 0.035 0.C39 
(.002) (.003) (.007) (.006) 

Peanuts 0.044 0.0644 0.026 0.C54** 
(.009) (.007) (. 01) (.o08) 

Bambara nuts 0.013 0.007 0.007 0.009 

(.004) (.001) (.003) (.004) 

Rice 0.004 0.003 0.005 0.012 
(.001) (.001) (.005) (.004) 

Soybeans ------ 0.010 0.019* 

(.004) (.003) 

Cowpeas --- 0.C02 0.014** 
(.002) (.005) 

Working house
hold members 4.7 6.6 4.4 7.1 

n 24 36 11 48 

1 Source: W. Jaeger (198 1 ) p. 47.
 

2 Standard errors are in parentheses.
 

, *, and ** indicate significance at respectively the .10, .05 and .01
 

levels. significance tests are between group means of animal traction
 

and manual tillage households.
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the village, Boromo, Burkina.I
 Area cultivated by crop at
Table 2. 


1981 1982 

Manial n Anir.al Manual Animal 

Crop tillage traction tillage traction 

ha/worker 

0.175
Millet 	 0.1932 0.126 O.1C 


(.05) (.06) (.03) (.03)
 

0.231
White sorghum 	 0.333 0.307 0.291 


(.07) (.08) (.05) (.03)
 

0.097
Red 3orghum 0.224 0.140 0.065 

(.04) (.05) (.01) (.03)
 

0.049
Maize 	 0.044 0.044 0.037 

(.01) (.01) (.01) (.01)
 

0.030 0.081** 0.015 0.033
 

(.01) (.02) (.006) (.01)
 
Peanuts 


0.358 0.199 0.255
 

(.04) (.05) (.03) (.05)
 
Cotton 	 0.300 


0.005
Cowpeas 	 0.004 0.006 0.002 

(.004) (.006) (.002) (.004)
 

0.001 0.001
Bambara nuts 	 0.009 0.002 

(.001)
(.004) (.001) 	 (.001) 


0.003 0.001 0.011 0.007
 

(.003) (.001) (.003) (.C02)
 
Rice 


Working house
7.7 5.3 	 1'.6
hold members 	 4.0 


n 	 15 10 34 24
 

1 Source: W. Jaeger (1984) 	p. 48.
 

2 Standard errors are in parentheses
 

.10, .05 and .01
*, **, and *** indicate significance at respectively the 

levels. Significance tests are between group means of animal traction 

an'i manual tillage households. 
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Table 3, Area cultivated by crop at the village, Djibo, 
Burkina.
 

Crop 

1981 season 

- anual Animal 
tillage traction 

ha/u;o

1982 

Manual 
tillage 

rker 

season 

Animaf
traction 

- -

Millet 1.0572 
(.06) 

1.352 
(.31) 

0.992 
(.08) 

0.759* 
(.10) 

White sorghum 0.026 
(.01) 

0.059 
(.03) 

0.029 
(.007) 

0.034 
(.015) 

Maize 0.012 
(.001) 

0.015 0.013 
(.003) (.002) 

0.010 
(.003) 

Peanuts 

Bambara nuts 

0.001 
(.001) 

0.002 

C.012" 
(.008) 

0.003 

0.002 
(.001) 

0.004 

0.003 
(.001) 

0.002 

(.001) (.001) (.001) (.001) 

Rice .0002 
(.001) 

0.002** 
(.001) 

.0001 
(.001) 

0.002 

(.001) 

Working house
hold members 4.4 9.0 4.4 9.0 

n 31 17 j0 17 

1 Source: W. Jaeger (198f4) p. 49. 

2 Standard errors are in parentheses. 

** indicate significance at respectively the .10 and .05 levels.
 

Significance tests are between grcup means of animal trvaction and
 

manual tillage households.
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Fig. 1. Relationship between experience and use of animal traction.
 
Source: W. Jaeger, (1981).
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I
 

Table 4. Labor constraints on increased 
farm production.
 

Activity 

Plough-

ing 

Plant-

ing 

First 

weed-

ing 

Second 

weed-

ing 

Labor not 

constrain

ing 

" of responses 

Activity perceived 
by farmers to be 

most constraining 

Nedogo 
By hand tillage 

households 32 68 

By animal traction 

households 44 40 27 

Diapangou 
By hand tillzge 
households 22 44 33 

By animal traction 
households 6 34 40 9 11 

Boromo 
By hand tillage 

households 25 34 34 6 

By animal traction 

households 9 30 22 4 35 

Djibo 
By hand tillage 

househoid 15 60 20 5 

By animal traction 

households 40 60 

Activity perceived 
to be most constrain

ing prior adopting 

animal traction: 

Nedogo 

Diapangou 

Boromo 

28 

39 

40 

9 

26 

53 

51 

22 

3 

13 

9 

3 

4 

Djibo 8 58 8 25 

1 Source: W. Jaeger (1984) p. 97. 
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Table 5. 	Changes in production and marketing sin e adopting animal
 
traction: farmer's interview responses,"
 

Factors 
 Nedogo Diapangou Boromo Djibo
 

Animal traction farmers
 

Percentage of farmers
 
who cultivate more land
 
since acquiring animal
 
traction, 	% 
 80 95 67 92
 

Crops for 	which area
 
cultivated2has increased 
 Millet Millet Cotton Millet
 
(on family fields) Sorghum Sorghum Sorghum Sorghum
 

Peanuts
 

Percentage of farmers
 
who sell more of what
 
they produce since
 
adopting animal traction
 
(produced on personal2
 

fields), % 65 
 90 81 8
 

Crops sold 	 Millet Millet Cotton Fonio3
 

Peanuts Pean:its 	 Peanuts
 

Rice
 

Manual tillage farms
 

Percentage of farmers
 
who cultivate more
 
land now than they
 
did five years ago on
 
family fields, % 58 
 75 48 68
 

Crops for which area
 
planted has increased Millet 
 Millet Sorghum Millet
 

Sorghum Sorghum Cotton Fonio
 
Maize 

1 Source: 	W. Jaeger (1984) p. 99.
 

2 Family fields provide rho f':mily food supply; persc.ial 	 *r individual 
fields are cultivated 	by individual household members for various uses
 
including 	a scurce of cash income. 

3 Fonio is a grass seed, sown by broadcast method.
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Crop yields at two villages in Burkina.
 Table 6. 


Nedogo Diapangou
 

Manual Animal Manual Animal
 

Crop tillage traction tillage traction
 

--- g/ha 
499**
371 356 395 

(28)2 (21) (37) (17) 

n 24 n = 36 n = 11 n = 47 

Millet 


White
 
* *
 

sorghum 554 363% 226 532 *
 

(88) (36) (64) (F5)
 

n = 19 n = 30 n = 5 n = 2
 

465
Red sorghum 503 


(82) (54)
 
n = 20 n = 32
 

992 1814*
Maize 1147 1429 


(P19) (120) (171) (109)
 

n = 24 n = 35 n = 11 n = 47
 

567***
Peanuts 535 470 346 


(73) (57) (33) (40) 

n = 23 n = 36 n = 6 n = 40 

Cowpeas --- 94 699 295
 
---.-.-.- .- (70)
 

n=l n=I n=11
 

332 877
Bambara nuts 327 577 


(80) (51) (149) (151) 

n = 19 n = 24 n = 4 n = 22 

1377
Rice 1554 1285 2833 


(561) (351) --- (228)
 

n=6 n:' n:1 n:9
 

762 538
Soybeans 

(168) (151)
 

n = 6 n = 37)
 

1 Source: W. Jaeger (1984) p. 51.
 

2 Standard errors are in parentheses.
 

*, **, nnd *** indicate significance at respecti.ely the .10, .05 and
 

.01 levels. Significance tests are between group means of animal
 

traction and manual tillage households.
 



--- 

300 APPROPRIATE TECHNOLOGIES
 

Table 7. Crop yields at the village, Djibo, 
ir Burkina.
 

1982 Season
1981 Season 


Manual 
 Animal
Animal 

traction
 

Manual 

tillage 	 traction tillage


Crop 


kg/ha
 

178 
 205
393**
490
Millet 
 (28)
(31) 	 (13) 

n = n = 17


(31)2 	 2 8  

n : 17 


499
 
n = 31 


208
1081
492
Whita sorghum 	 (453)
(97) 	 (518) (319) 

n = 8 n=11 n = 6
 
n = 12 


245 
 52
371
497
Maize 

(72) (142) (13)


(103) 

4
n = 13 n = 8 n = 


296 


n = 24 

125
'744
1135
Peanut.-
 (16)
(447) 	 (232) (19) 
2
n = 10 n = 2 n = 


n = 9 


199 
 22'
1450
1294
Bambara nuts 

(325) (469) (32) (70)
 

n = 3
 
n = 13 n = 12 n = 9 


617
2299
2194
Rice 
 (199)
(1694) (1257) 

n = 2
 

n = 2 n = 4 


1 Source: W. Jaeger (1984) p. 53.
 

2 Standard 	errors are 
in parentheses.
 

.05 level. Significance tests are
 
** indicates significance at the 

between groups means of animal traction and 
manual tillage households.
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Table 8. Yield response of sorghum to ploughing: FSU farmer managed
 

trial results, 1983.1
 

Type of soil preparation
 

No ploughing 	 Donkey plough Ox plough
 

kg/ha
 

Diapangou
 
No tied ridges 2
 

**
 
No fertilizer 363 	 481*e* 526'
 

(39) 4 	 (43) (40)
 

With fertilizer 3 719 	 837*** 856***
 

(46) 	 (64) (47)
 

With tied ridges
 
*
 

No fertilizer 441 	 552*** 578* *
 

(37) (31) (35)
 

753 871*** 991**
With fertilizer 

(51) 	 (56) (53)
 

n 	 24 25 25
 

Nedogo
 
No tied ridges
 

444
399
No fertilizer 

(95) 	 (79)
 

604
With fertilizer 693 


(98) 	 (104)
 

With tied ridges
 
544
409
No fertilizer 


(95) 	 (128)
 

876
With fertilizer 707 

(183) 	 (205)
 

n 	 14 19
 

7 Source: W. Jaeger 	(1984) p. 89.
 

2 Ridges are "tied" by connecting small dikes at intervals of one to two
 

meters to block the furrows and prevent run-off. This was done
 

30 days after planting.
 

3 Fertilizer application consisted of 100 kg/ha of 14-23-15 fertilizer
 

and 50 kg/ha of urea, applied at first weeding.
 

4 Standard errors are in parentheses.
 

** anj *** indicate significance at respectively the .10, .05
 

and .01 levels.
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Internal rates of return were calculated over an eight year 
payback 

with the purchase o: the animal and the equipment. This calculaperiod 
deaths
 

tion includes maintenance, depreciation, and expected losses 
due L 


The actual observed internal rates of' ret.rn were
 in bad rainfall years. 

10). If 

26% and 35%, respectively, for oxen and donkeys (Tables 
9 and 


higher levels of use of the plough and the cultivator and 
shorter learning
 

curves could be achieved to efficiently utilize these implements 
and ex

pand the area cultivated, then these internal rates of 
return could be
 

increased. With favorable assumptions, those internal rates of return
 

could be increased to 687 and 114%, respectively. It is probably not
 

possible, however, to obtain these types of utilization 
this quickly.
 

Note that weeding equipment would need to be rapidly combined 
with land
 

th.a ploughing 
area expansion. Moreover, it would be necessary to utilize 


equipment in the land preparation.
 

CONCLUSIONS
 

ln summary, field observations showed that animal traction 
was moder

could be much more profitable if the time period for 
ately profitable but 

and multiple use of implements were
 the learning curve were shorte 


With Linear Programming (LP) analysis the profitability 
of
 

achieved. 

The most profi

various 	types of mechanization are illustrated in Fig. 
2. 


ploughing) is achieved with 
table complete mechanization (cultivation and 


or if the feed supply were extreoxen. If only cultivation is mechanized 


mely limited, then donkey traction would be the most profitable. 
However,
 

100 hours oxen traction result in
 at higher utilization, rates of about 


superi.or profitability (Fig. 3). By inference, some of the variation in
 

the performance of animal traction between regions is expected 
to be ex

curve and the number of operators mechanized. To 
plained 	by the learning 


hese high rates of return farmers need to be able to rapidly

achieve 


use of the animal cultivator and the plough. They also need
 
master the 

time period. Hence, g-od
to expand the area cultivated over a shorter 


several implements, and healthy animals all appear

management, the use of 
to be necessary.
 

Large families with more accumulated wealth and perhaps better oppor

land area seem to invest more in 	 animal traction. 
tunities for extending the 

et al., 	 1981)
Many of the failures in animal traction introduction (Sargent, 


resulted from introducing an inappropriate or incomplete

appear to have 


it has been completely test.ed. For example,
technologtcal package before 


the uce of the ox plough alone 
often w-as not economical. 

is that 	over time the growth of' a market for
Moreover, one implication 

This type of market
 
trained 	animals would reduce the learning curve time. 


animal tractionNigeria. Shifts to rapidpresently exists in Northern 

require changes in savings behavior and markets. Presently, farmers do
 

Evolution of farmer savings
their savings principally in goats and sheep. 


behavior would be expected over time as it becomes 
profitable to utilize
 

animal traction.
 

http:superi.or
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Table 9. 	Partial budgets for adoption of ox traction: eight-year
 

budgets under various assumptions.
 

Year 	 Internal
 

rate of
 
7 8 return
 

Annual costs/ 

Benefits 0 1 2 3 4 5 6 


CFA x 1,000
 

Costs of ox
 
traction
 

Animal pur
chase 100 
 -100 -100
 

Equipment
 
costs 49 5 5 
 5 5 5 5 5 5
 

Feed, medi
cine, etc. 
 16 16 	 16 16 16 16 16 16
 

Total costs 149 21 21 21 -80 21 21 21 .-189
 

Assumed benefits
 

Observed farm revenue benefits (FSU), and approximate learning periud
 

after adoption:
 
O 17 34 45 56 67 67 67 67
 

46 	 ?6
Net benefits -149 -4 13 24 136 46 46 256 


LP estimated benefits for observed u e/learning curve:
 

O -15 26 47 64 77 90 98 104
 

77 293 25
Net benefits 149 -36 5 26 144 56 69 


Benefits when doubling the rate of increased use after adoptlon: 

0 26 64 90 104 109 109 109 109 

60 184 	 88 88 88 298 41
Net benefits 149 5 43 


Benefits with a 50 percent rise in long-term utilization rate:
 

o 5 60 100 120 143 158 167 173
 

149 -16 	 39 79 200 122 137 146 362 44
Net benefits 


Benefits when combining assumptions 3 and 4 above:
 

0 60 120 158 
 173 180 	 180 180 180
 

Net benefits 149 39 99 137 253 159 159 159 369 68
 

1 Source: 	W. Jaeger (1984) p. 138.
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Partial budgets for adoption of donkey traction: eight year
Table 10. 

1
 

budgets under various assumptions.


Internal
 
rate of
 

Year 


Annual costs/ 

2 3 4 5 6 7 8 return
Benefits 0 1 


CFA x 1,000
 

Costs of donkey
 

traction
 

Animal pur
-18
chase 25 10 


Equipment
 
costs 48 5 5 5 5 5 5 5
 

Feed, medi
7 7 7 7 7 7 7
cine, etc. 7 


Total costs 73 12 12 12 12 12 12 12 -11
 

Assumed benefits
 

Observed farm revenue benefits (FSU), and approximate learning period
 

after adoption:
 
0 17 33 44 55 66 66 66 66
 

Net benefits -73 5 21 32 32 54 54 54 77 35
 

LP estimated benefits for observed use/learning curve:
 

0 15 34 52 68 "75 85 90 94
 

3 22 40 46 63 73 78 105 41

Net benefits -73 


Benefits when doubling the rate of increased use after adoption:
 

0 34 68 85 94 97 97 97 97
 

85 85 85 108 67
Net benefits -73 22 56 73 72 


Benefits with a 50 percent rise in long-term utilization rate:
 

0 25 65 95 115 128 140 148 153
 

13 83 136 164 70
Net benefits -73 53 93 116 128 


Benefits when combining assumptions 3 and 4 above:
 

0 65 115 140 153 163 163 163 163
 

Net benefits -73 53 103 128 131 151 151 151 174 114
 

1 Source: W. Jaeger (1984) p. 139..
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Complete ox traction
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Complete
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Ox plough Only-
0 
o 400 
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nWeeder
-- iland 

Tillage
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Number of active household members 

Fig. 2. Increases in farm revenue with animal traction for
 

p, 132.
different farm sizes. Source: W. Jaeger (1984) 
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c 200 

rZ 150 Ox traction Donkey traction 
U 

o 
100 

U 

0 

o 100 

ifours of' use 

Fig. 3. 	 Increases in farm revenue for different levels of 
utilization of "nimal traction. Source: W. Jaeger (1984) 
p. 129.
 

In regions of Burkina Fau.o such as the Central plateau, which is cha
ra:terized by marginal rainfall and poor scoils, yields are de,:!ining over 
time due Lo the breakdown of' the fallow system with population pressure. 
It may be necessary to first arrest these cereal yield declines with more 

intensive farming before there will be a payoff to extensification. Other
wise, the extension of animal traction could be just spreading the overty 

by expanding the area on which yields are steadily declining (Sanders and
 

Roth, 1985).
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A RESEARCH STRATEGY TO DEVELOP APPROPRIATE AGRICULTURAL TECHNOLOGIES FOR
 

SMALL FARM DEVELOPMENT IN SUB-SAHARAN AFRICA
 

Dunstan S.C. SPENCERI
 

The dismal record of economic development. The record of economic develop

ment in Sub.-Saharan Africa (SSA) since the era of independence in the 

early 1960's has been a dismal one. Between 1960 and 19:12 Gross National 

Product GNP) per capita is estimated to have increa-'H at an annual rate 

of only 1.5%, compared to 3.O32, for all low income countries, 3.3%' for 

industrial market economies ard 4. 1,'for all upper/middle income countries 

(World Bank, 1986);. SSA countries maintained a reasonble growth rate in 

the decade immediately after independence. The decline started in the 
of Gross Domes1970's arid accelerated in the 1980's. The rate o,'growth 

tic Product (GDP) per capita was 1.3% per annum in the 1960's, dropped to 

0.7% in the 1970's, and has averaged-3.Y% since 19U (Porld Bank, 1984 b). 

poor perfor-Agriculture has contributed in no small ,a:sure to the 

mance of the African economics. It contributed 47, to GDP in 1960 but 

only 33% in 1982, and its annual growth rate was about 2. 1% in the 1970's 

compared to 3.0% for GDP as whole. In fact, SSA is the only part of the
 

developing world in which the index of per capita food production has
 

declined during the last two decades. Only Rwanda, Centrai African 

Republic, Swaziland, Ivory Coast, auritiu and Cameroon have shown any
 

positive increase in per capita food production over the last two decades. 

Africa has shown the slowestOf all. the sub-regions of SSA, West 
growth rate for total ford production. Thus the SSA food problem trans

lates mainly into a West African problem (Pauline, 19831. Furthermore,
 

per capita production of all crops in West Africa has declined, except for
 

a minor staple io the region. The poor performance in food
riee, which is 

production is due mainly to the very low rate of growth (0.5% per year) 

for the major staples--sorghum and millet, and the absolute decline in
 

the cash crop groundnut. The small increase in total. food production has 

been due almost exclusively to an increase in area under cultivation
 

indicating that technological change has not yet had much impact on food
 

production in Wost Africa.
 

The economic crisis situation in
The reasons for poor performance in SSA. 


SSA has many causes: political, technical as well as structural. External
 

factors include the world economic recession, and the declining terms of
 
The present world economic
trade for the commodities traded in Africa. 


recession (or shall we say "part-world" economic recession, since the USA
 

and much of Europe does not appear to have ever been in depression from
 

the point of view of SSA) has significantly reduced the purchasing power
 

of SSA governments. This has been attributed to its effect on the debt
 

burden of the SSA countries (caused by high interest rates), and the
 

reduced demand for SSA exports. Thus their ability to finance the essen

tial capital and recurrent expenditures (e.g., irrigation works and fer

tilizer imports needed to increase agricultural production) has been
 

reduced (OAU 1980).
 

IAgricultural Economist , ICRISAT, sahelian center, B.P. 12404, Niamey,
 

Niger.
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Internal factors have also played an important role in the decrease 

in SSA purchasing power. They include: poor economic naigement, inef

ficient and wasteful porastataQs, poor pricing policies which impinge 

heavily and negati1v 7 on agriculture, and neglect of export crop oroduc

tion in which Afric'n comp.arative advataae is saic to lie at the moment 

(World Bank, 981, 194). 

However, in my opinion, sufficient weight has not yet been civen to
 

the part played by environmontal constraints and the lock of appropriate 
about the present crisis, particularlytechnological solutions in bringing 

more favorablein the agricultural sector. Better internal policies and 

external economic climates might have delayed, but would not have pre

vented the pmusonL crisis. it is gevnra.ly believcd that agricultural re

search has come up with the inswers to the environmental and other agri

cultural development problems, but Lkt the Aolitiny have rot been trans

ferred to farmers because of ccrtain bottlenecks highlighted in much of 

todays agricultural literature (e.g. poor cxlensi-on systems, inadequate 

pricing policies, ineffective And inefficient seed multip jication programs 

or marketing parastatals, ,t.). in my view, unvironmental and other farm

er constraints not a-' adaq-rait;ly taken into account in researchhave l) 
undertaken for, or in SSA. Furthermore, the set of new technologies is 

often inappropriate, in thnt they respond poorly to formers' changing needs 

and cannot brin, about a su mLairible growth in ajore ate output. 

In Section II, the pnst performan:e of agriculturalCoverage of the paper. 
research systems is discussed. First of -l1 the type and pattern of 

durinc th,! colonial and toe po, t-indpndence periodsagricultural research 
are examined. The operational difficulties oC exO n, researcn systems 

is then discussed, followed by a critical ,vtoit:.mton of the present stock 

of technological nnovations that have Leen pr odIucedi. Finally, factors 

contributing to successesi nd fa ilurc A chedere 


ari tC t chno] ical research 

The char-st nrtics of new technologies 
In Section TIE, the rlesmits of irnppi' 

strategy for SSA are spelled out. 
that fit in with an agricu] turai duveloprmnt stratuC which emphasizes small 

farm develop:,ent are de]i.noatod. The final cton contains the conclu

sions.
 

PAST FP..I.Ul:.F QF AChUIPTAL hf'CITOG SYSTEMS IN1SSA 

The colonial period. Aricultural research was not neglected by colonial 
one or more m g ricultural researchgovernments. ePetween Q90 nd 1920, 

stations were e:tabished in virually every count-y in USA (Mckelvey, 
ra archI;rations cncentra ted aimost exclusively19G5). However, tie c 

on export crops, -'q. V! palm, cocoa, coffee and ,roundo its.
 

The investent did y!"Id rather subtartial returns. Hybrid oil palms 

were developed (Abaeln, 1971) and contributed significantly to agricul

tural export growth between 1940 and j9n0. hybrid palms outyield local 

wild palms by 500-Y00 percent under farm conditions in West Africa (Eicher, 
1904 and spread to
1967). Cotton research started in U-anda around 


1920's and 1930's. Sub-
Northern Nigeria and the French colonies in the 

stantial yield increases have been obtained under farm conditions by cotton 

farmers applying the results of this research, e.g. in BMn'ina F'aso, 
Delgado (1981). Similar successes were oblim ned with research in cocoa and 

to a lesser extent with groundnuts, both of' which started in West Africa 

http:FP..I.Ul
http:gevnra.ly
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in the 1920's.
 

Hybrid maize in Kenya and Zimbabwe is the only fuod staple toward 
colonial periwhich substattial research ofr orts were directed during the 

in a int:a the middifud inod. Research was launched in Zimbabwe 
1950,s. Both programs have been very lonr term in nat irm, id have 

()tMmriso, vry little reyielded substantial returns (Eicher, 198 ). 

search was conducted on the major food 5t::el] s, during, th:t per iod
 

(Collinson, 1983).
 

It is also worth notinC thatiiost of the colonial ,s.ort crop re

search programs rolied .evil]y *,n h. transfeor of materia]s from other de

of the world, - ,II i:n developed countries. For examveloping regions 
ple, plant breeding materi]. wet'. su.-(.v Niy tr tisf'rrecl from Asia for 

oil palm, USA for cotton, and rMh A 'i;a P' ' Me,. Unfortunately, 

as we shall see later, tis 2. wit ' '.,,y IraUxfer has not been 

research. t mn t-o to strss,'ad that thererepeated in food crop 
ntu ioc. I'esrch and adaptation of 	theexisted substantial investment 

imported technology duri - thv colonial period. 

pilish (1984) haveAs Judd, Boyce and Evaon ( IQ Aa rai, nd 
a,inv,-tod mcn ]a' in asricultural reshown, SSA ;ountries, in Genar 

search as a percentage of total ',',ciAtrl produAtion thcn did other de

veloping countries and the deveoead .,ar]d. [us, ailthuh there was sub

stantial investment in export crop rv:;,mch kwjnq, the colonial era, the 

quantum of research was probably insufi'al nt otoCu'rant.' ]Og run profit

ability of crop production. 

The post independence pe"iod. The post id'2pendnoe period has been 

marked by a large increase in ,obic sector res,',i Iexie nditures. Judd, 

Boyce and Evenson (H983), osti rated that agr''culti-al r.-search expendi

tures in 1980 constant US dolla's, incIezd from about Z57 millien in 

in 1930 in East aod West Africa, while manpower in1959 to 3280 million 
creased from 1636 scientist sar-ye a to , 100. As a percentage of the 

fro aboutvalue of agr'icultural output, public 	 sector exoendit-ure rose 
to 0.811 in East Africa0.37% to about 1. On in West Attica and U..'19< 

over the same period. 

have notCornendable as those incr',nos aro, the evidence is that they 
In this paper the proproduced commensurate increaw ' in reso"rch output. 


ductivity of post-colonial n!vjcultura research in SSA is operational dif

nat ional ' 	 and second, in termsficulties encountered by rin irin systems; 


of an evaluation of the stock of tcchnologi os that have teen produced.
 

Operational difficulties of nationpl rsearchsy corirs . To function effec

tively, an agricultural research system needs tr,in d peroonnel and funds
 

for fixed expenditures (e.g. building of laboratories, purchase of equip

as well as operating funds (e.g. purchase fel, fertilizers
ment, etc.) 
and chemicals, payment of laborers, etc.). 

a substantial in-It has already been pointed out that 	 ther: has been 
2SA. The statistics on the numcrease in agricultural research .or,:r's in 


ber of scientist man-years, of course, says nothing about the level of
 
In many national researchqualifications or competence of the researchers. 


institutions, a substantial 
 number of researchers are people with B.S. 

level qualifications iho, at best, can only be expected to perform routine 
areexperiments and analysis. Little wonder that so many trials in SSA 

lost their meaning. Itrepeated year after year, long after 	they have 
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Although the above description referred spcifically to the Sahel, it 

the stuation in many SSA countries.accurately describes 

Evaluation of new technological ootionr. IIn this .section some of the cur

rent stock of technolugi, 11 intervnntions in four -treas (land and water 
fert ility manngement and crop improvement)management, mechnization, soil 

the point of view of their approprintness for small farmare examined from 
development. 

Land and water mangement. Thc objectives of improved land and water' 
the soil base over the long-term whilemanagement methods are to protect 

at the same time providing an imme-diate boont to yields. lesearch on the 

humid zooes has shown that tho procass of soil decyranAt~on under high rain

fall conditions usually begins with in pprerrate partially mechanized 

clearing methods, subsequently xacurbat(-.d by i sufficient soil cover. Im

proved systems, buildi g on tradit ila farncln, practices, are being devel
(IITA). Theseoped by the international Institute' u Tropical Agriculture 


involve light clearinj, in-situ burning, and intensive use of surface
 
and minimum or zero tillage. Howmulch in combination with herbicidts 


under small rmer's' manarement and fit into their
these packages perforn 
in on-farm testing. Moresystems, however, is only now bueinq jtrired 


over, the developmeL,t of ecc n.)miz c ,:jl *wII-eel contr'l methods and small
 
Jmmediate researchscale equipment for u;e in low tilla.,e sy:tems pose 

problems (ter Kuile, 983). 

Within the semi-a-id zones, a set of' interventions is being examined 

including mulching, contour bunding, and various watershed based management 

tied ridjes have beon shown to dr'amaticaliy reduce runsystems. Although 
trials i,. both East and West Africaoff and increase yields in on-sattum 


s i lator costs and yield
(Ruthenbere. 1980; ICRISAT, 1981), gaps
 

observed under farmers' conditions throw doubt on the extensive use of
 
"or crop re,,si~ues as livestock
this aroproach. Due to increasing demands 

extensive use of mulches in sorghum andfeed, fuel etc., the potential for 

millet production is probably equally limited.
 

On the other hand farmers' tests condu ted in Burkina Faso over 

several years have found very significant short-term yieid increases from 
dikes constructed on the contours ofthe introduction of dirt anti-erosion 

(ICRISAT, 1983;. :i rock-based water harvestingSml scalefarmers' fields 

systems have also been shown to be attractive to farmers as a moans of
 

reclaiming highly eroded fields in high population pressure regions of 

Burkina Faso.
 

Improved equipment (internal combustion, animal orMechanization. 
an important contribution to agriculturalhuman powered) have not yet made 

a limited number of cash-cropping areas in the semiprodction except in 
arid tropics of Africa. Within the h.u.d-tropics, tsetse fly infestation 

of animal based systems. Mechanization schemesprohibits the development 
based on the use of tractors (two- or four-wheeled) have met with limited 

in the humid tropics due to high capital costs relative to the success 

capital resources and scale of operation of farmers. This is also at

lack of know-how in equipment use and maintenance. Worktributed to the 
on ight mnual powered equipmentin the humid tropics is now concentrating 

for use in minimum tillage and alley cropping systems (ter Kuile, 1983).
 

IThis section is based on Mlatlon and Spercer (1984). 
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often takes a team of outside consultants to suggest new areas of research
 

There is much need to raise the level of qualifica

tions of the researchers in many national progras. 
for such programs. 

tendency to staff national research systems with unqualifiedThe 
-

people is sometimes encouraged by donor agencie, insisting on having and 

training counterparts in externally funded short-term research projects. 

Counterparts with B.S. level qualifications work with expatriate Ph. D. 

are left on their own and exresearchers for one to three years, then 

and modify the new research programs as necessary. Ispected to carry on 

it surpessing that it usually requi'an entirW y new project prepara

lines a, research.tion mission, years later, to suggest new 

Marc importantly however, than the quality of staff, is the lack of 

sufficient operational funds and the abundance of pour flancial and re

search management. The situation has recently b,_.,ndescribed as follws: 

and training
"The effectiveness of research, exteae::n 

is imp3ired by the lack of operating resources 

needed to function as they should. Yt, all too frequently, 

governments continue to xprnd program:;, hiring, more 

institutions 

personnel instead of providing necessary resources to those 

already on the payr'l. Poor performance and effectiveness, 

thus, go beyond the simrle lack of roseurces. They arise 

from poor development administration and financial manage

ment. Poor pcrsonnel management and work discipline, lack 

of performance incentivs and profuss jal advancement, and 
discourageinadequate operating funds to do i good job; all 

highly motivated researchcrs, trai-ee and extension agents. 

The resulting high staff turnoev disrupts research programs 

and institution buildin, rfrorts so nece-ssary for creating 

effective indigenous nioi. l '',ruh and extension 

systems. Until these problems r addressed, zonal research 

will not acieve th-ir full potential.and networking programs 

Untimely budgetary alocations frequently disrupt pro

duction campaigns, agricultural exceriments and data collec

tion activities throughout the SaheW. Experiments sometirtes 

through the season:, crmust be abandoned or curtailed half-way 

Pre not property tended to hicause of a lack of gasoline, 

vehicles or other resources, or because of the inability to 

control impleamcnting staff, part]y these problems arise from 

over which rescarch and
unpredictable hud -tini exercises 


extension institutions have little control. 
 Partly they
 

arise from lega] strctur"s that 	severely constrain the 

and allocate resources putinstitutions' abi!ty co owntrou 


Partly Wo'y srive from poor internal
at their dispoal. 


plannin, and management of rezources in the face of wnat is
 

obviously a hikly unstable and unreliable resource situation.
 

Unless the.e kinds of institutionaL constraints are
 

appropriately indcntified, analyzed and resolved, we risk
 

ten years making little progress toward
soending arothrr 

increasing agricultural production..." (LeBeau et al., 1984,
 

pp.5-6)
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Whether these tools are economical under farmers' conditions has yet to be
 

demonstrated.
 

Despite efforts to introduce animal traction in the semi-arid tropics 

dating to the early 1900's, the current use of animal traction systems is 

limited to less than 15% of cultivated area. The potential yield and labor 

savings benefits of animal powered cultivation practices, repeatedly mea

sured under experiment station conditions (Sargeant et al, 1981), have 

rarely been ccnfirmed under farmers' management. 

A set of common institutional and technical constraints, acting both 

on the demand and supply sides of animal traction systems, have limited 

the attainment of the potential benefits. On the supply side, poorly de

veloped extension and support systems result in the lack of medium-term 

credit for equipment and animals, as well as inadequate training, veteri

nary, and equipment maintenince systems. Moreover, there is an absence of 
inputs and products.1channels for complementaryassured 

Several limiting factors are present on the demand side. First, due 

to the limited range of mechanized operations, power constraints are often 

simply shifted between operations resulting in a cross under-utilization 

of animals and little area expansion. Second, except for the Guinean 

zones where the rainy season is longer, there is a conflict between the 

time needed for plowing after the onset of rains and the need to plant on 

time in order to make use of early rains. This limits the area that can 

be plowed, and reduces the time animals can be used for custom work for 

other farmers lJaegar, 1984). Similarly, due t,,, the rapid drying and 

hardening of soils following the rains, farmers facL a conflict between 

harvest and end-of-season plowing, which meaus that crop residues are al

most never completely incorporated. Finally, numerous studies suggest 

that at least six to eight years are requrod to achieve full economic 

benefits, causing net incremcntal ben, Iits to he n gative during the early 

years of adoption.
 

Soil fertility improvenent. bspite the eneraliy poor chemical 

status of most African soils and its rapid depletion under continuous cul

tivation, the consumption of' clhemical Vertilizers is very low in SSA. 

This is due, in part, to time absence of weln developed petro-chemica] 

industries in most African states so that fertilizer use entails substan

tial foreign exchange costs, exacerbatee by high transport costs to and 

within landlocked countries. Furthermore, technical response rates are low 

and highly variable, particularly en local. varieties, of' rainfed food crops 

and in tie more arid areas, resoutin. in mcue is nr' negative economic 

returns (1DC, 1976; ICHISAT, 1993). Finally, complementary applications 

of large quantities of'organic 'ii tier" ire required to achieve and maintain 

the potential rnsponse to chemi:l ,,rti i:',rs over lth long run (Pichot 
et al., 1951). 

For' all o! these reasons, greiar lasi. and applied research needs to 

!In part, thse factors help Pxpii n tih' successful extension of animal 
traction systems in th, Sine-Saloum Ara in Senegal, in southern Mali 

and in southwestern Burkina Faso, whae vertically integrated cash crop 

marketing organizations have actively promoted adoption through compre
hensive support ()ton, . 
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using locally aval 1abie sources of chemicalbe directed to' developing and 
of soilfertilizers, such.'s' rock ph'sphte, as well as organic sources 


nutrients. A particularly pymising area is a more efficient integration
 
relay crcpping of leguminous fodderof crops and livestock. The '.nter or 


crops with food or cash crops'holds some promise. For the longer term,
 
nitrogen fixation by non-leguminous crops and blue-green algae may. also
 

become feasible. 'Finally, the integration of tree and crop production
 
source of' .may hold future potential,*not only to provide windbreaks and a 

organic matter, but also as a means of recovering nutrients from soil 

depths below crop rooting zones. 

ad Crop i eent. With few exceptions (e.g. hybrid maize in Zimbabwe 

and Kenya) major programs for the genetic improvement of food staples are 

relatively< recent and have-had -little success._ Despite-.frequently .promis

ing on-stations results, yield gaps of up to 60% are consistently observed , 

when most new varieties are cultivated by farmers (ICRISAT, 1980/83).
 

Unacceptable taste, as well as.processing and storage problems, are also
 

c6mmonly encountered. As a result, probably less than 2% of total sorghum,
 

milletand upland rice area in West Africa is sown to cultivars developed
 

through modern genetic research.
 

Experience suggests that this poor record is due to a complex set of
 

This includes excessive emphasis given to the development of
factors. 

high-yielding but Input-dependent crop varieties in view of the regions'
 

soils, if.'al of infrastructural development, and limited farm-level
 

New materials have also been developed and selected exclusively
capital. 

under research station conditions, which are generally a typical of pre

vailing farmers' conditions. The situation is often made worse by the
 

lack of early, systematic, and criLical feed-back from farmers to breeders
 

(Matlont 1983).
 

Reasons for failure to produce appropriate new technologies. From
 

the above review we can concludethat the current set of new production
 
In
technologies responds inadequately to the continent's evolving needs. 


areas'of lowe6t population pressure in the semi-arid tropics, marginally
 
of culprofitable animal powered mechanized systems permit some expansion 


tivated area. But methods by which these systems can evolve to more in-

Improved
tensive, ecologically sustainable systems are generally lacking. 


labor augmenting mechanized systems are even less well developed in the
 

humid tropics.
 

Research to develop yield increasing, land-augmenting technologies has
 
Conreceived increasing emphasis recently but gains have been modest. 


trasted with often impressive on-station yields, new technologies usually
 

perform poorly under farmers conditions and demand a level of management
 

small farmers are usually unable to provide.
 

First of all,
These failures stem to a large extent from two causes. 


there is an inadequate understanding of small farmer goals and resource 

limitations. Research objectives are therefore often very different from 

those of the potential clientele, the small farmer. One glaring example 

is the case of intercQpp.ng. Numerous studies have shown that except for 

areas in East and Southern Africa, intercropping is vastly 
more 

some small 

impcr.ant than'sole,crop systems, occupying over .90% of cropped.area in
 

Although there was someiwork done in the 1930's,(Belshaw,
most countries. 

1979), it was not until very recently that there was any serious 

research
 

http:intercQpp.ng
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on intercropping in SSA
1. It 4as not until the 1970's over 50 years after
 

research started in SSA, that intercropping started to receive
agricultural 
any attention. Even today, less that 20% of all agronomic research in SSA 

addresses the issue of intercropping,.a level of emphasis for below what 

is required. Yet, what little research has been done shows that inter

cropping is often much moro efficient than sole cropping, even from 
the
 

agronomic point of view, not to mention its other advantages to small.i
 

scale farmers, for example, risk reduction.
 

The second major cause of the failure of research systems in SSA to
 

develop a large enough stock of appropriate technology for farmers is, in
 

my opinion, the over reliance on the "diffusion" or ",technology transfer"
 

model of development. Following the successes with the direct transfer of
 

export crop plant materials from other developing and some developed
 

countries intoSSA during the colonial period, and the green revolution
 

uccesswiththe"spread-ofwheat -and,,rice varieties developed-by-the-Inter............. 

national Maize Improvement Centre (CIMMYT).and the International Rice Re

search Institute .(IRRI) in Latin America'and Asia, the technology transfer
 
in SSA. Not ,only was themodel of agricultural research took firm root 

model adopted by national research systems, which probably had few alter

natives since shortage of staff and funds prevented them from doing more 

fundamental research, but regional and.international research centers 
also
 

Thus the West Africa Rice Development
adopted it as a modus operandi .
 

Association (WARDA) was founded to conduct rice research, development 
and
 

training activities in West Africa on the principle that all it needed to
 

terms of varietal research was to import varieties from other parts
do in 

of the world, test them for adaptability and select the suitable ones
 

(Lewis, et. al, 1982). ICRISAT's African program at first relied very
 

heavily on material transfer from Asia, with scientific staff placed 
in
 

*
3ne-man or two-man teams in national programs (CGIAR, 1971).
 

Unfortunately, because the rate of demographic change is higher 
and
 

the physical conditions which determine technical potential are often 
more
 

difficult in SSA compared to other continents, the extent to which techni

cal solutions developed elsewhere can be imported into Africa is quite
 

limited. There has therefore been a lack of success to date in the direct
 

introduction of exotic high yielding cultivars, except for 
irrigated rice
 

For example,
where the environment can be modified'to suit the crop. 


ICRISAT has had little success,in introdroducing Indian sorghum 
and millet
 

And after 10 years of variety
varieties to West Africa (Matlon, 1983). 


trials in which over 2000 varieties were imported for trials 
in the man

gove swamps of West Africa, WARDA found only two varieties that perform
 

as well as the best local varieties (WARDA, 1984).
 

The lessons seem to have been learned by the international 
and re-


IThree researchers played an important role in regenerating interest in
 

David Norman's farm surveys in Northern
intercropping research in SSA. 


Nigeria in the 1960's demonstrated the importance of the 
system (Norman
 

1984), while agronomic research also in Nigeria, by Bede Okigbo and
 

D.J. Andrews, gave professional prominence to intercropping 
research
 

(Andrews, 1972, 1974; Okigbo and Greenland, 1977).
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1 national programs are concentrating 	 on the develgional centers and some 

opment of local materials, to the extent that their res,5rces permit.
 

ELEMEIIT3 OF AN APPPOPSI., TFC!;NUL(XJ ICAL I0' 'ACiI 
',DRATEGY IFCIil SS"A 

st.u'ies Ii]ewherc I haveImplications of agicultrural devlopm,''t 
provided a detailed review of various avriculturl ',ve-pcpr ent odent 

1980) with regard to their i-.evarce ithin the contemporary(Ruttan, 
context and their implications fr i moderni agriculturail research strategy 

(Spencer, 1984).
 

We can sumnarize the main implicit LO ::, ']all 
will only result from(1)Meaningful agricultural dev'lpm nt in 

cLh appropriatetechnological and institutionai izniavtior, wh nre 
lhi: ,. forto the continents' resource eridw,'.:0 

to provide us with a thorouih urderalt ud lg o the natural re

and soc o-conomic ccro;tr:rints facingsource, institutional 

agriculture in SSA.
 

(2) There is still great potenti:il, particu-i.rly -,n semi-arid zones, 

to 	increase agricult ural productivi ty by corservation of natural 
Thtro is thus a resources, especial; land :and water resources. 


need for researcti to develop soil conservation, irrigation and
 

reforestation technologies.
 
of the

(3) 	 Because of the high r.,pulation growth rates, poor quality 

relatiely abundant land resource, er'phasis should be on a 

develoonent strategy and resear'ch that cncentrate-,s on small 

scale f irming. 
(4) Althougn attention shou d I':ivea; to increased export crop pro

a largeduic.tion, pucticul:irly ahpre there is clear evidence of 

comparat ve advantare, :,amDi emphasis should be on food crop 

production and research. 

Research with a farmirg sytcrs pcrspective. It has already been pointed 

out that one of the basic fa i ,,ricultural research in SSA in the 

has been tiat it i nt taken sufficiently into account 
past three decades 


of'" I scale farners who form the
the 	resource and other cons' int 
agricultural reclientele for, tMe research. To 0 om, this rcoblem, 


search must be conducted with a farn'ing systeos pe'spective.
 

the 	 farm in a holisticFarming systems rese:trch is research that views 
its 	major

manner and considers intcract*ons in tiho system (CGIANi, 1978). 


objective is to increase the productiity of f'arming systems by generating
 
on-farm researchappropriate new technology. It includes location specific 

which has a short-run objective of eveloping improved technologies for 
research which has a longer

target groups of farners and exper-.nent station 
aiming at major in systemsterm perspective overcomi.nI limitations farming 

1983; Gilbert, Norman and Winch, 1980).
(Byerlee, arrington and Winkelman 

oneIFor example ICRISAT has reor.anized its SSA research program into re

gional center in Niamey, Nliier, three sub-regional teams in Zimbabwe, 

Burkina Faso/Mali, and rialawi and one bilateral 	program in Mali (ICRISAT, 
do more
1984) and WAPDA has established special research projects to 


fundamental research (WARDA, 1984).
 

http:overcomi.nI
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It should be stressed thaL on-station research should be regarded as 

an integral part of research with a farming systems perspestiveJ At that 

stage new technological components are developed and screened (e.g. vari

eties, herbicides, etc) and parts of', or even whole new cropping systems, 

are tested at thu- pilot scale. 

Of course, the major contributior of the current emphasis on farming 

systems research is the higlighting of the role of on-farm research and 

the delimitation of homogenou ta'get groups of small scale farmers in 

ihat are called "recommwiendation domains." UnFortutiatolv, most of the 

literature, emphasizes the crucial role of on-farm research and, therefore 

gives the impression that _-uch research can stand on its o.-M and that 

experiment station research only has at best, a rather unimportant role 
2
 

to play.
 

During the .p:tfive years, a large number of' farming systems research 

teams have been set up all over Africa with financial and techaical assis

tance from external donors. National research programs are also being 

urged and assisted to l-unch large farming- systems research, ini other words

on-farm research efforts3 Givcn the lack of adequate recognition of small 

farmers' eoristraint r1<' effort will the attentionin fAst, thiz bring to 

of researchers and ao' icy mia ers alike the true problems faced by farmers. 

It will a3.so hi ,t the -ict that we have no ready solutions to many 

problems, in tlhit lhre is ]hritd technoloty on the shelf ready to be modi

fied to suitL frr',' eeis at there is a raw-v danrer that we might not 

be able to move L,::yoId that point if 'quia noel asic i:anot put on necessary 

experiment tati oi rerh, il-vina lef givn " bad nam. in the past many 

research s:toatior:.3 nw rxln Vt,- i-ivve ri::1 loi- :tarv,-d of' necessary 

funding and stafli1,1 

Characteristic.- r,; t.-h oo.i n ,t . i n (der to increase 

agricultural p.e'oduct-vel yn 22, ,. aol- , ch1emi cal and mechanical 

technologie:; are n,,ed.d1t atllow for nt,.!i. 'icitJ.on of agriculture. In 
oi witr conset:rd developed.addition, new n .te 1rn t,-.hniques must be 

Diological technolo, t L . It, t, I,--il conditions is needed. 

There re now iery clear indicatins that t-i '- ro limits to the wide 

adaptability of crop varieties displayed originally by sui-ar cane, wheat 

and rice in L:iti.n America and Asia. Var ,_ are terotfore needed which 

are adnpt-thin to"recommendatim dXa ci " " i i.itd spread. 

Given the j ted 'al resoun0 n.' sMa1 sce!,, farmers theI ;i c4 (X 
input distribtitic_ )'1h] in 22A ' varietiesemss T-any c'untrios, -co: mended 

should be highlJy rs' p,, I v to Ion levels " inpoI sh as fertilizers. 

nieded po!rf'orm !Lhtly better than farm

ers traditi.,:nal varieties une r traiitiui 1 evels of' :iana,-ement, but yield 

substantially !tone uder i.ichtiy ier,. inm:nag.mert c. .. Variety D in 

Figure i). Too mny imrovel o'iti,(re li'2 Variety C in Figure 1. 

Varieties are that as wet Ir - 1ve

1R eferred to as "upstream reserch" y (Si bert, Norman and Winch, 1980. 

by r, ihilip (1981) 

gives an otherwise excellent treatise on hi-,methods and modalities of 

on-farm resoarcn. 
3 See for example the large US funded Senegalene program with ISHA and the 

planned 'Ialian program. 

2 See for example the manual han 10 nd Schmehl which 
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They require levels of management that are 	greatly above farmers'existing
 

before they express their superior potential.capabilities 

Several corrective prescriptions can be suggested. In the semi-arid 

moderate yield increases and a substantially greater
tropics, for example 

for improved seedling vigor,stability could be achieved through breeding 
most common pests and diseases.

drought resistance, and resistance to the 

The development of varieties with different agronomic characteristics, 

as shorter crop cyc] or modified plant structure, could also increase
such 

options for example in intercropping or permitting late
farmers' management 

et al., 1981).planting without yield loss (Stoop 

With regards to new chemical technolog,, material inputs such as fer

should be derived as much as possible f ,err local sources in order
tilizers 

costs. This cal l fOr' substantial research ef
to reduce transportation 


processes that would make the production
forts on new plnt design and 

phosphate economical.
of phosphate Y, ;ilizers from domestic rock 

at weeding time in many SSA countries and
Given the labor bottleneck 

in many farming systems,
the demonstrated yield reducing eff cts of' weeds 

there is a no-d for cheap, effective and easily applied herbicides. 

With regards to mechanical technology, we know that, although SSA cal 
be defined as having a lana surplus, capital caznnot substantially substi

available processinr machines cannot economicallytute for labor. Hiost 


replace hand labor (Timmer, 1973; 5yerlee, Eicher, Liedholm and Spencer
 

1983). Furth ,mo'-, as indicated earlier, there has been limited success
 

with animal L:action or mechanized land cultivation. Yet, labor produ:
than in much of isiaquite low, being generally lower'tivity in SSA is 

are often severe labor bottlenecks.
(Mellor and Johnston, 1986) and thnr' 

a need for research an apropriate mohanization tech-
There is therefore 

nology.
 

we need mechanical tech-

As is the case with biologic] t,L'c.h, oy, 

that is within the frmer's ': . operative ownership and manage
nology 

in SSA. Neither have govern
ment of agricultural machinery has not wopked 

open avenue is 
tractor hire schemes. It spv: V mo that. 	 tbh only 

tools and equipment.
ment 
research on the improvement of far r:,xi:ting 	 A 

as existing weeders 
hand weeder that allows a farmer to w- e twice :s fast 


a big impct en labor .1rodr tivity. The animal yoke newly de
would have 

Africa (ILCA) which allows 
signed by the International LivestockI Center for 


be pulled by one instead of two oxen is
 
the traditional Ethiopian plow to 

impact on agricultura1 prodict ivity in the 	Ethiopian
likely to have more 

last 30 years.
than all the mechaniziation ,','rch over the 


These efforts concentrated 

highlands 

on replacing traditional cultivation methods 

than on improving the existing methods.
with mechanized methods rather 

for research on improvement of farmers' hand tools 
''h--, is much riced 

type of r search might be. For example,
and equilmont, ungJamroy:- as that 

in tne humid zones, notis needed for' minimum tillage 1hand held equipment 
in developed countries. 

down models of equipment used
scaled 

inappropriateness of this scaling down
iPerhaps a good example of the 

series of equipment
approach to machinery development is the recent 

for zero tillage in the humid tropics. To use the equipment
developed 

on small farms. The equipment
requires land clearing techniques not found 

as small farm
thus only be used by large farmers, yet it 	 is billed can 


equipment.
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The characteristics of desirable technology spelled out 
above implies
 

gives major emphasis to in situ development of 
a research strategy which 
new plant materials, local sources of chemical and-biol-ogical 

fertilizers 

and improved hand tools and animal traction. These should be combined 

could be adapted in stages byinto simple technological packages which 
their incomes. 

small scale farmers and which would substantially increase 

As pointed out earlier,
Soil, water and forest conservation research. 
 through which many
soil, water and forest conservation provide avenues 

in SSA. Research is needed on improvedcanproductivity gains be achieved 

conservation practices which could be profitably 
adopted by small farmers.
 

should be given to research
In semi-arid zones, immediate attention 

of existing large scale irrigationaimed at improving the management 
Soils research is also needed to develop economical 

ways of
 
schemes. 
 water infiltra
maintaining or increasing soil fertility and of increasing 

In this regard, research in
 
tion and reducing run-off in semi-arid areas. 


developing economical crop rotations including tree 
crops, leguminous
 

and mixed farming should be given high priority.
species 


the general heading of conservation research, I include re-
Under 

Th- forest cover is being lost at alarming rates in both the
 forestation. 

arid zones whcre desertification is increasing and 

in humid zones where
 

In my opinion, there is not much
 climatic changes might be oc( ,rring. 

by substitution with other fuels 

hope of reducing firewood demand either 
be to increase fuel 

or by police actions or taxation. Efforts must made 


wood supplies while maintaining the forest cover.
 

As is the case of other areas, ref.'Lcstation programs 
in the past have
 

imported tree species and techniques, which have
 relied too heavily on 
 Re
rendered projects hopelessly uneconomic (Taylor and Somare, 1983). 


the
 
search is necacd on improvement of traditional forest species, on 


Identification ol fast growi'.g trees for humid areas, and treeo cupable of
 
Research into the
 

being established unukr hm'sh semi-arid conditons. 


incorporation of trees inco crop as well as animal 
production systems
 

should be given high priority.
 

Livestock are an important part of farming systems,
Livestock research. 

zones where cop production interfaces with 

particularly in semi-arid 
to be given to livestock produc

rangelands. Consequently attention needs 

tion, particularly to control of livestock diseases.
 

we no~e that livestock re-
From the rcsear- . point of view, should 

priods was mainly jeterinary research. 
search in SSA during colonial 


together with recent aock by international crganizations like the
 
This, 
International Laboratory for Reseorch into Animal 

Diseases (ILRAD), has
 

of the important diseases,
produced economical control meac,!res for most 

The availatle literature on
 
the major exception being trypanasolfiasis. 
 lack of reliable 
livestock production and productivityl shows that the 

ctor on animal production.
.-.
feed supply is probably the most limitinF 

;d.

It is probable that possibilities are li....' 


ISee Eicher and Baker (1982), Chapter VI, for a review of social science
 

research in this area.
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CONCLUSIONS
 

By its dismal performance in the post independence period, agriculture 

has contributed greatly to the poor economic performance of sub-saharan
 
intercountries. Agricultural research systems, domestic as well as 


produced a
national, must take a share of the blame since they have not 


large enough stock of technololical innovations capable of ensuring a large
 

and sus iirable growth in aggregate agriculturil output.
 

Researchers had an inadequate understanding of small farmer goals and 

resource limitations such that research objectives were often different
 

those of their potential clientele. There was also an over-reliancefrom 
on the techiology transfer model in which researchers attempted to intro

duce new technology from other developing and developed regions of 
the
 

world rather than working to imrrove on locally available plant materials
 

and farming systems.
 

To improve the situation and lay the groundwork for 	future agricul
in investmenttural growth and devcsopment there has to be an 	increase 

the direction of research.in agricultural research as wcll as a change in 

Major increases in agricultural productivity can only be expected from 

investment in agricultural research capacity needed to develop techno

logies appropriate to the regionsi natural and institutional environment.
 

only be brought about by wide-
Since agriculgural development can 


spread, yet gradual, increases in productivity by small farmers 
adopting
 

innovations appropriate to their proportions, research must concentrate
 

en developing technologies for them. Varieties are needed that are
 

of inputs suchadaptable to limited areas, and respond well to low doses 

inputs should be derived mainly from local as fertilizers. Material 

sources and mechanization research should concentrate on improving hand 

tools and animal traction. 

be put on soil, water and forest conservation,Majov emphasis should 

especially on research to develop economical crop rotations including 

tree crops, leguminou3 species and mixed farming. First priority should 
millet.

be given to f)od crop research, especially research on sorghum and 


research may he justified in some

Although an increase in export crop 

need not beinvestment in livestock research 

in livestock production can only be expected
countries, present levels of 

increased since much increase 

after substantial increases in crop productivity.
 

to be put on developing and increasing the
Major emphasis will need 

the- short to medium-term,
efficiency of national research systems. But in 


regional and international research centers must continue to play an
 

important role in agricultural research in SSA. Substantial external
 

will be required in the short to medium-term to 	ensure
donor assistance 

ade
that these centers, as well as national research systems, receive 

quate funding.
 

be of course be cast within a longer time-
Investment in research must 

a farming

frame (10-20 years) than has been common in the 	 past, cast within 

systers perspective and should include investment in human 
capital develop

ment.
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OF NEW SYSTEMS OF AGRICULTURALTUIE DEVELOPMENT AND EVALUATION 
AND MODEL RESULTS FROM BURKINA'FASOPRODUCTION: SOME FIELD 

FOR TIED RIDGES AND FERTILLATION 

J.H. SANDERS and M. ROTH 1 

One crucial aspect of'developing new technology is the combination 

of different component parts from the. experiment station for their tes

ting under farm' level conditions. For' farm level testing, it 'is neces

number of component parts to obtain 'a sufficiently large combined effect 
to be noticed by farmers. Then fro~i farm fields yield effects and' profit
ability .can be estimated. The final stage of the analysis is the fit of
 

This paper illustratesthe new technology into the whole farm context. 


the type 'of insights gained from the whole farm modeling, The technolo-
'gies studied are agronomic improvements, tied ridges and fertilization.
 

STAGES OF TECHNOLGY EVALUATION 
The basic research problem is to identifya new technology, which 

farmers could adopt. The conditional form of the Verb indicates that new
 
inputs may not beyavaialeresently or that changes in goernmental 

policy may be necessary but that the technology is technically and econo

mically feasible. Specifically, farm level tests of technology are 

evaluated with the following three criteria: 
(1)Does the'new technology yield' significantly more than farmers'
 

practices?
 
(2)Is it profitable?
 
(3) Does it fit into the farmers' production system?
 

The customary (1) s
method of analyzing i some form of analysis of variance
 

and this is the traditional tool of the agronomist and theifirst step in
 
However, farmers are not yield maximizers.
the evaluation procedure. 


Clearly, farmers need to make money from the new activities and the next 2 

some variation ofbudgeting activities to consider profitability.
step is 


Even if new technology increases yields and is profitable, it may not
 

fit into a farmer's production system. The seasonal labor requirements may
 

Ta high,and competing with other farmer activities. Itmaysquire very
 

large scale use of non-farm inputs such as credit. Hence, the e.uation
 

technique needs to consider all the farm activitiesaincluding the on-farm
 

and off-farm resource availabilities. The simplest approach to whole farm
 

lAssociate Professor and Graduate Research Assistanti Dqpartment of Agri

cultural Economics, Purdue University,W. Lafayette, Ir qiana.

2Farmers in developed and developing countries.have man other objectives
 

besides profits. Risk avoidance, subsistence objective s cialstanding
 

and various institutional constraints, undoubtedly enter
v into the farm

ers' decision making process. However, this evaluation'is a normative
 

analysis based upon the assumption that some of the farmers someof the
 

time, will be concerned with earning more money rather than an attempt to
 
the farers'adecision making process.
describe all the factors acting on 


Once thIe'diffusion process beginis, other farmers will follow. The sube

tive riskiness of adopting new practices will decrease as other farmer.s
 l
oee, hsevlaloi
er'dciinmaigprcs. to theirnraiEown.
observe innovators' experiences under conditions similar 


, 

i.
 

2 .\It '326 
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anlysis is linear program ing. This is the principal annlytical tool 

utilized here. It is not as data intensive as much econometric modeling. 

It responds to the fit, question (3) above. ,.'i.th modifications institu

tional constraints and different farmers' objectives besides profit maxi

mization can be added. 

In the division of effort, agronomists are principally coniourned with 

the accuracy of their data ano with verifying the quality of their experi

ments with the analysis of variance. The economists, after interacting 

with the agronomists in the identification of the constraints and the ex

perimental desirF, then follow through en(fl and (3, with the simple bud

geting and the modelino.1 Clearly, the interaction should continue through

out the process of lrentifyinS farm level constraints, designing experi

ments, and evaluation. 

CONSTRAI.TS, YIELODS ANO SIMPLI' BUDETINC: SOME )98A: RFSULTS 

Much confusion has boon introduced ir the agricultural economics 

literature by treating the constraints pi oblem as if there were only two 

factors of production, land and labor. Following this type of analysis 

seasonal labor shortages ore conventionally defined in some of the African 

literature as tho most pressing constraini and animal traction as an ap

propriate technological innovation. This is not terribly helpful in a 

semi-arid environment such as the Central (1ossi) Plateau of Burkina Faso 

where in many regions the increasing man-land Pressure has been causing a 

decre nse in the fallow periods. Hrence, cer.:l yields Ihve been falling 

and soil fertility deterioratirn7. 

A broader definition of the conr trint would rconstraiit identi

fication obvious from the oEraphic W-criptio.n ,!<h of"Hurkina Faso is 

semi-arid so the most pressin c t a'nr.it i!. w.Ju'er. Iamproved water conser
vation techniques have ti 'n devioped in ' y reg=inc of the world. Unfor

tunately, on the Massi Plateau when therc is water aviilable, soil fer

tility quickly becomes limiti ii. In the abonc. of w .ter, fertilizer 

utilization is iisky in se',i-arid rigions. 

The above is the simple agronomic rati' Je for the development and 

testing of systems of tied ridus combined with frtilizntion of" sorghum, 

the list three crop ;ewoons, 198V-1984. Differ

ent levels and types of fertiliz:tion and v 'iou' t irs fo.- establishing 

the tied ridges have ben tented in these farm trij:i. 

maize, and millet during 

and combined effects of moder.te frtiiization arid tiedThe individual 
trials of the 

for the trials on farmers'
ridges are i1ustrated in risults from the 1984 farm level 

FSU/SAFGRAD [rorram. in Table 1 the mean values 

fields indicate that yield increases were obtained faor either tied ridges 

or fertilization alone but that these2 yie.,d in:ress were daubled with 

the combination of tied ridges and ('erti li:ation. Similarly, in Fig. 1 

the data from two vill.gas with fertilis'ation alone or .ied ridzes alone 

1 one test of these assumptions about f'armer decision makinrg and the valid

ity of oulr evaluation is whether farmers adopt new technology passing 

these three evaluation criteria. A systematic analysis of the use of 

these criteria and the adoption of new technologies is reported by Sanders 

and Lynam (0983) from four years of' farm trials for field beans and 

cassova. 

http:moder.te
http:CONSTRAI.TS
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vilage:' with fertilizatiun and
 Table 1. 	Mean sor!Ilu yiids in four 


tied ridgcB, urkina, 1984.
 

Sorgaum yield 

Nedogo Bangasse Di ssankuy Diapangou
Treatment 


-k/ha h -.. 


186 293 447 433 
Control 

655
 
Tied ridges 446 456 588 


806
 
Ferti)!ization 441 616 681 

Tied ridges and fer
tilization 751 944 855 1106
 

Source: Ohm, agy and Pardy (1985). 

D = Witlout Fertijiz'at.iofl 

3400 100 kg/ha 14-23-15 plus 50 kg/ha Urea 

3000
 

-X 2600 

U 10 

2200
 

C)1800 

0 

1400
 

IO00
 
.ce
 

--	 00 

r 600 

"0---, 
00200
 

TR at TH 1 MonthTF 1 Month No TRNo TB 	 T, at 
Planting Later
Planting Later 

NedogoPoe~dogTo 


Fig. 1. Interaction effects of fertilization and tied ridging on grain 
The stanyield of sorl7hum grown at two villages in Burkina in 1984. 

dard errors of the difference between any two treatment means 
are, res

kg/ha fur Foedogo and Nedogo.
pective'y 	297 and 108 

Source: Ohm, et a!. (1985).
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deironstrates that substaintial yield increa'ses were obtained. In both 
villages, the largest g;ins f an apprcximate triplina of yields were ob
tained from the combination of tied rides and moderato fertilization. 

Even more dramatic res;aits for the combined efTetts of tied ridges 
and moderate fMrtiliz.atioin were reported in the researcher mnnaged trials 
of different fertilization levels with tied ridges in four villages in 
Burkina Faso (Table 21. Oily in Dissankuy was there a sii3nificant yield 
increase from tied ridges alone but those yields were tripled with the 
combination. 

Table 2. 	 Mean sorghum yields for different treatments in the Burkina 
vi] ages. 

Soghum yield 

Treatment 	 Nedogo Banpasse Dissankuy Diapangou 

-kg/ha 

0661 677aControl 135a 	 tOIOa 
Tied ridges 1461 29a 8445 708a 

1oo vg cotton fertili
zer (14- -1 812ed 1083bc 3156c 865ab 

Tied ridgcs,
 
200 I'g cott,*n cUtM-

M zer ( 14-- 15 00d 1472c 316'r lOOOb 

1t-eans followed by the rame letters are not <ignificnntly different at 
the 5% level. : ce: ,bm, .t a I. , ( 198 ) . 

Are these tchnolrhFi orofttble? Simple budgeting of costs and 

returns has been roperiteJ nisewhere (Jhm, et al., 1985; Ohm, Nagy, and 
Sawadog ,e 1985). To rummrrive, eboth fertilization and tied ridges alone 
were profialte in almost all case Profit levels were substantially 
incre'ased 	 with the cnmiinaticn -V thnuo ct ivit ies (Ohm, et al., 1985). 

The critil qustion in the evilu tion inawhether the technclogy 

fits into Mc farmcr' pra' ictic; syste;. profitability is not.:mpl 

by itself a zu'fi<-lent criterion. he' ma, hy ot ,'r constraints or even 
other measur'mnt tshtl-Lhve o b.; made t 'valuiLt the feasibility of 
the new tochno]ory. 

F1si upon van'ioua firm sur'veys represen tt. ive farm models utilioing 

linear proaraming viere constructed for the Central Plateau and the 

Fastern egicn WTitle 3). The objective function was profit maximization 
with a const'raint fr a r.mini.m maize production. 

Estimates W the yield effects of tied ridLes with moderate fertili
zation for sorthum alone on the type of land in which sorghum is typically 
cultivated, and for tied ridges alone for maize on compound land, were 
estirated hazed upon FSU/SAFGRAD data. Before the 1984 farm trials only 
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budgetingthese two 	activities were shown to be profitable usinimpl, 

analysis. In 1984 the FSI/SAFGRAD program ailso showed Frofitable results 

for millet with improved 3.rcnomy and o.ven futthr incea<ed yield advan

the two above new technologies.Itages for 

The research questions then for the madel Dyo: 

(I) whether the niw t-chnologies would be :vdh pto ,, ti e model farms, 

(2) what would be 	 their income effect, an.: 
constra Lts preventi ,'adodption?(3) what are the most pressing 

to t.ld ri"dO ,- pl 's fort i i 'er techoolc gy usudTable 3. 	 Yield respun:3eCe 
in the whole farm ,nilv is. 

ize SorumRegion 


h!/a kg/na 

:;()j I.; (O (W0)Central Plateau 	 High'iy maurod colmp ound 

High .uality vi]lage Sl: o) (90) 550 (50)
 

High luality permanently
 
cultivated bush soils 425 (90) 

Low qu lity ptr::nnt]y 
325 (100)cultivated bush soils 

t;nurad com'pound 
soils 700 (55) 

Hi s',[ uti9itI vililage soila 650 (75) 

High quality-fali Low d 

bush soils 520 (90) 

Low qual ity-fal] owc<d 
bush soils 420 (100) 

Eastern 	 Highly 

1Figures are yields achieved under donkey traction technology; yields for 

higher. Fir7ures in parentheses are oxen were estimated to be 1t percent 
traction alonethe percentage increase over yields esti ated for donkey 


(i.e., withoit tied ridi rgF or fertiniz-,t ion treatets). Source:
 

Rcth anrid Sanders (1985).
 

of many di fferent 	 ilter ntivos are summarized inExtensive comparisons 

Roth and Sanders (105). The basic information is in Thes 4-7 and Fig.
 

maXi Farminfar. on
plan both2. The tied ridges come into the arofit 

Lhe 'omocund land 	and on the land c,...tionally planted t- sorghum (Stoop,
 

very much 	 compared withet a1, 19M2J. They do increase ino;me, but ne't 

oxen traction due 	to the small area on each
the introduction of donkey and 


farm on which the 	new technology is used. 

The data were limited on the labor requirements for constructing the 

;ied ridges. A value of 100 man-hours/ha was utilize'd. Fig. 2 indicates 

are very sensitive to reduction of the labor requirements.that farm 	 profits 

IThese marginally profitable results were for millet fertilized with volta 

a three year period; hence, some residual effects of thephosphate 	 over' 
fairly insoluble rock phosphate were apparently obtained.
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Table 4. Effect of tied ridging technology plus animal traction on
 

area cultivated, production and net farm income estimates,
 

Central Plateau, Burkina.
 

Traditional
 
management Tied-ridging technology
 

Hand tillage With donkey With oxen
 

only traction traction
Variable 


Total area cultivated, ha 4.8 6.96 7.67
 

Maize: Traditional 
 .15
 

With tied ridges .20 .20
 

Red
 
Sorghum: Traditonal .60 .07
 

With tied ridges .53 .60
 

White
 
Sorghum: Traditional .80 .80 .65
 

With tied ridges .15
 

4.61
3.15 4.39
Millet 


Rice 	 .03 .03 .03
 

.07 .94 1.43
Peanuts 


37 49
Fertilizer used: Urea 


(kg/farm) Cotton fertilizer 73 98
 

Total cereals proJuction, kg
 

Per household 
 1987 2975 3381
 

Per resident 199 213 225
 

Total oilseeds production, kg 219 618 835
 

Net farm income (000 CFA):
 

Per household 
 131.8 189.8 229.3
 
32.8
26.4 29.2
Per worker 


No. of' workers per household 5.0 6.5 7.0 

100 hg cotton fertilizer per hectare; labor
 

time of 100 hours per hectare and yield estimates given in Table 10.
 
IBased on 50 kg urea and 


Source: Roth and Sanders (1985). 
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Table 5. 	Effect of tied ridging technology plus animal traction on 
area
 

cultivated, production and net farm income estimates, Eastern
 

Region, Burkina.
 

Traditional
 
management Tied ridging technology


hand tillage With donkey With oxen
 

Only traction tractionVariable 


Total area cultivated, ha 4.10 6.14 6.78
 

.02
.16 .16 


.14
 
Maize: Traditional 


With tied ridges 


.83
.77 .66 


With tied ridges 

Sordum :Traditional 


.43 .54
 

Sorghum/millet (75/25) .77 .77 	 .77
 

.77
.77 .61
Millet 


Millet/sorghum (75/25) 1.36 3.16 3.46
 

.05 .05 .05
Rice 


.20
.23 .29
Peanuts 


21.7 28.2Fertilizer used: Urea 
(kg/farm) Cotton fertilizer 	 43.3 56.5
 

Total cereals production, kg
 
3733
1961 3153 


Per resident 

Per household 


269 269 261
 

Total oilseeds production, kg 269 422 456
 

Net farm income (000 CFA):
 

Per, household 
 103.9 136.4 155.4
 
26.0
29.7 27.3
Per worker 


Mo. of workers per' household 3.5 5.0 6.0
 

urea and 100 kg cotton fertilizer per hectare; labor time

IBased on 50 kg 


of 100 hours per hectare and yield estimates given in Table 10. 
 Source:
 

Roth and Sanders, (1985).
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Table 6. Summary of various productivity measures estimated from sole
 

and combined impacts of animil traction, fertilization, and 

tied ridging technologies, Central Plateau, Burkina.
 

Traditional Tied ridges plus
 
I
 

Alternative power source technologies fertilization


Hand tillage 
Total area cultivated, ha 4.82 2 

Active workers/household 5.0 

Area cultivated/worker 0.96 

Income/household (000 CFA) 1W1.8
 

Income /he 27.5
 

Income/work tr 26.4
 

Donkey households 
Total area cultivate'd, ha 7.29 6.96 

.Lctive workers/household 6.5 6.5 
Area cultivated/worker 1.12 1.07 

Income/household (000 CFA) 178.4 189.8
 

Ine-/ha 24.4 27.3
 

Income/worker 27.5 29.2
 

Oxen households 
Total area cultivated, ha 8.13 7.67 

Active workers/household 7 7 
Area cultivated/worker i.16 1.10 

Income/household (000 CFA) 211.3 229.3
 

Income/ha 26.0 29.9
 

Income/worker 30.2 32.8
 

IThe unsubsidized price of fertilizer was utilized: 122 CFA/kg urea and
 

125 CFA/kg cotton fertilizer.
 
2 Since the tied ridging is a very labor' intensive operation, it was 

assumed that animal traction would be necessary to assist in the con

struction of the ridges. Source: Roth and Sanders, (1985). 
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Table 7. 	Summary of various productivity measures estimated from sole
 

and combined impacts of animal tracticn, fertilization, and
 

tied ridging technologies, Eastern negion, Burkina.
 

Traditional Tied ridges plus
1
 
technologies fertilization
 

Alternative power source 


Hand tillage
 
Total area cultivated, ha 4.10 2
 

Active workers/household 3.5
 

Area cultivated/worker 1.17
 

103.9
 

Income/ha 

Income/household (000 CFA) 


25.3
 

Income/worker 
 29.7
 

Donkey households
 

Total area cultivated, ha 6.39 6.14
 

Active workers/household 5.0 5.0
 

Area cultivated/worker 1.28 1.23
 

135.8 136.4
Income/household (000 CFA) 


Tncome/ha 
 21.3 22.2
 

Income/worker 
 27.2 27.3
 

Owen households
 
Total area cultivated, ha 7.10 6.78
 

Active workers/household 6.0 6.0
 

Area cultivated/worker 1.18 1.13
 

155.4
Income/household (000 CFA) 152.9 


Income/ha 
 21.5 22.9
 

Income/worker 25.5 26.0
 

122 CFA/kg urea and
IThe unsubsidized price of fertilizer was utilized: 


125 CFA/kg cotton fertilizer.
 
2
Since the tied ridging is a very labor intensive operation, it was
 

assumed tha, animal traction would be necessary to assist in the
 

construction of the ridges. Source: 
 Roth and Sanders, (1985).
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Central Region- Donkey
 

202 y2 yl = base yields
 

199 y2 = base yields + 10%
 

196
 

income 193 yl
 
('000)
 

Net farm 
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Donkey solution
 

178 without tied ridges
 
and fertilization
 

75 100 125 150 175
 

Additional labor spent making tied ridges
 

Eastern Region - Oxen
 

167 yl = base yields
y2
 

y2 = base yielas + 10%
 
164 


161
 
Net farm yl

income 158
 
('000)
 

155 "
 
(_000)_155 
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without tied ridges
152 

and fertilization
 

75 100 125 150 
 175
 

Additional labor spent making tied ridges
 

Fig. 2. Effect of various yields and lobor spent tying etdges on
 

Roth and Sanders (1985).
total net revenue of the farm. Source: 
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A further reduction in labor requirements would enable an expansion of the 
tombination of tied ridges-fertilization into the rest of the compound and 

sorghum land. Themodeling results indicated the sensitivity of farm 

income 'to this "labor requirement. Since then, the FSU/SAFGRAD project,' 
has improved these estimates with 55 to 75 man-hours/hanow estimated as 

necessary after a donkey or ox has donie the ridging. Presentlyj.in 
Burkina, 100 prototype animal drawn ridgers will be farn tested in the, 

4' 	comitg crop season. So the farm research is attempting to resolve this 

seasonal labor, constraipt. If the animal traction ridger can successfully 

further reduce the seasonal labor requirements of,doing the tied ridges, 

then ,the next.big gain would be. fromthe-extensi_ of,, thi tie ridge-.. 
fertilizaton technology into the millet area. . . 

' Given the present land use indicated by these representative farms, 

increased efforts need to be put into adapting the tied ridge-fertilization 
combination to the lower, quality millet land. In 1983 solubility problems 

with the volta phosphate were apparently responsible for the lack of eco

nomic response to the tied ridge-fertilization activities with millet. The 

1984,FSU/SAFGRAD report does show a profitable return to this combination 

of tied ridges and voltaphosphate on millet in the 1984 trials; however, 
absolute millet yields were still extremely low in the 1984 trials and a 

more efficient, low cost fertilizer source still remains to be identified. 

CONCLUSIONS
 

One important aspect of whole farm modeling is_ that it forces an iden

tification of the system interactions and helps identify constraints. In
 

this case the improved water retention makes higher fertilization less risky
 

but the introduction of the tied ridges is constrained by large labor re

quirements. Putting the three together will not be easy because farmers
 

tend to adopt things one at a time in a sequencing operation. However, the
 

large yield and irofit gains appear to result from the combined innovations.
 
Once thc combined technology is introduced, the next step will be introdu

ing new varieties of maize, sorghum, and millet into this improved agronomic 
environment. The most important point may be that with the irregular rain

fall and fragile and low fertility soils characterizing semi-arid Burkina,
 

agronomic innovations,. involving water retention and soil fertility improve

ments, may need to precede varietal development. For overall reviews of
 
agricultural technology developments in West Africa see Matlon, 1985;
 
Spencer, 1985; Matlon, 1983; Matlon and Spencer, 1984.
 

Tied ridges is a labor intensive technique, which needs to be per
formed at one of two peak seasonal labor demand periods either first weed

ing or planting. The animal traction ridger may increase the profitability
 

of animal traction as well as making this more intensive land use possible.
 
Improved tillage prior to planting is another alternative attaining some
 
of the'same objectives of better wator retention thus increasing the
 

probability of a profitable return to fertilization. Further modeling
 
could consider other variations of water conservation, soil fertiltty,
 
and animal traction.
 

There is an emerging consensus from researchers and some empirical
 

evidence here that the complementary effects of the combined technologies
 

are very large. Some farmers may adopt one at a time but low cost methods
 

to attain combinations seem to be a high return agronomi and economic
 
research activity.
 

http:Presentlyj.in
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and millet outweigh by far those of rice and wheat (compare Tables 1,.
 
2, and 3). However the recent phonomena of risingincomes combined with
 
increased imports of.wheat.and rice under foreign aid programs have
 
caused an increase in the proportion of'wheat and rice consumed (Table 4).
 

7.Foreign 	aid increased in response to the agricultural crisis that shook
 
.
Burkina Faso starting in the late sixties andearly seventies It is
 

generally believed that these relatively new products have reshaped
 
consumersO preferences. To what extentsuch a preference shift has octoot 	 knori
 
curred tOv.rd_- rice and wheat is not known. 

Table 1. 	Production, inports, and consumption of sorghum, millet,
 
and maize in Burkina Faso, 1978-81.1
 

Domestic Production 	 2 
;Agricul. 	 Imports Consump

1years Sorghum Millet Maize Total -(M) tion3 (C) m1 c 

-metric tons (X00) 	 %
 

3Consumption was computed as imports + production upon adjusting for
 

1978/79 635.0 377.9 107.7 1,120.6 11.6 988.4 1.2 
1979/80 635.2 377.7 99.5 1,130.4 20.4 981.2 2.1 
1980/81 546.9 350.7. 104.5 1,002.1 19.8 871.6 2.3 
1981/82 658.8 442.8 118.6 1,220.1 •12.2 1,049.4 3.6 

IThe data on domestic production and imports are taken from MDR-DEP 
(1983). 

: 
2combines sorghum-millet-maize.p 

seeds and waste for the latter. The usual 15% of wastes and seeds
 
was applied to total production.
 

Table 4 shows clearly an increase in the relative importance of wheat/
 

rice; however the paucity of the number of observations does not allow 
one to draw conclusions with great confidence. 

The assessment of these preference changes is however of great
 
importance for agricultural macro policy planning. Indeed the
 
knowledge of wi.o consumes what and how patterns of consumption are likely
 
to evolve are as of primary importance for commodity planning. In more
 
concrete term;;, the response of agricultural scientists to the food deficit
 
situation in Burkina has been to develop new technologies to increase pro
 
duction of sorghum and millet. What is the future of sorghum and millet in
 
the human diet? Are sorghum and millet likely to remain the preferred
 
cereals in the future?
 

Appropriate answers to these questionsagain require ;taking into
 
•,account the dualistic nature of consumption patterns in Burkina Faso,
 

i.e., urban vs rural. Extended time series data are required for
 

tracking the possible change in the structure of consumers' prefer
ences within each of the two sectors. Such data are however not 
available. To date, the only large scale household budget and consump
tion studies that encompassed both rural and urban areas were conducted 
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Tableau 2. 	 Doicstic procuction, imports, and cor sumpt .)n of rice in 
Bur"kin. Fa'o 1 11 

i t . Fore t otal 

Agricul. 	 Domestic. imports Aid 2o4suLptiorI AR+4 
years production' (A) (C) C A/C AAM 

" 
pr . rij t n 	 (x ICC) ..... 

1978/19 25,565 3,01 PKu 31,981 32.1 7.1 2,.1 
1979/80 30,499 21,15S 042 1,504 49.7 8.6 17.3 
1990/81 26,13 2 P32 3 525,33,5. 57.7 10.5 18.1 
19811 29,60 13 -,07' 8.911 	 .5? 37.6 23.6 

'Data on dormustc production, private imports, and foreign aid are taken 
from MDR-D P tutint - 'ubliction 1193).

2 Original d ware in t err o' paddy ri se. A rjictor o" conversion of 
0.65 has been apie-d to arrive at th, Awe Ild rice equivalent . 
private import' means Jports bp thI private sector Wh ch requires
 
Voreign excharga.
 
Ttal consumption Qs obtained as the sum o imported rice and domestic
 
production, after a corrction for seeds; and wa.ste. for the latter.
 
It is usually asumed that 15% of local production is accounted for
 
by seeds and wastes.
 

Table 3. 	Impcrts of wheat, Burkina Faco, 1)76-502 

Year 	 Imports
 

,netric tons
 

1976/77 	 15,500
 
1977/78 28,100
 
1978/79 23,100
 
1979/80 36,040
 
1980/81 	 50,391
 

ISource: 	 Morris (1982).
 

Table 4. 	Relative importance of sorghum-millet and rice-wheat in
 
consumption. 1
 

Ratio
 

Year wheat.-r'ice/millet-sorghum
 

1978/79 5.6
 
1979/80 8.9
 
1980/51 118
 

ISource: 	 Combining Tables 1-3. 
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in 1950-52 and 1963-64.1 Extensive research in consumer behavior 
regained attention -with the urban' consumer otudy which generated the 
data used in this paper, and with the on-going studies of the Interna 
tional Food Policy Research Institute (IFPRI) and the International Crop
 
Research Institute for the Semi-Arid Tropics (ICRISAT). 

The data for the consumption analysis of this study were collected 
over the period of September 1982 to August 1983. The objectives of the 
study are: . 
- (1)examine the patterns of consumption of the urban household, and
 

(2)evaluate the direction of.change of these patterns of consump
* tion over time.
 

The information generated, though referring only to the urban popu
lation, which accounts for a small proportion of total population, is 
useful for policy planners. The urban center is situated at a cross
roads between the domestic agricultural sector of which it constitutes 
an important market for locally produced millet and sorghum, 
and a foreign sector which supplies it with part of its rice needs and 
its entire wheat consumption requirements. A knowledge of urban con
sumption parameters therefore permits inferences on their demand for 
sorghum and millet, which directly affects the farmers' willingness to 
produce these crops above subsistence levels. The significance of this 
for the development of new technology for millet and sorghum is that for 
such technology to be adopted by the farmer it must be profitable, which 
implies that the product must be at least marketable. Were the estimated 
demand parameters to indicate some tendency to consume more rice and wheat 
products in the future, this would signify a greater dependence of the 
country on the foreign market, given the current situation. This would 
also imply a lesser likelihood of farmers to increase millet and sorghum
 
production above subsistence level through technological innovation.
 

The organization of the paper is as-follows. The theoreticalback
ground on which the expose draws is first presented. Then follows a
 
section on the methodology utilized, including a brief description of the
 
data employed. Finally, an analysis of the results follows, with emphasis
 
on their implications and 0he conclusions that can be drawn.
 

BRIEF THEORETICAL BACKGROUND
 

The following analysis takes the household as the unit of analysis,
 
as opposed to the individual consumer in traditional consumer theory.
 
The basic assumption of the analysis is that a household purchases goods
 
in optimal quantities, meaning that these quantities are generated from
 
the household's attempt to maximize its satisfaction of consuming such
 
goods, given its environmental conditions, its income and the prices of
 
the goods. This results in an allocation of the total budget among goods
 
such that the expenditure on each good is a function of its own pv'ice,
 
the prices of other goods, income and household characteristics including
 
size and consumption by age and sex, education, and social status.
 

The importance of such functions imbedding household preferences is
 
that they permit the prediction of a household's future behavior when
 

ISee MDR-DEP, 1983 for a tabular analysis of the results of these surveys.
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income. This ansiunes that the prefconfronted with changing prices and 
erence structure itself remains unchanged during the process. However 

exact n'tUre of the functionsuch predictions become feasible only if' the 

is known (i.e., the mathematical form ar.d the valu..s of the parameters 

such [ormil) which in theory is possible if ijehave alreadycharacterizing 
observed the household s patterns of purchasing when confro'nted with 

pl chased arevarying income and prices. Tihat is, data on loantit te 

needed either for the same househe do many p,''i ds . or ford(s) over, t ite 

different households at the sa,me poi t in time. 

The system of functions representii the household' preferences 
age bt it one consijdcra each goodbecomes quickly large and urnm: 

individually. For practiscal reasoiis there is a riced to scale down the 

problem by comhi.rning :oois into areaded categori.es. For instance the 
and nonfood;entire set of a household'sa;oods may be divided irto food 

food in turn may he ubdivided it, res meat, veetables, etc.into 
'Iu
The actual grouping dsi.& ii nro'p ii' i issues n a the data uvail

able and the objectivi. ,f It, si~ly. 

.: 1t P nuribe! of s;ubsets may stillaggregatin ods, 
at ernd. csumpt made in order 

Even by a th 
r'' inormonlybe too large f(r the data 

1 system is that budget. alloto empirically identify th ,ram en. of the 

cation is a sequenti 1roes whereby the huousehold first allocates 
broad ii-r is ., [ood and nonfood); the portionincome among very 


of income accruir to ,ach Croup is thien a llocated among rsods that
 
fur licr ri:fereice to g ioo's belonging therot in 

compose the group, without 
tor such a riut t u siu tirng to 	be ],eitimate, the 

group. In order' 

l'lst4 is inreftences
n'ib,Itto the ci'...t-orie. That is,household's 

atty, th- tride-of between iny two goods in
in generating ioussold,' 

a category t utility unchancied
;o as ,.tp iti independerit of rirginal 

l, n in i tht cateory. When thi' :ssumptior is
changes in goods not 

number of paramet r'sto eatimat " drt t lY reduced (seeinvoked, the 
and Goddard,Phlips, 197(; Johnson, ii -J 1re,.n, 194; and P rewal 


1985 for more d, ]vonmeri p t ty luent
, icn i si 11l adgetir') 

HI'bldOG Y tiF STUDtY 

re ., time aerie of cross-The data that arc usec In th 2 al 

sections generated by a survey aond'ctAed in OuagadouECAu f'rom September
 

hou.ehiod!s were! interviewed; tbc
1982 to August 1983. A total of 13 

data gathered included the weekly expendltures on chen of 63 products, 
a set of householdthe sources and amount of household 	 monthly income, and 

,;ie ind colpo:sitir:,n by age and sex;characteristics includ inc household 
groupformal education, occulpation, urbanri at in, relig:on, a.ind ethnic 


were complemented by
of the head of hu:;elold. the expend iture data 

price data generated throoih a market survey over the same period. For a 
1985.more thorough description oi' the rurvey procedure, see Sawadogo, 

in two ways to fac ilitate the a-ralysis. First,Data are ai)regatad 

weekly data are collapsed into 12 roritly observations'. Then the 63
 

into five food groups and one ncn-food
original products are combined 

group. The five food groups are:
 

(I) the traditional cereals, i.e., sorghum, illet, and maize; 

(2) the new type cereals, i.e., rice aDrd wheat. products; 

(3) meat; 
(4) vegetables and sauce products; and 

http:categori.es
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(5)other foods.
 

To allow for the comparison among different income categories, the
 

sample has been subdivided into three subsamples based on income. The 
first subsample is made of the lowest income people and is the first 

quartile of the income distribution (less than 30 ,000 CFA/month). The
 

second subsample represents the second and third quartiles (30,000 to
 

85,000 CFA/mnth). The third subsample represents the upper income 
households, i.e., the fourth quartile (above 85,000GCFA/month).
 

A preliminary analysisof the data was performed by computing, 

.if average expenditures and average expenditure shares, by income group and 

" for each commodity group (Tables 5 and 6). 

Table 5. Sample monthly average expenditures and prices, by income
 

- stratum. 

Category 


Total expenditure 

Food 

,Nonfood 

Traditional cereals 

(sorghum-millet-maize)
 
New-type cereals 

(wheat-rice)
 
Meat 

Vegetables 

Other food 


Prices 


Traditional cereals 

Price of new cereals 

Price of meat 

Price of other food 

Aggregate price of food 


Entire 

sample 


33,699 

21,700 

11,999 

3,011 


4,138 


3,874 

4,630 

6,057 


81 

142 

647 

446 

456 


Income stratum
 

Lower Medium Upper
 
income income income
 

,FCFA/month
 

23,258 35,389 42,483
 
17,309 22,538 25,217
 
5,949 12,851 17,266
 
2,915 3,772 1,821
 

3,483 4,459 1,821
 

2,728 3,551 5,1U
 

3,937 4,500 5,6,-9
 
4,246 6,256 7,743
 

FCFA/kg 

82 80 82
 
143 141 141
 

635 659 643
 
444 446 445
 
447 436 5002
 

On average upper income people spend more than lower income house-, 

holds (Table 5). With regard to food, the same observation is made...
 

The upper income stratum spends on average 25,000 CFA/month for food,
 

22,000 for the middle income, and 17,000 for the lowest incomestrata.
vs 

Also, the low and mid-income classes spend more on cereals than the upper
 

income class. In particular the average lower inrome household spends
 

2,915 CFA on sorghum, millet, and maize monthly,ctmpared to 3,772 for the
 

middle and 1,821 for the upper income households.' This pattern is
 

reversed regarding more expensive foods such as mea 
, and vegetables for
 

which the higher income families spend on average s"'gnificantly more than
 

the lower income households. The conclusion is tI'at there are indeed
 



344 APPROPRIATE TECHNOLOGIES 

differences in consumption patterns between upper income and lower income 
households. The latter tend to consume lmoreof the esseexpensive foods 
(cereals) while the former spend considerable amounts on more expensive
 
foods (meat and vegetables).
 

, These 6oncl'usions are corroborated by the results in Table 6 which 

contains the average shares of individual products out of the total. 
expenditure. For the entire sample, the average household allocates 
73 percent of its expenditure to food and 27 percent to nonfood. By 
income stratum, the share of food declines from 79 percent for the low 
income household to 72 percent and 68 percent for the mid and upper in
come households. The share of cereals decreases significantly from the*
 
low income (24%) to the mid income (21%) and high income households
 
(12%). One notes that the share of the new type cereals exceeds that
 
of' the'traditional cereals " for :all-income strata.---The-difference.,ppears 

•
 
more significant for the upper income households who spend on average
 
three percent of their income on sorghum, millet, and corn vs nine
 

.
percent on rice and wheat. 


Table 6. Monthly average expenditure shares 1 by income stratum.
 

Income Stratum
 

Entire Low Medium Upper
 
Category sample income income income
 

.68
Food .73 .79 .72 

.21 .32
Nonfood .27 .28 


Traditional cereals .08 .10 .09 .03
 
New cereals .12 .14t .12 .09
 

Meat .15 .13 .13 .18
 
Vegetables .18 .21 .17 .18
 

.21 .20
Other food .20 .21 


1
Computed by dividing the expenditure of the commodity by total
 

expenditure.
 

The two tables suggest that there ic some relationship between
 

consumption and income (total expenditure)I. It is the purpose of the
 
following section to investigate the nature of this relationship,
 

ANALYSIS OF RESULTS
 

"he Linear Expenditure System (LES) was used to estimate the income
 
,.n'.ice parameters. Estimates of the LES basic parameters that are
 

ISimilar tabular analysis has been performed using education and
 
household size as independent variables. In both cases no clearcut
 
correlation was evident between consumption and these variables. It
 
was then decided not to pursue further investigation and these two
 
variables.
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used to compute the marginal budget shares, the income and price elastic

. ities are found in Sawadogo, 1985.
 

Effect of income. Marginal budget shares, which refer to the portion of
 
additional income that is spent on a particular commodity, are shown
 
in Table 7. While the average budget shares shown inTable 5 represent
 
an actual situation (the household spends X percent of its income on
 
commodity Y), the marginal budget shares represent a tendency and hence
 
suggest what the future i3 likely to be. For example, while the average
 
budget shares indicate that the average household in the sample allocates
 
73 percent of its budget to food, the marginal. budget shares suggest
 
that of an additional 100 CFA, the household allocates only 32.6 CFA to
 
food, the remainder being allocated to nonfood. The marginal share of
 
food.decreases as-one-moves from the.lower..to -the upperincome.strata,..
 
from a high 48.9 percent to a low 28.3 percent.
 

Table 7. 	Marginal budget shares estimates using nonlinear least
 
squares on LES.
 

Entire Lower Middle Upper
 
Budget category sample 25% 25% 25%
 

Food 32.6 48.9 30.6 28.3
 
Nonfood 67.4 51.1 69.4 71.7
 
Tradcer 8.3 16.8 8.7 5.4
 
Newcer 10.5 18.0 10.2 8.8
 
Meat 3.7 3.9 2.9 3.4
 
Vegetable 2.5 2.9 2.2 2.5
 
Other Food 7.6 7.4 6.6 8.2
 

It is important to note that the cereals, wheat and rice have
 
consistently a higher marginal share than the traditional cereals. Of
 
any additional 100 CFA, households on average allocate about 10 CFA to
 
wheat and rice against eight CFA to sorghum, millet, and corn. Low
 
income households would allocate 18 CFA to wheat-and rice and.16 CFA to
 
the traditional cereals, mid income households 10.2 CFA and 8.7 CFA
 
and upper income households 8.8 and 5.4 CFA. For all income groups,
 
the combined share of cereals equals or outweighu the combined share
 
of all other foods. This suggests that at the margin cereals still
 
appear as a major contributor to the urban household diet.
 

Another income parameter that combines marginal and average budget
 
shares is the income elasticity defined as the ratio of marginal budget
 
share to average budget share at constant prices. This measure has the
 
advantage of being dimensionless, i.e., it is not affected by a change
 
in the units of measurement (eg. from 1 FCFA to 1,000 CFA). Income
 
(or expenditures) elasticities are shown in Table 8, by income stratum.
 
The income elasticity of food is .45, meaning that for a 1% increase
 
in total income, expenditure on food will increase by 4.5%. It is
 
usually expected that income elasticities for food are high in develop
ing as compared with developed countries. The numbers found here are
 

.1.; 
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comparable to the results of other studies in developing countries
 

Table 8. Income elasticities computed from LES parameter estimates.
 

Budget category 

' , Food 

'Nonfood 

Tradcer 

(sorghum, millet, maize)
 
Newcer 

(zwheat-0-rice)' 
Meat 

Vegetable 

Other food 


Entire Lower Middle Upper 
sample 25% 25% 25% 

.45 .62 .43 .42 

2.50 2.43 2.48 2.24 
.75 1.29 .67 1.08 

.66 1.06 .64 .68 

.19 .23 .17 .13 

.10 .11 .09 .10 

.27 .28 .22 .27 

One notes the high values of income elasticities for cereals.
 

When total expenditure is:increased by 10 percent, consumption of
 

sorghum, millet, and maize increases by 7.5% for the average household
 

in the sample. An increase of total income by 10 percent is
 

accompanied with an increase of 6.8 percent in the 'consumption of wheat
 

and rice. These elasticity values are even higher for the lower income
 
"superior"
class, respectively, 1.29 and 1.06. Thus cereals appear as 


goods for the lowest income class. The empirical implication of these
 

results is that cereal consumption by the lower class can be promoted
 

through policies tending to raise the level of income in this class. A
 

transfer of income from the very rich to the poor would increase ag

gregate consumption of wheat and rice because the income elasticity of
 

the rich (.68) is significantly lower than that of the poor (1.06).
 

The higher than expected income elasticity of the traditional cereals
 

for the upper income class (1.08) can be explained by a very low ave

rage expenditure share on these cereals. (Recall that the income
 

elasticity is the ratio of the marginal to the average budget share).
 

Effect of prices . In the short run, prices play an important role in
 

A price increase has two
the allocation of resources among goods. 


effects. The first effect is that, everything else constant, the house

hold's purchasing power decreases. The second effect is that the good
 

whose price has increased becomes relatively more expensive than other
 

goods, and as a consequence, a rational household will substitute away
 

from this good. These two types of effects are combined into a single
 

measure which is the cross price elasticity. The latter measures the
 

relative change in consumption of a good following a relative change
 

in the price of the same good or of another, good. In the first case 

the elasticity is referred to as own price elasticity, and in the
 
second case as cross-price elasticity.
 

ISigma One Corporation, 1983 finds the following numbers for urban
 

Sudan: 73 for overall sample, .092 for lower income, .755 for mid

income, and .514 for higher income households.
 

, ,
 . ,U" '; ;. .. i:: :;. 


m
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Own Price elasticity estimates are shown in 

Table 9. All price elasticities are negative as theoretically expected. 

When aggregate food price index increases (decreases) by 10%, the average 
(increases) 5.6%. The lower
household's food consumption decreases 


income households have a higher response to price changes than the
 

higher income households. An interesting result is the price elasticity
 

of cereals, which is very high at all income levels, with an absolute
 

A one percent decrease (increase)
value greater than one in all cases. 

increase (a decrease)
of the price of traditional cereals will cause an 


For these
of 2.58 percent in consumption for the average household. 


* 
 cereals, the magnitude of the price response increases as income
 

*increases. Economic theory does not provide any answer to whether this
 

is the "normal" pattern or not. 	The response of wheat and rice to 
a
 

It is again to be noted that the higher
price change is also very high. 

.
highf~r.esponse "'than lower income-households. .....
income househo6ds fadVe-, 


Table 9. Estimates of own price 	elasticities using nonlinear least
 

squares on LES. 

Entire Lower M ddle Upper 

Budget category sample 25% 25% 25% 

-.56 -.71 -.55 .53
Food 

Tradcer (sorghum, millet,
 

-2.58 -3.23
maize) -2.58 -2.04 


Newcer (wheat, rice) -2.37 
 -1.83 -2.54 -2.22
 

-. 57 -.34 -.60 -.52
 
Vegetables 


-1.20
-1.23 -.71 -1.24
Other food 


Cross price elasticity estimates 	are shown in Table 10. Their
 

magnitude is significantly smaller than the own price elasticities 
in
 

Table 9, meaning that the change in the price of good affects in the
 

first place the good and then other goods. The importance of crop price
 

the nature of the relationship,
elasticities is that they show 

When the cross
substitutability or complementarity, between two goods. 


(gross) complements;
price elasticity is negative, the goods are 


when it is positive, they are (gross) substitutes. Hence the table sug

are complementary in
 gests that traditional and new type cereals 


This is not what was expected. One would expect wheat
consumption. 

and rice on one hand and sorghum, millet, and maize, on the 

other hand
 

to be substitutes. The results may be attributed to a low price varia

if prices did not change "enough" during the period of observation: 

tion, reactions of households toward substitution cannot be 

observed.
 

New type cereals and traditional cereals appear to be "balanced" 
in
 

the sense that their respective responses are of similar magnitudes.
 
A
meat and traditional cereals, for example. 


change in the priuc of meat has little impact on consumption 
of tradi

tional cereals, whereas a change in the price of the latter drastically
 

Such is not the case for 


affects the consumption of meat, particularly for the middle income
 

households.
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Table 10. 	 Estimated cross price elasticities using nonlinear least
 

squares on LES.
 

Entire Lower 	 Middle Upper
 

25% 25%
sample 25%
Category 


-. 10 -. 16 	 -. 10 -. 07Tradcer/newcerl 
Newcer/tradcer -. 09 -. 18 -. 09 -. 07 

.003 .06 	 .001 .02Tradcer/meat 
.89
1.01 	 .12 3.89
Meat/tradcer 


.12Tradcer/vegetables .03 	 .02 .03 

.04 .08 	 .04
Vegetables 	tradcer .06 


.02 -.02
Tradcer/other food -.02 .06 

-. 25 	 .20 -. 27 -. 21Other food/tradcer 

.001 .03llewcer/mea t 	 .003 .06 
.111.23 	 . 11 4.58Meat/newccr 

.04 .114 	 .02 .04Newcer/ve,et2bles 
Vegetatl]es!newcer 	 .08 .04 .09 .05
 

-. 03 	 .07 -. 02 .03Newcer/other food 
Other food/newcer -. 32 .20 -. 32 -. 29 

-. 41 	 .09 -1.10 -. 05Meat/vegetables 
Vegetables/meat -002 -.01 -. 001 -. 02 

-.04 .94 .03
Meat/other 	food .61 

.01 -. 07 .002 .09Other food/meat 

.02 -.01 .02 .01
Vegetables/other food 

-. 15 .08 .14Other food/vegetables .11 


1A/B = _ . elasticity of A with respect to price of B.
 

PB A 
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SUMMARY AND CONCLUSIONS
 

The major finding of this study is that both traditional cereals
 

(millet-sorghum) and new type cereals (wheat-rice) are very responsive
 

to income and to their own prices. These high response values are
 
For every 100 FCFA of additional income
observed at all income levels. 


received by the households, both types of cereals claim an important
 

part. The findings suggest that sorghum is far fro becoming an inferior
 

one whose demand decreases as income increases) for the
good (i.e., 

average urban household in Burkina Faso. This concilusion is also ex

pected to prevail at the rural household's level, since it usually has
 

less income. .
 

The findings suggest the following conclusions:
 

(1) 	It appears that the demand for sorghum and millet can still be
 

made-greater,,in-urban.centers by ra~ising consumers' incomes
 
or by lowering cereal prices. New technology in sorghum and
 

millet production is expected to bring !ower prices by in-


In that case, th'e price elasticities
creasing productivity. 

found by the analysis suggest that the ,arm level excess supply
 

is potentially absorbable by urban consuimers. Hence the
 

problem of a market for increased production of sorghum and
 

millet seems not to be an accute one in the near future. In
 

any case a combination of lower prices and a transfer of
 

income to the lower income households would increase demand
 

for millet and sorghum.
 

(2) 	This analysis is limited to the urban consumer: one expects
 

however to find even greater responses of consumption to in

come and prices in rural sectors for those categories of
 
or who do not produce enough
households who are not farmers 


for their consumption requirement. The possibilities of
 

substitution are limited In rural areas so that any increase in
 

income or a price decrease ofisorghum/millet will be first
 

and foremost felt on these crops.
 

A limitation of these findings is their time span (one year) which
 

may not be long enough to allow for significant .:hanges in prices and
 
Thisi insufficient relative
households.' adjustment to these new prices. 


price variability may explain the very low ',alue.6 found for the cross
 

A more exhaustive analysis (encompassing both rural
price elasticities. 

and urban areas and for longer time periods than one year) is needed to
 

more accurately assess the dynamics of preference changes of consumers
 

over time and what this implies.
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WORKSHOP SUMMARY 

Joseph G. NAGY and Herbert W. OHM 

The Workshop on -AppopriateTechnologies for Farmers in Semi-Arid
 
West Africa brought together biological scientists, social-scientists '
 

and others- involved in new. technology.design 'and dissemination. Papers 
; 	were presented in four sessionA. Session included 'two general papers 

on soil and water management and soil fertility outlining research expe-' ; 

rience3 to date. Eachgeneral paper was followed by case study papers., .i i 
Two general papers were.presented in SessionIT on plant improvement and;
c ocia~ton and-wer 	 e studies, in eachl'area.'' Papers'. 

on livestock were presentedin Session III. Session IV focused on tech- .,
 

nology needs and promising aveniuesof research, technology evaluation, and
 
the broader aspect of the interface between production and future consump
tion patterns~and 'the implications for new technology design. Each session
 
was followed by in-depth-group discussions. The'discussions of the first
 
three sessions focused mainly on the micro issues involved in technology
 
design and dissemination while the discussion in Session IV focused on
 
macro policy issues.
 

The papers presented in Session.I under Soil and Water Management and
 
Soil Fertility demonstrated that significant yield increases can be obtai
ned by on-station and on-farm research with technologies such as ploughing,
 
diguettes, tied ridges and fertilization in the West African Semi-Arid
 
Tropics (WASAT). However there are persistent problems of adoption by
 
farmers. Factors explaining the low rates of adoption of soil tillage by
 
farmers include: limitations in draft power, short growing season and soil
 
characteristics. Non-mechanized construction of tied ridges requires high
 
labor inputs at times when labor is most needed for planting and weeding
 
operations. To offset the high labor demand in'peak periods in the agri
cultural season, there is a need for inexpensive, mechanically simple
 
equipment to decrease labor inputs for tied ridging, seeding, weeding and
 
fertilizer application. Diguettes have been adopted in certain areas and
 
have the advantage that they can be constructed during the non-agricul
tural season which minimizes competitionwth crop culture for labor.
 
However, applicability and transferability across regions must be inves
tigated. The adoption of fertilizer has been limited by its low availa
bility and cash/credit availability. However, commercial fertilizer use
 
alone without support from water retention technologies presents the
 
farmer with a high risk of losing his cash outlay. The use of manures
 

and mulching are both beneficial, however there is a limited supply.
 

The discussion in Session I,pointed out the need to target the
 
research of soil, water and fertility management across soil types, agro

climatic zones and crops. Each of the soil and water management techno
logies must be applied under specific soil type,toposequence, climate and
 
other environmental conditions.' Although the increase demonstrated by
 
the use of fertilizers can be substantial, there is a need to look at the
 

problem of soil nutrients in their tctality rather than as a ,ingle nu
trient. There is a need to look at the effects of using fertilizer and
 
water retention/erosion reduction methods both in terms of the long run
 
effect onthe soil resource base and their long term effects on costs
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and returns. In general,1 research is required in understanding the inter
face between crop production, livestock production and agro-forestry so as 

' to design technologies that benefit from the integration of all three 
areas; a theme that was carried through to the other sessions of the 
workshop ',2 

The papers presented in Session II indicated significant yield incre-
asP.s 'for on-station resetirch but there is a significant yield,gap between 22 

on-station arid on-farm yields especially for the principle food grains' of 
millet and sorghum. In many cases L , this yield' gap is less for the local, 
variety then for the experiment-stationdeveloped variety. The adoption 
of new varieties by farmers in the WASAT region is Very low. Part of 
the problem stems from the present goals of the crop development strategy 2 

in'the WASAT. Crop improvement programs have looked to the "green revo
lution" model for their goals and objectives and have stressed the goal of 

yieldpotential under high- magement cont'6~~jii 
of plant material transfer from other parts of the world rather than on 

m 
2 

loca)j2materials. However, the environment of the WASAT region is very 
different from Asia where the green revolution took place. The WASAT region 
exhibits soils that are structurally inferior and less fertile with a lower 

water holding capacity. Little irrigation exists, rainfall is generally 
lower and its distribution more eratic in the WASAT than in areas where 
the green revolution has been highly successful. The less than desirable 
physical environment makes new technology adoption in the WASAT more risky. 
In general, the infrastructure to support new technology adoption and dis
semination is at a lower level in the WASAT.: Population pressures for the 
most part are much higher in Asia and consequently the economic incentives 
for new technology adoption are much stronger. Given the physical environ
ment, agricultural production in the WASAT region is characterized by a 
"low to moderate input" cropping system and any new technology design 
especially in the area of new crop development must bear this in mind. 

Gains in production from genetic improvements are usually maximized 
under high management conditions. Thus, major gains from crop development 
in the WASAT will only come about by improving the existing physical and 

management environment. This improvement however, will not take place in 
the short run. Thus crop improvement programs in the WASAT should concen
trate on developing varieties that show stability and exhibit a response 

curve that exploits moderate management levels while maintaining to a high 
degree the ability to exploit higher management levels. Selection must, 
be focused on resistance to important pests and diseases as well as pro
duction superiority under varying levels of soil productivity and available 
soil moisture  all of which are factors which contribute to production 
stability. This strategy for improved crop development will give the best 
chance for higher adoption rates, increases in aggregate production, reduced 
production variability and income distribution equality. This change in 
crop development goals requires new screening and selection procedures and 
an increased interdisciplinary effort between on-station and on-farm 
research as well as increased 'interactions with the farmer. 

Crop associations as indicated by the papers An the second part of 

Session II have mnd continue to play an important role in the farming 
systems of the WASAT. The reasons given for intercropping vary but in 

* general they are; insurance against biological and economic risk, increased 
soil fertility and prevention of erosion, possible higher aggregate yield 
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and economic returns and possible gains because of a better distribution 
of labor over the agricuitural season. While there was research on inter
cropping in the 19305s in the WASAT, there has been 'adiscontinuity in 
research programs ard only within the last fifteen years has research again 
focused on this area. 

More on'farm research including socio-economic research and farmer
 
participation is required to appraise on-station research results. Impor
tant insights have been gained from on-farm research such as farmers indi
cating that they judge a cropping association system by ,the yield of the 
principle food crop and how the secondary crop fitsinto of the overali 
labor availability pattern and consumption needs. Crop association 
varieties must also be developed with an aim of use in mind. Farmers may 
want only the seed or the top growth for hay or both., In the case of
 -. "cowpeas J, _ia need- to :work -on both photosensitive and, non-phQtQsen-, 

sitivevarieties. Further research needs are in the areas of; development 
of adapted genotypes, soil fertility management, maximizing spatial and.;
 
temporal advantages, nitrogen fixation and yield stability. In the WASAT,
 
there are many types of crop associations employed by farmers and for
 
researchers to work on all of them is an impossibility. A strategy for
 
research should be the identification of several major crop association
 
systems across the different ecological zones of the WASAT in which major
 
research investments would be made. The new crop development strategy
 
as cutlined in the "Relevant Crop Variety Development" section of Session
 
II should also be adhered to.
 

Session IIlfocused on the importance of livestock production systems
 
and animal traction within the farming system. The papers presented gave
 
an overview of livestock production in agropastoral systems of the WASAT,
 
their socio-economic significance, the maintenance and conditioning of
 
cattle during the dry season and the profitability and effect of animal
 
traction. It was made clear that technology intervention in livestockc
 
systems be done within the context of the total farming systems.
 

The use of animal traction can lead to significant area expansion
 
effects through increased weeding capability especially at the first
 
weeding - lataeplanting, peak labor demand period. Increased yields from
 
the use of.animal traction have been observed but are iusually small and
 
it is a debated issue in the literature. To be profitable, animal traction
 

a
utilization rates muLt be high (at least 30 days per year). There is 

learning curve for both animal and farmer and it may take three to five
 
years to achieve the full benefits from animal traction. High internal
 
rates of return can be achieved especially with high usage and-shorter,
 
learning curves. However, in spite of possible high internal rates of'
 
return, animal traction adoption rates are low in the WASAT primarily
 
because of low utilization rates and long learning curves. Problems of
 
obtaining high utilization rates '6,\emfrom; small size farms, inappropriate
 
and/or incomplete set of implements, poor animal health and poor management
 
skills. Shorter learning curves are not obtained because there is little
 
farmer or animal training through extension and there is not a well deve
loped market for traineddraft animals,. To date, animal traction useage
 
in the WASAT can be characterized as land using (extensive). However, in
 
those areas of Ihigh population pressure where the traditional fallow
 
system'is breaking down, area expansion is taking place on more marginal
 
land with declining yields making animal traction farmers no better off.
 

'Si,
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What is required is land saving technologies (intensive) to increase yield? 
through new crop development, soil and water management and soil fertility 
practices. On-station and on-f.arm research have a role to play in finding 
ways to use animl tractin in a more intensive mode especially in the soil 
and water management areas. Such implements as a mechanical tied ridger 
can be used as a land augmenting tesl 

Papers in Session IV were presented on methuds K evluat i'., new 

technologies, the role of consumption analysis in tcchnolo',y design and 
evaluation and technology needs and promising avenues of r.iearch. 

Technology 'valuatc., cf en-farm level tests use the following citeria: 
(1) 	 technical feasibility (Is the technnlog, superior to existing 

farmer practices?),
 
(2) 	 profitability, and 
(3) 	 appropriateness of the technology (Mos the tech ology "fit" the 

farmers' production system and constraints'? 
The first critera involves the biological scier.tists, ije, :agFronomists using 
analysis of variance and their technical skinls in identifyinS diseases, 
pests and the like. The second and third criteria are primarly undertaken 
by socio-economic personncl. Simple budgeting analysis can be used to show 
the profitability of tcchnoljy. icwever, even if a technoloigy is tech
nically and economically feasible, it may not fit into the overall pro
duction system of the farmer. Whole farm modeling can foci]itate in ans
wering this question. Whole farm modeling techniques such as linear pro
gramming (LP) can be used to model land endowments and labor requirements 
and availability of a rcpresentative farm. Technical avp cLts or the new 
technology from the on-farm research are modeled into the LP and evaluated 
with respect to the available resources of the farm. The model indicates 
the extent to which the now technology is adopted and indicates the cons
traints within the production system that hold tne technology from further 
adoption. The results from:i the wole farm modeling exercise can be used 
as feedback to scientists designing the technologies. The approriateness 
of the tecnnology also inc ludcs a social soundness ,evluati on of the impact 
of the technolo,-y or intra-household and inter-household relationships. 

Con:umption analysis is important because consumption sets the stage 
for 	production. Over' time, consumption trends change in response to in
creases in income and education. As a society becomes mor affluent, pre-. 
ferences turn tows:,'i increased rice and wheat consuption which are mainly 
imprted in M and from locally grown staples as sr'ghnmthe 1.AT away such 
and millet. Such changes in consumption patterns combined with increased 
production cf soghum and millet through the use or new technology can 
change farm Cate price:s and the relative profitability of different crops. 
Thus when desi g ing now technologies, a view of the long term consccption 
patterns and their impact on producer prices should be taken into ccnsi
deration. Grain imports under aid programs also can rarne relative prices 
and 	 change consumer ureferences 

The paper on tochnology needs and promising avenues of research 
started with a critique of agriculturai research policy. Since the inde
pendence era, economic developmert of the WASAT has stagnated. The agricul
tural sector has contributed to tie stagnation with very low growth rates 
especially in principle food crop production. The small increase in total 

ratherfood production, however, has come about through land area expansion 
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than fromiyield increases per unit of land demonstrating that land a men. ..
 
ting technologies are not being used. This isin spite of increased
 

S 	 funding of principle food crops research in the post independence era. 
However, the increased funding was accompanied by management inefficiencies, 
unqualified staffing and limited operating funds. Two reasons for the 
failure to produce appropriate techno.oiea are firstly, the'failure to
 
understand farmer goals and their resource'limitations and secondly, the
 
adoption, of the 'technology 'transfer model development, i e. the green 
revolution model. 

Future research must consider the given resource base of the WASAT 
and concentrate on soil conservation, water management and reforestation 
within a smallscale farming context. Research stould concentrate on prin
ciple food crops.and on export crops only to the extent that they have a 
clearcompetitive.advantage.JThe.research m ave,_a farming, ystems, 
perspective which includes interactiori among on-station'research, on-farm
 
research and the socio-economic environment of the farmer. A promising"
 
avenue of research for the future in the biological area is developing
 
varieties with stability and an increased response to moderate management
 
levels. An increased use of lccal plant materials in research programs
 
may.have a higher payoff than imported materials. Chemical technologies
 
such as fertilizers require research on the utilization of local materials
 
where possible such as local rock phosphate to decrease transportation
 
costs and foreign exchange requirements. Since the first weeding-late plan
ting period is a peak labor demand period, research on low cost effective
 
herbicides could also have substantial payoffs. Another area of research
 
is that of increasing labor productivity by improved mechanical means.
 
Simple improvements in existing hand tools and animal traction equipment
 
is the first step, Livestock research to date has been in the area of
 
animal diseases. An important constraint now appears to be the availability
 
and quality of feed for animal maintenance especially during the dry season.
 
Future research on native pasture improvement and the growing of forages on
 
fallow land are avenues of research. However, the only real effect on the
 
feed supply will come with increased crop production.
 

I The 	ending discussions of the workshop concentrated on the issues of;
 
what is appropriate technology, problems of the adoption of technology pac
kages and the problems of long term planning of agricultural research.
 
There was a discussion on what input and product pricing regime should be
 
used to define appropriate technology. Prices of fertilizers and grains
 
are often subsidized. Are technologies that are only profitable under
 
subsidized prices appropriate technologies? Further, should researchers
 
develop new technologies using subsidized price ratios as a guide? Two
 
reasons as to why subsidized prices should nut be used as a guide for tech
nology design are:
 

(1)government policies can change leaving the once appropriate
 
technology an inappropriate technology, and
 

(2)there is a real resource cost to the subsidization of input and
 
product prices.
 

Thus, there is a cost to society in terms of the money spent on subsidi
zation that may be spent elsewhere in the economy which may give society
 
greater benefits. However, with this in mind, it is important to continue
 
to'develop a range of technologies for specific recommendation domains to
 
ensure that at each stage of development farmers have a choice of
 
technologies.
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Given the current food production situation, a quantum Jump in Pr- 
duction is required. The adoption of'a total package of technologies is 
needed to obtain the quantum jump however, total packages are adopted more 

slowly than singl~e technologies. or parts of' a package~ of technologies, 
Farmers will adopt those parts of' the package that are easiest and most 
profitable. To attain total technology package adoption, the most profi.,. 

table components inthe package may h,eed to be extendied to the farmer 
first and over time, all the technology in the package may he adopted. To 

do this, a long term perspective is required'to chart a course that will 

take agricultural production to desired levels in a reasonable period of 

time, i.e., five years. 

Given that a quantum jump in production is required and that each 

institutional organization within-the agricultural system has its own 

W direction and agenda, will their combined effort lead*in, the long run to 

incremental changes that will increase production to desired levels? The 

..answer at present is..probably not. Many if not most countries in the WASAT 

do not have well-defined agricultural-policies or agricultual res-ch.

current policy direction and
policies. Crisis planning is at the root of 

has led to short term goals. With respect to agricultural research, the 

funding in total is very low and most WASAT countries contribute little to 

their own research efforts. Donor agencies also tend to plan in a crisis 

environment which results in short term planning P,d inappropriate research. 

The impact of donor agency funding from sending 4 two to three expatriates 

or increasing the budgets of International Centers is often marginalbe

cause National research systems are very weak. Strong National research 

organizations are important to develop location-specific technologles over 

wideranging agroclimatic zones and are the only institutions that can carry 

out research that maintains a long term perspective. Crisis planning can 

only be avoided by strong National research institutions that identify long 

term research needs and goals and present them to policymarkers. 
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