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FORWARD

Accelerating the rate of growth of a ration's economy is a matter of
universal concern. Among the developing navions, it is of prime concern.
In many such cases, agricultural development is thie primary means of cata-
lyzing general cconomic 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 populaticn growth and other
endemic constraints to meking agriculture the lead sector in natjonal
development.

The SAFGRAD/Purdue/Farming Systems Unit worksiop on appropriate tech-
nologies for farmers in semi-arid West Africa was dirccted toward contri-
buting to eventual amelioration of this concern. The workshop brought
together leading African and expatriate sciertists involved in systematic
research on the technical, cconomic, social and policy constraints to agri-
cultural development in the region. The scientific papers presented provide
empirical information of explicit siymificance 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 pleased to have had the opportunity during the
past six years to collaborate, through SAFGPAD and USAID, with African and
expatriate colleagues in farming svstoms research. 1t is grateful for the
opportunity to have participated with FS8P, TCRIZAT, LITA, TRAT, SAFGRAD
and USAID in the organization and conduct of the wrrkshop. It trusts
that this volume of proceedinga will be useful te all concerned with
relaxing the constraints to accelerated agricult ral development in
Vlest Africa.

D. toods Taomas

Associate Dean and Director
International Yrograms
Purdue University

W. Lafayette, 1M 47907
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PREFACE

Regsearch to increase agricuttural production in the West Atrica
Semi-Arid Troplcs (WASATY has heen greatly intensifried at the national and
international levels since the carly 1970's, Because of" the complexity off
production constrainte in the WADAT we have learned that production Lechno-
logies which had proven offective in other arcas off the world may not be
appropriate in the WASAT, Ve have also learned that the farmer is an
important part in the development of new technologies.

Aftcr nearly btwo decades of’ intensive aigricultural research, at expe-
rlment otations ond more recently on-farm, one can ask the questions: What
technologies have Leen developed which are appropriate to the WASAT, and
what are the promising research Jdirections?

With these questions in mind, the resecarch team of’ the Farming Systems
Unit (FSU) of the Semi-Avid Pood Grains Rescorch and bevelopment (SAFGRAD)
project with cncourygorent, from the aational and international research
community at Oungadouou, provided teadership Lo oragnize a workshop. The
workshop, Apprenriate achnolosies Semi-frid Hest AMrica, took place ot
Quagadougou during 2 to 5oaprii, 1985,

The primary objective ol the workshop was Lo assess upricultural tech-
nologies currently available in the re-ion and focus on Lechnology needs
and new avenues of research. The workohop coveored tour matn areas:

(1) zoil and water management and soil fertitity,

() plant imp .vement and crop sagoclations,

13) tivestock and animal traction, and

(6) approprinte tocimologies and propising nvenues o reseavch,

The workshop was orgunived avonnd a peneral summary paper in each area
followed by case chudy puapers. ach sesaion was follwed by discussion
proups and rapportours recorded Lhe muior hightights.  The workshop ended
with 2 reneral discucsion arter listening to the rapporteurs’ summaries ¢t
cach « an. This volume includes the edited versionu of the twenty-
three !

papars presantod b tive vorkshop. We have added a peneral summary
of thoe workshop papers and pajor points tnat were brougsnt. out in the
discu

ong.

It wes not possible during e 31/ days of this workshop o deal
Jith ali the complex topics and issues ol agricultural technoiogy inter-
vention in th AT . However, we believe that the topics covercd and the
papers Fowere prosented add aipniticantly to the information base in the
WASAT. In particular, the seneral papers along with several o the case
study papors can Serve as a Lasis For future regearch direction in resol-

ving some of Lhe comples problons of the WASAT,

waryahiops and workshop vrocecding: provide an lupertant vehicle for
pesearchor tnteraction and they provide un outlet Cor publication und
dissemination ot reoenrch Tindings. This is particularly true o1 regions
1ike the WASAT wheore Lnorce are 1irited opportunities for publication of
research results. This WOrksSHop wWas an opportnnity for more than 60
scientists and agriculbural adi:inistrators oo national and international
resasnrch institutions whio are ongaged in proscurch in the WASAT to parti-
civate in an excharge of rescurch infermation and extennive discussions

o' ideas,

i
.
L
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We wish to acknowledge the members of the organizing committee (Drs.
Taye Bezuneh, OUA/SAFGRAD; Peter Matlon, ICRISAT; Robert Nicou, IRAT; and
Mario Rodriguez, ILITA)} for their generous and invaluable support. On
behalf of the organizing committee, we express appreciation t.o workshop
participants and to authors for their willingness to present papers to
serve as a source of discussion. Thanks are cxtended to the chairpersons
and rapporteurs for the plenary and discussion sessions who provided sum-
maries from which information was taken for portions ol the summary section
of this volume. We express sincere appreciation to the U.S. Agency for
International Development (USAID) for encouragement, funding support and
co-operation throughout this activity from planning to publication of the
proccedings. On behalf of African National participants we express sincere
appreciation to the Farming Systems Support Projec* {(FSSP) of the University
of Florida for support of travel and subsistance couta. We sincerely appre-
riate the co~operation and logistical support of OUA/CAFGRAD Co-ordination
Office. Ve acknowledge the staff of the Department of International Pro-
grams in Agriculture, Purdue University for logistical support throughout
this workshop activity and for the publication of the workshop papers. We
also acknowledge the organizational skills of Hell Diallo and Katy Ibrahim,
who as a team contributed significantly to the success of the workshop.

Herbert W. Chm and Joseph G. Nagy



SOIL TILLAGE AND WATER CONSERVATION IN SEMI-ARID WEST AFRICA

R. NICOU and C. CHAHHEAU1

The pedoclimatic conditions of the semi-arid West African zone are
such that it is very difficult for annual crops to grow. The physical
properties of the soil, in particular, impair crop root development.

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 Lo degradation, infre-
quent but large and intensc 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 ©OTL CHAPACTERISTICS

The climate. The climate of the tropical zone of semi-arid West Africa is
Characterized by the strong contrast beiween a rainy season which lasts
two to three months in the North and [ive to six months in the South bet-
ween May and October; and a totally dry season.

Annual rainfall varies roughly between 200 and 1,300 mm; isohyets
are irrepularly parallel to the equator and rainfall shows a strong
increase gradient from North to South. This gradient is more pronounced
in western . 1egal than within the zonc.

Because of the extreme irresularity of rainfall, the rainy season is
often a succession of rainy periods and dry periods, the latter becoming
more and more frequent northward. [t is a fact that since 1966, a period
of drought has prevailed all over this zone and that most isohyets have
decreased by 200 mm (Dancetce, 1977). The zone is under a very strong
evaporative demand: annual potential cvapotranspiration (PET) roughly
ranges between 2200 mm in the Horth and 1600 1rm in the South.

There are twe other important characteristics in the physical proper-
ties of the soil:
{1) the absecnce of frost: temperatures rarely drop below 10. The
phenomena of strong frost which are important in the northern
countrics are totally nboont nereg

(2} the very high intensity of rains and their erosive power. A1l
calculatior methods have demonstrated the very strong cggressi-
vity of the climate throughiout the Zcne. This aggressivity is
the origin of the very strong hydric erosion that exists every-

where, especially in the Zouti.

1 Soil Physicist and Director of 1RAT-CIHAD in Burkina Faso, Ouagadougou
and Agro-Pedologzist, Diractor of TRAT-CIRAD, Nogent du Marne, France.
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12 APPROPRIATE TECHNOLOGIES

(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 sediments, 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 lateritic cuirass;

{7) susceptibility to erosion ranging from weak to average: the
Wischmeicer index varies from 0.05 to 0.1 in the tirst years of
cropping, from 0.2 to 0.30 after 3 or 4 years of cropping (Roose
1974), Wicchmeier, 1959.

The physical properties of the soil, limiting factors of plant growth.
Many positive correlations (Charreau and Nicou, 1971; Nicou and Chopart,
1979) between total root weight or root density in g/dm3 and the yields
of various crops {groundnut, sorghum, maize, rainfed rice) have been
shown in the West African semi-arid zone (Fig. 1).

This seems to be 2 general rule for soils with sandy-clayey superfi-
cial horizons and can be explained by the fact that in these soils where
water availability is limited and uncertain, and where the content of
available mineral elements is poor, deep root establishment is essential
for water and mineral nutrition.

In soils such as vertisols where wabter and mineral salts availability
is hiph, the correlation between root es ablishment and crop yields may
not exist.

Close relations between total porosity or apparent density and root
density nave been fcund in the sandy-clayey soils in various horizons and
for different crops of Senegal (Fig. 2). Root weight or roct densities
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; Micou and Chopart, 1979).

In Lhe vertisols or similar soils, the major limiting factor for plant
growth is most often the insufficient infiltration and the water logging
of the deep horizons, especially in the derraded vertisols,

The effects of the low porosity on root establishment may be explained
mainly by two reasons:

(a) insufficient aeration of roots,
(b} mechanical resistance to root penetration into the soil.

The first explonntion  is not satisfactory for these soils because
macroporosity is always high and the risks of temporary water logging are
low in tiie upper horizons. On the contrary, the second reason is likely
to be the most importuant one. The increase of porosity leads to a greater
proportion of large rores throush which roots can easily find their way.

Whatever the reasonc may be, “his low total pcrosity which results
from an unadapted structure is often a limiting factor for plant root
establishment and growth in these sandy-clayey soils of the dry tropical
zone, The practices of soil development must increase porosity in order
to obtain the best yields.

ceelvnn
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Fig. 1. Relations between root development and yield for different plant
species in Sénégal. (a) Fallow, Bambey ; (b} Groundnuts, Bambey, 1964 ;
{c) Sorghum, Nioro de Rip, 1967 ; (d) Sorghum, Bambey, 1964 ; i{e) Rainfed
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THE EFFECTS AND CONSTRAINTS OF TILLAGE

Tillage has many effects on the soils that have sandy-loamy and sandy-
clayey surface horizens. The most important ones concern the structure of
the soil, the hydric regime, the organic matter and microbiil activity and
consequent 1y the yicld of crops,

The astructure of the soil., Tillage increanes the total porosity of super-
ficial horizons whatewver the conditions of realization., Tt takes the
earth, breaks it and turns it by dividing it wore or less slenderly in
accordance ~ith itz huridity and therefore with the intensity ¢ ine mass
take-off. ‘hus it creates an artificial cleft which does not exist under
natural conditions. Horpholurici. observations of £oil rrofiles after
tillage show an important difference in the macrostructure between super-
ficial horizens and deep-sented horitons.

In lable !, we have gathered o few Cield meazurcments in a range of
representative conditions (Micou, 19777.

Table 1. Example of the oftects of tillage on soil porosity.

Total poronity

Statistical
Village Type of cotil Control Comparisen
o e —
Bambey Leached tropical ferruginous 3e.9 43.4 ++
soil on cand=hills (DIOR) 32,1 44,5 ++
0.8 47 G ++
40.8 47.5 ++
Sandy-clayey soil (DEK) 39.2 46,0 e+
40.0 46 .4 ++
Nioro du Leached tropical ferruginous 43.4 47.2 +
Rip soil on sandv-clayey sand- 42,6 4.2 ++
stone 41.G 47.5 ++
43,0 46.8 ++
Sinthiou  Leached tropical lerruginous 40.8 44,2 ++
Male.a 30il on sandy-clayey cand- 43.4 47.5 ++
stene

Sefa Leachad ferrurinous coll 43.4 51.3 ++
44,9 47,9 ++

++ Highly significant difterence
+ Significant differsnce

Clod porosity alseo increases, especially where the organic matter has
been incorporated. It has been shown that when tillage was well carried
out in good conditions of soil moisture the changes of structural porosity
affected not only the big clads but also the small aggresates of one to
two cm of diameter (liicou, 1974).

veel euns



16 APPROPRIATE TECHNOLOGIES

This increase in total porosity that may appear tc be limited (10 to
20%) has, nevertheless, very important consequences particularly on annual
plant root development. We have seen that ther: exist relations between
root density an global porosity, but it is the whole dynamics of root
establishment which is favoursbly modified (Chopart, 1975):

(1) pace of progression ot the root frout,

(2) maximum depth and total length,

(3) deep root density,

(4) average distance betwzen two roots.

A number of dats assessed in rigures appear in Table 2 as an example
(Chopart and Nicou, 197C).

Table 2. Effects of tillase on some churacteristics of crop root establish-
ment

Characteristic Control Tillage

Pace of growth: rainfed rice root weight

at 25-30 cm
After 25 days, g 6 45
After 45 days, g 54 64

Characteristics of rainfed rice root
establishment at 92 days

Total length, m 36.2 96.2

Distance between main roots, cm 4,14 2.55
all roots, cm 0.66 0.48

Total weipght, & . 4,10 8.48

Diametral surface, cm’ 550 1676

Characteristics of sorghum root establishment

at blossoming

Total length, © 36.4 49.6

Distance between main roots, cm 12.8 101
all roots, cm 0.63 0.57

Diametral surface, cm® 9.45 12.36

Indepth root weight by plant (mg)

Millet 100 - {50 cn 532 122
50 - 200 cm g1 3038

Groundnut 50 - 110 cm 4010 5700

Sorghum 40 - 90 cn 2370 3910

The hydric regime of the soils., Tillage also affects the hydric regime
of soils strongly. This :m one of its most beneficial effects in semi-
arid tropical zone. It 1s frequently observed that crops support dry
periods better when they are plinted after tillage.

Three mechanisms must be taken into consideration for this jimprovement
of the hydric regime:
vedl e
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improvement of infiltration, tillage affects infiltration:

(a) by increasing the porosity of surface horizons;

(b) by creating obstacles to the partial or total circulation of
water at soil surface, this obliges it to penetrate: cloddy
superficial structure, modification of land pattern.

This action has been checked und2r 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 tillage is mainly per-
ceptible at the beginning of the cycle. Later on, it is the more
important development of the vepetation cover that ensures better
protection of the soil by intercepting the rains.

(2) Use of the stored water by the plant. This effect is linked to
the development of the root system. ‘'hanks to a more rapid and
better utilization of the soil by the roots, the water reserve
made available to the plant is more important (1able 3).
Numerous monitorings of hydric profiles performed during periods
drought have made it possible to find that plants cultivated on
tillage explored the hydric reserves of the soil better (Charreau
and Nicou, 1971).

Table 3. Differences of water stocks between control and tillage during
millet cultivation in Bambey and rainfed rice cultivation in
Sefa (Senegal).

Millet, Bambey Rainfod Rice, Sefa
Differences of water stocks, mm Difterences of water stocks, mm
Control-tillage (ont rol-tillage
Depth in Depth in
3011 1970 1973 Guil 1968 1969

0- 50cm - 1.5 + 1.8 0-30 cm + 6.5 0-40 - 17
50 ~ 100 + 2. + €.5 30-50 + 10.3 40-80 + 14.9
100 - 150 + 9.2 o+ 11 50-100 + 15,2 80-200 + 17
150 - 200 + 17.5 + 18.4

0 - 200 + 34,3+ 37.8 0-100 + 32 0-200 + 14.9

Whereas concumptions b sartiase e equivalent, in depth the
plant consumes more onof titledi coil and uses the reserves
better.

(3)

Conservation of stored water. If performed after cropping, soil
work makes it possible to reduce evaporeiion during the dry
season, by breaking of the capillary front and suppression of
all surface vegetation. If there is water left in the soil
after harvest (short cycle cropping) and if the texture allows

VAN



18 APPROPRIATE TECHNOLOGIES
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it, this water may thus be preserved during the dry season and
be used at the beginning of the cycle of the following year
(Dancette and Nicou, 1974).

Table 4. Variations of water stocks (mn} over 2 m during the dry
season after different treatments.

30 November 29 June
Treatments 1972 1973
nm

Millet harvested, straw left on the spot,

unweeded soil 34 3
Millet harvested, mulched, without weeds 71 30
Millet harvested, mulched, with weeds 5 2
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

The organic matter and microbial activity. As regards the organic matter,
repeated tillage is reputed to nccolorate the oxidation and mineralization
of humus and to modify microbial activity and biochemical processes. 1In
semi-arid West Africa, the decrease of humus rate i3 not evident. On the
other hand, in the noils of fenegal it was demonstrated that tillage might
increase nitrogen minernlization significantly during the rainy scason
(Ganry, 1977), which increases coreal yiclas.

Tillage may also have lmportunt offects on the symbiotic activity of
rhizobiums. GCroundnut yields may thus be increased by 0% in very sandy
soils, due to Increased nitrogen fixation, 2u has been measured in Senegal
{Wey and Obato, 19F4}.

Crop yields., The nodificabions 51 the physical properties of the soil,
Jue to tillage and particularly ito eflecis on the hydric regime of the
soils have very important consequenceld or the yield of the major plants
cultivated. We have many dato for French speaking semi-arid West Africa.
In Table 5, we have shown the averaves recordod in a large part of pre-
extension field trials.

These are the effects of tiliayze only, without taking into conside=-
ration the incorporation of organic matters that may medify the percentages
in relation to the nature of the organic mutter.

Cereals are very sensitive to the offects of soil tillage which
increase when onc moves fromrillst to corghum, then to maize and to rain-
fed rice. In fact, thiz depends, to a large extent, on the hardiness of
the species and on its adaptation to the aridity of the climate.

el ens



20 APPROPRIATE TECHNOLOGIES

Taple 5. Effcct of tillage on the yields of the major plants cultivated
annually in semi-arid West Africa.

Number ot Yield

annual Gain of
results Control Tillage tillage
kg/ha —— %

Millet (grain) 38 1558 1894 + 22
Sorghum (grain) 86 1691 2118 + 25
Maize (grain) 31 1893 2791 + 50
Rainfed rice (paddy) 20 1164 2367 +103
Cotton (cotton zr.) 28 1322 1550 + 17
Croundnut {pods) 45 1259 1556 + 24

We have alco recorded residual effects of tillage; they may be
relatively important and, most often they depend on rotation. Thanks to
their clustered root establishment, cercals preserve the macrostructure
created in the soil better whereas often after groundnut there is nothing
left. This makes it poscible to envisage sillage over periods of two or
three years and therefore the distribution of the work over the whole
field.

Finally, it must not be forgoiten that tillage has u very marked
effect on the growtn of weeds. It has been demonstrated that a tillage
correctly performed would make it possible to reduce the number of
weedings significantly and, at any rate, to postpone the date of the
first intervention: which is important for the crop calendar of the farm,

The difficulties and obstac.es for tillage extension on-farm. The effects
of tillage are not as marked everywhere because they depend on:
(1) the nature of the soil: we have said enough with respect to this
subject and need not dwell on it,
(2) the climate and the vegetation.

In an environment of heavy rains, erosion control prevails. further-
more, the presence of a long dry season is an obstacle to any efficient
action of the mesofauna {earthworms) :

{3) the plant cultivated,

(4) th: cultural history of the plot.

On a recently cleared picce of land, it is often preferable not to
upset the upper horizons whercas on u piece of land cultivated over a long
period they must be tilled:

(5) the quality of the performance,

(¢) the cultural manners of recovery: vecoveries are often necessary

when tillage is badly performed.

Tillage requires that the farmer should have an adequate force of
traction (animal traction, motorization), that is, means of production.

In the case of ox traction, four tec five days are required for til-
ling a hectare of land. The problem of crop calendar is especially serious
at the beginning of the rainy season, when there is competition between
soil preparation, seeding and weeding and wnen the state of nealth of the
yokes of oxen is far from satisfactory after a long d-y season.

VAT
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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 1s the case with ox traction. Often, there is confusion between
depth and intensity of scil work. In particular, the use cof disk ploughs
working at high speed on sloping soils must be condenned (Charreau, 1969).
I means to prevent tillage from Leing erosive iz to associate it to tne
organic matter,

Despite all the positive results obtaincd in trials, and the efforts
of the extension services, it may be demenstrated that tillage is still
relatively in 1ittle use among farmers of semi-arid West Africa. Even in
some zones of western and southern Mali where it is used to a large
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-
turies, despite the use of quite primitive instruments. It would be
interesting tc analyze the reasons for this oppogition.

We have seen that in semi-arid West Africa there are numerous cons-
traints to the adoption of tillage by the farmers. Among those constraints,
the wost. significant one is the Jack of the time required for performirg
this operation at the beginning of the cvele, due to the brevity of the
rainy season and to ths imperative need to seed carly. The competition
between cultural practices, seceding and wecding ic particularly marked in
the West where roins start suddenly, Buc inland, where a number of early
rains of April and May may be used for tillape, zhis is not done without
very clear reasons (Tradition prevails).

At the end of the dry seison, the soils are Loo hard (taken as a
whole) in order for work to be carried out with animal traction. After a
short cycle cropping, the farmer miy have 2 limited time to till at the
end of the cycle. EBut herc agnin, one 13 {ncad with a number of habits
and practices, particularly that of taking n rest betwcen the harvest of
short cycle crops and that of long cycle crops.

A11 the drawbacks taken individuzily are not insurmountable, but
their combinations explain the difficulties encountered in the introduction

of this technique to the farmers of scmi-arid West Africa.

GTHEP TECHNIONRS OF Z0TL TILLAGE

Soil tillage with tin2s or pseudo-tillaze. Joil tillagt with tines makes
it possible to preparc the noil without turning it up. Itz puepose in
particular is to get rain waler to penetrate without upsetting tne surface
of the soil. It may have differant forms {Hicou, 197¢):

(1) Shallow cultivation of dry land: performed with d. "rerent types
of tines; it males it possible to split the s0il (canadian, pick-
mattock, diamond point, ote.). Performed with animal traction,
it is necessarily limited in width and d=pth by the force of trac-
tion and most often it is very localized and sunerficial.

The yield increases obtained are very irregulur and depend, Lo a
large extent, on the velume of soil really affected by the modi-
fications of structure. Experimentaily, the yield increases may
range between O and 15%.
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(2) Passage of tines on moist land: the tillage is deeper, faster
and covers more surface. The use of parts known as nernose-feet”
may be very efficient. But this work must be performec after the
beginning of rains and therefore it competes with seeding. Yield
increases have reached 23 % (whereas ploughing in the same condi-
tions yielded + 29%)

(3) A chisel can only be used with a tractor. G a dry land, its
depth of tillage is most often limited because of the hardness
of the soils, but the surface cultivated may be important.

(4) Deep ploughing splits the soil wmore ind.pth, but the force of
traction must be high. However, as the passages of tines are
spaced by 1 m to 1.50 m, this reduces labour time. It is faster
to use a deep-plough on z dry land than to plough 1 ha of moist
soil with a tractor. Its efficiency depends a lot on the nature
of the soil. If too sandy, splitting is inadequate and the modi-
fications of structure tend todisappenr ropidiv. If clay content
is iradequate, the offect may last at leoast two years.

An experiment conducted at Gampela (Burkina) over fouryears has led
to very interesting resulty {(Tuble 6). After Herblot, 1985.

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

Sorghum Groundnut Sorghum
Treatment 1982 1983 1984
wg/ha
Control 350 1264 523
Chizel 1020 1185 652
Chisel/deep ploughing previous year 1200 1659 1050
Deep ploughing the current year 1390 1567 1841
Tillage with gang plough 1340 2000 1620

The efficiency of tillage with tines varies a lobt:

(1) In terms of water economy, the deeper the tillage and the closer
the passages the better the infiltration is. A deep ploughing
that leaves pig crods at soil surface may be very efficient at
the beginning of the cycle. But a simple shallow cultivation
remains very risky. The interest of' these techniques is that
as they are performed during the dry pericd they make it possible
to store a more or less important part of the first rains.

(2) Action on root establishment. is limited to the tilled area, If
seed rows are found on the passage of the tines, there i3 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 iz taken from the space between two crop rows to an untilled
part. The plants are seeded on top or on the side ¢f the ridges that
need to be banked up during the cropping cycle.

The principle of this technigue isg to trap rair water, to prevent
runoff and to keep the maximum of this water at the disposal of the plant.
In fact, this ic possible only if:

(1) tae ridges are made perpendicularly to the direction of the

slope,

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

runs out faster carrying away the thin elements. This erosion is
then facilitated by the fact that ridging work grinds the earth.

Furthermore, if the previous conditions are met, the water will be
truly available to the plant only if the texture of the uoil makes it
possible and if the root establishment of the crop 1s adeguate.

P!

In the zones of West Africa where this technique is traditionnally
used, tillage is performed by hand and, 1n general, seeding 15 delayed.
Ridging ic particularly useful for controlling weads at the beginning of
the cycle., This being so, contour ridging may effectively limit runoff.

However, it must be noted that in sandy soils, the ridges are gra-
dually destroyed by rains. A layered structure which is unfavorable to
crop root development may develop in the furrows in which the sedimenta-
tion occurs. This was particularly observed in the south of Senegal
{Seguy, 1971).

Finally. it muct be pointed out that when the soil is sandy or gra-
velly, that is leaching, the water does nol remain in the body of the
ridge. In case of seeding followed by 7« period of drought, the plant does
not resist. But if il rains o lol 2t the beglnuing of the cycle, the
system avoids water logging, which way pbe an advantage for some crops
such as moize.

An experiment ceuducted over the last three years in Burkina (Table
7) in severwl different pedoclimatic situations makes it possible to
compare flat ploughing and ridiing (IRAT, 1082, 1983, 1984).

Table 7. Average yield of sorcivue nd maice.
Hurk 1 ot
AN Flat
ool Control  ploughing Ridging
kg/ha
Sorghum 20 730 1126 1090
Maize 5 1893 2791 2323

ool e
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Cenerally, there is no significant difference between the two, as flat
ploughing is superior in average. The interest of ridging is particularly
marked when the slope becomes important. But its operation may be consi-
derably improved by tying which will be discussed latar on.

Mounding: it consists in taking the earth from the space between two
rows to the plants being cultivated. The work may be performed by hand,
by animal traction or cven by motor traction. Tihe seeding is performed on
flat soil and it is only when the plant has ‘eached a certain height that
mounding can be carried out.

The purpose of the operation in terms of water preservaticn may be
comparad to that of pidgsin: to trap rain water and facilitate its infil-
tratior. However, the result obiuained may vary in relation to what
happened before mounding and to what will Thappen after mounding.

If seeding was carried out after flat ploughing, one may expect to
cunulate the effects ot tillame and thuce of mounding. The same applies
if there has been tillage wih tines. This is important particularly
concerning the development of the root system. However, mounding gives
rise to a number of problems:

(1) To perform it, one must wait until the plant has grown enough.

In regions with poor rainfall, when there is a period of drought
at the beginning of <he cycle, one must wait for a long time
before petting thie possibility of mounding Therefore, the ef-
ficiency of the technique may then be questioned.

{2) When mounding, one may have to cut off a number of roots which
are in the space tetween two rows, Some negative effecis have
be 2n observed on millet.

(3) Ssed lines must be perpendicular to the line of greater slope.

As in the case of ridging, the efticioncy of mounding may be consi-
erably improved by Lying.

Tied ridges. The technijue of tied ridpges consists in making embankments
with regular space betueen the ridees, in such a way as to prevent the
runoff of water and to create basins for water microcatchment, This tech-
nique makes it possible to practically suppress runoff in the plot and,
to put all the rain water that falls down at the disposal of the plant.

This technique wbich traditionally is in little use in West Africa
is widely used in South America, it has recently been the subject of
surveys by the TITA-CAFGRAD Agronmy Team on maize and cowpca in Burkina
and, by the ICRISAT Team on millet und sorghum; its on-farm application
has been initiated by the FSU/3AFGRAD Team. TFAT~CTRAD, under IBRAZ,
has undertaken over the 1ot three years a regionalized comparative
study on all water conservation fochniques which will make it possible
to determine the most adapted techniques In relation to the pedoclimatic
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 coil,

(4) position on the toposequence.

ETY
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In a study carried out at the Kamboinsé station (Burkina), ICRISAT
has compared different sizes of basins of microcatchment with or without
complementary straw, for reducing evapotranspiration. Forsorghum, a micro-
catchment basin of 0.50 12 was significnntly better in terms of yields:
thiscorrespuiids to a spacing of 1 metre between the ridges for seed rows
spaced by 50 cm, (Zaongo, 1983).

Concerning the date of tying, several possibilities muat be envisaged:
{1) Direct serding at the outset cn the tied ridges manually or mecha-
nically. 1In that case one does witnout the effects of soil
tillage such as tilling on crop root establishment.
{2) Flat seeding after preparation and tied mounding about three
weeks or one month after seeding.
(3) Flat seeding, mounding at the beginning of plant growth and
tying some time afterwards.

The efficiency of the tied ridre will then depend upon the distri-
bution of rains with respect to the date of tying and also to the nature
of the soil.

If the soil is too sandy, the device might not resist severe
rains and it will be necessary to bank up regularly (hence additional
work). It is, therefore preferable to perform tying rather late so tuat
it can be efficient at the period of ear emergence or blossoming, a very
stress sensitive period of plant growth.

If the soil is clayey enough and if the tied ridge is solid, it is
preferable to make it early, but if one wishes to utilize o1l of the water
of the profile by a deep root establishmert, it is better to plough
peforehand. The IITA-SAFGRAD cxperiment has shown that in that case, the
device could belept for two years without being banked up.

The regionalized IRAT trials of 1784 have shown that the best date
for tying the ridges varies in relation to the site (IRAT, 1984).

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

Ploughing + Ploughing +
tied ridges ridging, 1 month +
Location Control I month tying, 2 months
— Kg/ho eeoeo—

Sabouna 1 330 118
Kolbila 288 611 53i
TO 876 14351 1219
Gampéla 109 1683 2594
Saria Haut 523 1410 1337
Saria Bas 250 1561 1790

Kassou 698 884 825




26 APPROPRIATE TECHNOLCGLES

It must also be pointed out that when the soil is sandy or gravelly,
the water may seep and not be used by the plant. Therefore, it is neces-
sary to develop a deep root establishment.

The example of Saria Haut is a typical one in this respect (sorghum,
kg/ha)

Control 523
Flat tillage 1083
Flat tillage + tied ridgiiy; at 1 month 1410
Direct tillage + tied ridgins 1 month 959

Concerning toposequence, an imoortant study is being conducted by
IITA-SAFGRAD at Kamboinsé. Fig. 4 shows the results obtained in 1983.
They reveal the effect of the position ol the crop, along the topose-
quence, on the yield of maize. lied ridging every other row or every
row has increased yields on all positsons except the bottom lands, (IITA-
SAFGRAD, 1983}.

Tharefore, tied ridees appear as a very interesting water conserva-
tion tecnnique that may be combined with other technigues (soil tillage,
mulch?t,

However, if ridgingmay be done with animal traction ~nd maintained
in the same way, so far tying requirad considerable wors from the farmer.
The creation by SAFGRAD of an adapted tool gives rise to hopes in that
respect.

It js a fact that mechanical weeding between the rows is no longer
possible, everything must be done by hand. We belicve that flat seeding
(preferably after soil preparation) followed vy tied ridging three weeks
afterwards, will make it possible to solve the problem of weeds, as the
ei'fect of mounding is to limit the number of weedings. Thus only one
manual intervention would suffice until harvest.

It must also be pointed out that another technijue has been tested
by IITA-SAFGRAD. It consists, after flat ceeding, in digging small
noles iabout 40 cm long x 20 cm wid2 x 10 cm deen) at the same time as
the first weeding. The holes are dug between the rows viithout mounding
the plants. The system has had a very high'y significant effect on the
yields of maize in 1983 at Kamboinsé; 624 kg/ha without holes compared
to 1272 kg/ha with holes. The averags yield increare jis higher than the
opportunity cost of labour. If this is confirmed, this operation must
be mechanized, (IITA~SAFGRAD, 1983).

Mulching. Mulching consists in leaving on the 30il surface all or part
of crop residuss. The objectives of this technigue are many (LAL, IITA,
1983):
(1) to prriect the soil:
(a) by limiting runoff and, limiting 2rosion a3 a consequence,
(b} by reducing evaporation;
(2) to raduce soil tillage by avoiding to turn up the surface
horizons;
(3} to enrich the soil with organic matters and increase the acti-
vity of the mesofauna {earthworms).

veelens
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Effect of the position of the crop along the toposequence and
the tied ridges on maize grain yield at Kamboinsé, Burkina,
1983, Average of two seeding dates.
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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 technigue.
However, it must be noted that its efficiency dependson the quantity of
straw present on the soil. If the harvest of the previous year has been
poor, the quantity of straw will be poor and the protection will be re-
duced. In case of heavy raings, on a sloping soil, this strisd may be
carried away. Thus it was demonstrated in Senegal that ° harvest of
1500 kg/ha of millel yielding 4 t/ha o straw is not enousgh to ersure
adeqguate protection and that the tomnugse must be doubled with contribu-
tions from vutside. In gencral, the coveroge 1s adequate in humid zones,
whereas in the dry zones where the role of infittration is primordial, it
is difficult to produce the jquantitics required (Chopart, Nicou and Va-
chaud, 1976).

To be efficient in termc of moisture conscrvation and evaporation
control mulching must be nssociated with weeding.

During the cropping cycle, it is somewhat efficient in reducing
evaporation as compared to bare s0il; it, xiso makes it possible to store
water, but it may favour decp seeping inasmucii as the root system of the
plant is not adequately developed, which is the case in the absence of
tillage on soils with medincre porosity.

The drawback of mulching when used alone 1s that it does not allow
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
mitigate this drawback, cne tries to associate it to techniques of soil
tillage on the row bul the results are far t'rom being convincing.

Thecretically, one could think of taking the residues out of the
field, tilling and Lhen bringing the residus back. But this would require
too much work and it is preferable under these conditions to make manure,
compost or simply to incorporate the residues directly into the soil.

The presence of this layer of undecayed organic matter at the soil
surface gives rise to other problems.

(1) the problem of weeding: vne must resort to different herbicides,
that is, to certain technolopies,

(2) the problemof mechanicul seceding which can be settled only by
motor traction,

(3) finally, the {rper must hove an adequale quantity of straw.
But ir th- semi-arid West African Zone, Straws arc used as
animal feed, ac fuel or as construction material, Therefore
it is in “he zones whers the problems of hydric supply are the
most crucial that this technioue is less likely to be put in use.
But it remains very intercsting for zones recently cleared, in
tropical humid environments on soils with good structure.

ceelenn
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CONCLUSICNS

We have tried to recapitulate in one table (Table 9) the erficiency
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 fourthcolumn 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 deermine 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
runoff, increase of infiltration), but that they do not have the same
effects on the use of this stored tater by plants.

The ~.sential difference, in terms of their efficiency, lies in their
capacity ’.o facilitate the development of the crop root system, particular-
ly at the baginning 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
the residues are used or of deep ploughing when motorization is @ luxury
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 choicermust be made in relation to the situa-
tion which ore is undergoing.
VAT
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Effects of different techniques and problems raised by their applicaticn.
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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, Burkina Faso.
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Credit Cash payment Total
TOM 14 Plough 20 380 400
BM, M Plough 184 259 443
Houe Manga 148 252 400

The figures in Table 2, covering the Ziga and Sabcuna areas were ob-
tained from an "animal traction” survey carried out in 1982,

Table 2. Figures for farms using animal traction.

Ttem of infermation Ziga Sabouna
Size of sample surveyed 60 50
Animal traction, % 351 35
Farms with a plough, % 20 35
Farms with a houe manga, % 25 15¢

1At Ziga: Some farms had a plough and 2 hoc and others had only 2 houe man-
ga.

2At Sabouna: Animal traction farms all had a plough, in effect the 15%
houe manga corresponded to multicultivators (hoe+plough+ridger).

The introduction of snimal traction at Ziga began as far b.ck as 1965
with the sale of houe manga (donkey traction)., At Sabcuna, farmers purcha-
sed the first ploughs on o cash payment basis at the Ouahigouya market a-
round 1970 {groundnut and cotton sales). Following the creation of village
groupings (1972) various credit operations enabled the farmers to purchase
equipment,

Ir almost all cases, tarmers adopted animal traction (horses ot times
but rarely donkeys). At Ziga, a certain number of farmers preferred working
the soil with the houe manga (faster). At Sabouna, the first hoes (weeding
triangle) were obtained 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. £t Sabcuna, the latter was introduced by the
Research/Development Program in 1983 and 1984. At Ziga over half of the
animal tracticn farmers ueeded mechanicallvy. Cereal ridging with ridgers
was not practiced at Sabounz where there were 20 ridgers (there was only
one at Ziga).

]Apicomn multicultivator: wn equipment combining the plough, the three or
four teeth weeding triang.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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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
Treatment 1982 1983 (straw) sorghum millet

kg/ha

Direct sowing 1083 159 157(1324) 1 69
Flat tillage 1378 609 204(2538) 166 130
Ridging (0.80m) 1267 565 1341803} 421 258
Ridging (0.60m) 1255 - - - - -
Flat. tillage, then ridging,
then tied ridging (3 weeka
after) 1314 725 - - 118 -
Direct sowing f{or culti-
vation) then repeated
hoeing (5 to 6 times) 1099 535 381(2248) - 346
Flat cultivation ancd tied
ridging - 863 236(1730) 89 348
Flat tillage, then tied
ridges - - 217(2931) 330 456

The t.ial at Sabouna in 1934 was almost completely destroyed by drought,
At Ziga a positive effect of treaotment involving mounding and ridging was no-
ted with the local millet after sowing. Before sowing, these two treatments
were ploughed or cultivated.

Due to problems posed by successive drought periods, this first experi-
mentation phase can only enable us to druw prrticzl conclusions for the time
being:

(1) Any scil tillage techniques largely surpass the direct sowing

control.

(2) In a normal year (if ic estimated that 00mm of appropriately
dictributed rains suffice for a 90 days millet) flat tillage
is equivalent to ridging treatments.

(3) The two ".)ternative" treatments (not tilled before sowing but
ploughed from then cn) are not rejected for purposes of pre-"¥-
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. 1In 1981, veluntary farmers from Sabouna
were proposed a land improvement technigue package: ploughing + manure
(5t/ha) + mineral manure (NPK or natural phosphate + uraea) + conveniently
timed weeding. This technique was maintained up to 1984, We developed
soil working trials in the two areas in 1984 and partially in 1983.
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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; Jabouna, 1983-84. The
objective of this test was to evaluate the effect ol lowland cultivation
with three sorghum varieties. It was noted that farmers Jdid not work

on this type of soil because they considered it too tedious for the trac-
tion and less atttractive from the point of view of yleld.

The responce given to tillage was high in rvespect to the two impro-
ved varieties which cxhibited their genctic potentials in spite of low
rainfalls (table ©). Apart from beneficial effects of ploughing on the
rooting system (it develops faster with oloughing on this type of clayey
50il with a uniform structure) and water storage at the inicial and final
phases of the cycle, it io worthwhile noting that soil tillage also helps
in cnecking weeds. Where tarmers have Lheir plots on the lowlands, weed-
ing constitutes the major limiting Tactor to corghum cultivation., Some of
the farmers who paid visits to these trials in 1933, nloughed their lowland
fields in 1984,

Soil tillage trials ¥ sowing date; Sabouna, 1983,  The objective of this
Trial carried out on Tarmerc' (i6lds was to compare thres sowing dates and
three soil preparations:

(1) direct sowing,

(2) farmer tillage,

(3) tillage with 1RAT traction equipments.

Table 5. Results ¢. corghum trials on lowlands: mean yield of the four
plots at Sabounz,

1983 1984
Variety Ploushing Ho pluughiing vlouging No ploughing
ke/ha Lz /hia
IRAT 204 2470 1206 + ALY 2404 1874 + 28%
IRAT 202 2220 1531 + 45% 2328 2047 + 4%
Local 1940 1516 + 45% 1734 1226 + =

The idea of thig protocol emanated from the fuact Lhat farmers were wai-
ting until the end of Juno or July befors bepinnine »o nlough (this timing
helped to eliminate the first wecds) certain rields (very often for ground-
nuts) while reserving the effect of the first rains for direct sowings.

This conflicted with extension recommendutions which specify that plou-
ghing must go with the first rains.

Without ploughing, yield was very lov irrespective of sowing date,
around 1 gx/ha (Table 6). Flat tillage made it possible to obtain a produc-
tion level aronnd 3 Lo 4 gqu/ba. Dven if this tevel of yield is low, this
difference of  qw/lec i signiticmt 10 we consider the food situation of
the farmor and his tom®iy. The plourhing made by the farmer gave lower
yield than that of plot under LHAT manacement in two out of three cases.
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Paradoxically, plots that were soun late produced the best yields.
This is understandable ir. so far as millet is highly sensitive to photo-
periodism. Furthermore there were several phases of the drought (second
10 days in August = 20mm, third 10 days in August = 80mm) affecting parti-
cularly the early sowings.

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

Zoil tillage Sowing date Yield
kg/ha
Direct sowing 26 June 107
Farmer tillage 26 June 180
IRAT tillage 26 June 331
Direct sowing 4 July 90
Farmer tillage 4 July 261
IRAT tillage 4 July 371
Farmer tillage 11 July 412
IRAT tillage 11 July 361

Tied ridges test; Ziga-Sabouna, 1984. In the course of our contacts with
producers rrom two villages we made the proposal to compare the following
three soil tillage techniques:

(1) direct sowing,

(2) flat tillage before sowing,

(3} ridging, then ridge tying onc month after ear emergence.
Due to the June-July drought, farmers could not perform these tests. Rid-
ging required a soil-moistening roinfall of at least 20 to 25c¢m.

In 1984, farmers ploughed even thourh soil dampness ranged between 10
and 20cm depth. The test was resumed in August on plots where there was row
cropping but where ne prior soil tillage had been effected, comparing flat
weeding and tied ridges. A look at the effect of tied ridges on grain pro-
duction shows that the vield obtained was low {Table 7). This proves that
a month or o month and a half after coging, LU Lo difficult to "receover"
the initinl situation (i.e. in this casc, dirccl cowing which does not fa-
vour crop vepetative growth) On the other hand, it was too late when
farmers ridged (95mm of rains were recorded ot Zipga after August 31 and
73mm at Sabouna), making it ‘mpossible to store large quantities of water
for the end of the millet cvcle. On some plots, the etrect was either nil
or negative (light sandy-gravelly soil). This technique involving ad-
ditional work at the second weeding, must only be applied for certain soil
types and areas with pronounced run-off.
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Table 7. Results of tied earthing up trials on millet.

Sabounal Zig32
First Last First © Last
earthing earthing earthing earthing
Treatment up date up date Yield up date up date Yield
kg /ha kg/ha
Flat weeding - - 183° - - 198"
Tied earthing
up August 20 August 27 280 August 20 August 31 270

1Mean of 7 locations,

ﬂMean of 9 locations.

STwo weeded plots gave no yield.
40ne weeded plot gave no yiell.

Obaervation of crop profi‘es after tillage. A soil tillage technique must
First of oll be asscs.ed 7.t the level of crop profile. In 1984 we made
several series of observacions on plots tilled by farmers after June 28
rainfall (15 to 20 mm depending on Sabouna village so0ils). These obser-
vations are presented in the form of diagrams.

The profile (Fig. 4) is dry on July 2; no moistening tront. The
tillage was achicved on Junc 28 on a rather dry soil, hence the presence
df quite hard thick clods on the tillage strips. ‘The [ine soil is located
in the furrows.

Millet
. stump

cm

Fig. 4. Observation of crop profile after tillage (K. Salif -~ 1st obser-
vation).
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Horizon tilled dry to wet (Fig. 5); the hardpan is wel; no thick
clods; small crumbly clods. Tillage more regular, deeper {9 to 15 cm).

20cm
/—\____,/ 15
10
5
4 0

Fig. %. Observation of crop profile after tiliage (K. Salif - 2nd obser-
vation).

From these observations the poor yuality of tillage offected by Sa-
bouna farmers can be noted. This is mostly duc to the spacing between
passes of the plough. Farmers tricd to plough the field too rapidly and
carclessly which resulted in depth and profile irregilarity. The plough
is sometimes leaning and thus creates here and there poorly ploughed
areas which arc detrimental to rooting.

Tn Fig., 6, the farmer achieved very aneven and spaced tillage. The
pass of the plough (too much leaning) can be clearly observed. The til-
led horizon is dried ups; the underlying horison is wel up to 25 cm in
depth.
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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.

/ ,[’/ cm Q

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

Ideal tillage (Fip. 8) is difficult to achieve at such a date due to
the low rainfall - depth ranging between 15 cm and 20 cm. - tight til-
lage shtrips - pass every 20 - 22 cm. Horizon compused of clods and fine
soil.

4 /r—7t7:;__ ulend W/ 2 O

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

Farming timetable: utilization cf animal traction equipment on three farms
{n the Yatenga. We present below three cases studied since 1982 to deter-
mine the degree of animal traction utilization by the producers. We shall
mainly refer to the 1983 farming season. 1984 may be considered as a very
oxceptional year and not in the least conducive for s0il preparation befo-
re sowing.,

1t must be noted that these three farmers do not weed mechanically
and do not practice row cropping. The nunmber of active workers (Table 8)
on the farms helps to synchronize villing and sowing on all Lhree 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 Numbcr of

farmer equipment 2quipment 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 lurrower 2 oxen
1973 (re-
paid 1981, {but not uced
ORD credit) ORD credit
1 horse 7

The importance of sorghum on these three farms is worth noting (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 averapre which is around 0.8 ha/worker.

The distribution of soil types according to farms is very <ifferent
(Table 10). However all these farms have fertile Jands which are dif-
ficult to plough cither locwlands or on piedment (brown cutrophic soll of
the depreasion). These soils are however tillable if the rains are suf-
ficient at the beginning of the rainy season (these soils moicton mere slow-
ly than light soils). Gravelly soils are of minor significance ant the
farmer, Abdoulaye can not ever plough the hilly lands which are too sloping
and steny. We canthen estimate the size of tillable and easily tillable
area for threce farms (this corresponds Lo light soils).

Table 9. frop rotatinon in 1983, including individual fields,

Sorgh- Per
Mil- um/ Sesame/ WOor-
Farmer let millet Groundnut Maize Rice Cotton sorrel Total ker
— hia
Abdou- 2 2.55 0.¢0 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. Distributicn of soil types.

Brown Size of
cutrophic Hilly Clayey sacily
or clavey Grave- low- low- Size of til- tillable
Farmer sandy elly sandy land land latle arca “rea
'}/J] -ha
Abdou- 54 7 17 22 - 4,08 3.57
laye
. (78%) (59%)
Salif 9 i 37 - 47 4,72 2,50
(100%) {53%)
Mahama - 7 73 - 20 8,3% ¢,63
{ 100%) (30%)

TPercentace of total cultivated.

Soil preparation Jates in 1922, 1983 and 16834,  For cach cropping season,
raintall days and days of tillage by rfarmer are graphically represented
(Figs. 9, 10 and 1i).

Days for soil, preparation.  bBxternal ploughing corresponds Lo the hiring
of services to another farmer or to a Fulanl horder (cos obaerved in
1984}, It was in 1983 vhat faemers mostly ploughed {with the plough, no
shallow culbtivation with the hwoe). The nember of available working days
in 1983 exceeded those of 1680 and 1944, loreover, plots were directly
sown in 1082 after Lhe May early ralos {irom Yay 7 to Moy 30). As a re-
sult, the number of werking days in 1984 was greater than on equal to tue
number of worving days in 19gl.

Date of soil preparation.  Fxeeplt in o few cases, farmers mostly ploughed
in July and even at times in August cad during the last 10 days in June.
Farmers rarely utilized the carly cains (thoue of May 1982 and May 1983)
even on lowlands where the punoff vrovides some water. It is necessary
Lowever to draw attention to some ploughing trizls on lowlands at the
beginning of the rainy seasong May 27, 1984, Mahawma; June 111934, G-
1if; June & and 5, 1787, Satil, On the other hand, farmors may net he-
sitate to piough nnd sow late in the season, after culyv 153 in 16L2 al-
must 40% of soil preparation days were after this dote. The same thing
happened in 1984 when rains occurred around Iate July, —arly August.

In July, thece farmers feel that sowing is only possible (millet or
groundnut or early IRA1 204 type of sceoghum) df the soll is tiiled.

Groundnut maize and scoame Piclds are systematically ploughed (as
well as individual fields) and sowed lately. In 1982, the farmer Sa-
1if, tilled fields on areas next to lowlands and then grew sorghum on
these areas. This late tillage (July 3 to 6) was inevitable since he
would not have sown ea~lier (witn the May 26 or June 10 and 19 rains) iu
view of grasses that had grown on theoe plots by that time, he pralerred
to plough the lowland.
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ABDOULAYE 8 dnys; 1.37 ha; 0.17 ha/day

12 Work related to.

4 Sohum Millet Peanut Maize Sesame off-Farm

A ;

I | ;

| l ﬁi
1 SALIF 13 days; 2.°5 ha; 0.17 ha/day

8!

4] At

T .l ¥ L A ™ v g iv -+ I
MAHAMA 6 days: 0.80 ha; 0.13 ha/day + 1 day of labor off-farm
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ABDOULAYE 19 days; 3.02 ha; 0.10ha/day + 1 day off-farm
Worl: related to:
12 Sorghum Mitlet  reanut Maize sesame O - arm Rice
{
lu
n r v . 7 iy -
3 SALIF 1o days; 7415 hat 0013 hazday + 4 days of T=farm
I}
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W
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MABAMA 16 days; 3.70 ha; 0.23 ha/day
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50 3 mm, May 17
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Fig.

10. Rainfall and number of days of ficldwork, 1983,
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ABDOULAYE 10 days; 1.70 ha; 0.17 ha/day
Work related to:

Sorghum Millet Peanut Maize Off-farm

I T
|

v ¥ r v \ad v T Y A v

SALIF 11 days: 1.71 ha; 0.1% ha/ha

A0

T v Y r ™ v T

MAHAMA 12 days; 2.52 ha; 0.21 ha/day + 3 days of labor
off=farm

(S

v Y Y T v v g A2 A v T

4 mm, May 23
11 mm, May 26

L1 lﬁuli.lsll.l.
25 1 5 10

5 10 15 20 25 1 10 15 20
June July August
Fig. V1. Rainfall and number of days of fieldwork, 1984,
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Table 11. FEnumeration of ploughed areas according to crop, 1983.

Crop
Farmer Millet Sorghum Grouncdnut Maize Kice Sesame
T
Abdoulaye 61 R ] 5 - 6
Salif 283 44 23 4 - -
Mahama 5 - 0 - 3 -

Tilled and tillable areac. draft oxen are rarely capable ol working at
the beginning of the rainy season due to the scarcity of fodder (farmers
do not have the necessary {inzncial resources for purchasing concentrate
bran, cotton grainsz and cotton cecd enkella).

The averase arcn of land tilled per tay docs not exceed 0003 hecta=-
res and in fact the average ic around 0,17 ha/day.  Post-tillage secdbed
examinations have however shown thabt farmers do not properly space suc-
cessive pasoes during ploushing. Farmers spoce Juccessive plough passes
widely apart to make a time saving of 30 to 507 a5 compared to sorrect
tillage (20 cm spacing). Studies made on soll preparation at oxperimen=-
tal stations indicate that o palr of oxen are capable of ploughing about
0.25 ha deily,

Here, Wwe only take into consideration, estimates of tillable areas
based on soil type (see Table 10)., It is not pussible Tor Mohama to till
6.68 ha per annum using a single traction (in view of the limited availa-
bility of working days, Tuble 12). S41if is the most regular, where bet-
ween 75% and 90% of ensily tillable areas are tilied (ecur argument rol-
lows these lines in view of the technical standard off the farmers and the
condition of the deaft animals.

Table 12. Tilled area, tillable and easily tillable arcao.

Tilled arca

tasily

Tili- till- 1962 1483 1584

Wl shle % ) o s KA %

KYACH! 0N ot of ooy of of
Farmer Ay (13 31 A i i i I3 Ha A B
Abdouiaye L LY 1.37 200 38 3,02 44084 U700 360 43
Salif [ I Lo 4R 90 O 4, B 1,77 36 68
Mak.ame R Ll (I TE R [ B P .90 44 7 SLbl a0 37

1. i ) ) . ‘ B .
The cultivatod Land boediy varios {from one year to tne next., Fallowing
is almost ntl.
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(Shanan and Tadmor, 1979). The parriers collected rainfall surface runoff,
thereby enhancing the survival of the trees planted therein.

The microcatchments were constructed collectively by the members of
each groupement on collectively owned fields. Several participants also
tried :ne experiment on their own fields. Choice of sites was left to the
discretion of the farmers, but while encouraging experimentation, the pro-
ject personnel suggested that the more degraded ureas nay be of interest
due to the abundant runoff available for collection.

An iterative process was used throughout the period o 1974 to 1982
whereby observations were solicited from the participants at the end of an
activity or season. Intergroup vizits Lo other farmers' rields increased
the breadth of the observations. The rurmers! observations were ovaluated
by the project through direct mcasure (e.r. percent tree survivai) or sub-
jectively. Any innovations or orientaiions were thon sugprested for testing
in the following seazon or session.  Through Lhic process the original
rectangular network of microcatchments was changed to a open ! fform to
reduce the labor input necessary, and local rice wns oown in some ot the
waler catchment plots where the water and soil cliracteristics scemed sui-
table to the rfarmer. Sorghum was iccidentally soun in come plots along with
the trees. AL the end of the Tirst season the farmers wero especially en-
couraged by the success of bhe coreal erops and in subcequent years action
was oriented more towards cereal crops. AL the end ol three years three
definable aspects were apparent in the farmers' orientations

(1) apricultural production gominated the participants' interest

more thar planting treens,

(2) the number of private ficlds with barriers outnumbered collective

t'iclda,

(3} the individual trinls reflocted an appreciation for techniques

and consbruction metlods of 1ecal oriping bub which had rallen
into disuse.

Two wspecls of the initinl orientation remained in the farmers’
trials :
(1) the treatment of degraded soile ard abandoned tields,
(2} the capture and exploitation of runoff watcr.

The innovations noted in some of the ndividual farmers' trials were
primarily the placing of barriers across waterways. Those barriers were
made with bundles of stalks or branches [ixed to the ground with stakes or
low walls of rock or rock/earth. The most officiont in terms of water
retention and labor input were those boarriers which followed the contour
lines.

Two inctruments ontroduced by Lhe project in 16962 prosented the pos-
sibility of determining conbtour lines Lo the farmers. A 'triangle’? made
sf wood with a plumb line, was not appropriate beciuse o' the wind and low
slopes. arter a year of trials in the handz of Unrmrs the twater tube'
appeared practical and precise.

At the eond of 1922, the spontan2ous adopiion of the trials by over
100 farmers, the spectacular reclamatlion ot _averal degraded fields! and
the feasibility of the water tubes convinced the project personnel that
it was poper to initiate an extension phase.

1 The farmers in the village of Kao treated an abandoned terrain with no
1A' horizon and produced 12C0 kg/ha of paddy rice and sorghum in 1981,
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The approach used in the extension phase resembled that defined

during the first phasc:

(1) training was given directly to tarmers; the extension agents
of the Regional Devclopment Organization who wantcd to partic-
ipate were trained along with the farmers,

(2) intergroup visits werc used to facilitate observations and the
exchange of idens between inovative farmers,

(3) the empirical nature of the activity was underlined: Sarmers
must adapt the technigques to each situation.

Training of farmers (and extension agents) concerned principally
the use of the water tube to determince the contours. Arter each two or
three day training session cach groupement wan given a water tube and
the members werc invited to try the techniques on their private fields
(results from collective fields were often discouraging or unrcpresenta-
tive).

RESULTS

By 1984 training in the use of the water tube had reached over 500
farmers in more than 100 villages of’ the Yatenga. A survey of 313
fields treated by farmers using the water tube was pertformed to charac-
terize the application and techniques. Typically the farmers constructed
barriers of 10 to 50 centimeters high and 10 to 100 meters long or longer,
placed along the contour lines as determined with the water tube. The
barriers were constructed on individual fields rather than on a large
scale such as the watershed. Barricrs werc mostly of permeable design,
permitting runoff water to pass either through or over cach barrier.
Construction materials used for the barriecrs were rock, stalks or
branches tied in bundles, or live vegetation {(grass, Euphorbia spp.,
etc). Barriers constructed with only earth were rarc. Rocks were
greatly the preferred material and farmers would transport rocks with
donkey carts from distances up to 4ok,

Spacing between barricrs was chosen by each farmer and varied from
10 to 50 m for slopes of 0.5% to 2-3%. If because of shortage of labor
(the principal constraint) a farmer was unable to construct barri:rs at
a proper spacing; he would construct a few barriers at large spacings
across the entire field during the first year und add other barriers
between the existing ones during following years.

Fields chosen for treatment were bush fields in 70% of thosc
surveyed. In the most degraded zonec of the Yatenga around OQuabigouya,
45% of the fields were on abandoned Tand-=barren, crusted soils. Bar-
riers ware oriented to permil the capture of cheel flow originating
from the degraded surfaces upslope trom theoe sites,  Indeed, for one
third of all fields surveyed, farmers made o point of diverting water-
ways into the fieclds.

The majority of treated fiolda receivad no other soil treatment
(58%). Only nine percent werc plowed with animal tracticn, while 33%
were treated with "zai" (water pockets) which represent an efficient
traditional method ot water harvesting and management of organic matter
(e.g. manure). Hanurc was applicd to 60% of the treated fields, and
those who used "zai" always associated manure with the pockets. Less
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than 2% 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.

Economic analysis. Certain costs and bencfits associated with the
treatment of ficlds were evaluated from the point of view of the farmer
and the project.

Project costs per hectare (Table 1) include all real annual expen-
ses of the project,, less salaries of governmental personnel, without
depreciation of capital expenses (vehicles). It is intended to give an
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 Cost/ha

CFA ha CFA
1981 5,400,000 7 771,400
1982 5,400,000 62 87,100
1983 13,600,000 150 90,700
1984 13,345,000 327 40,800
1985 10,400,000 600° 17,300

1Annual budget for 1985,
Projected.

Average grain harvests of sorpghum and millet measured on 100 me
piots placed in treated and untreated fields from 1981 to 1984 are
presented in Table 2. The choice of antreated {(control) fields presen-
ted a problem in those cases where the treated field was on an abandoned
site: a contrel field on the same soil would produce nothing. In those
cases the control fields had the ndvantage of being situated on soils
superior to the treated fields.

A1l yields reflected a decrease in rainfniil from 1981 to 1984, but
the difference between yields of control plots and treated plots became
increasingly sipnificant as indicated by the Z-test, In 1984 the average
yield per hectarce on treated fields wag 290 kg as compared with 155 kg
on control ficlds: an average incrzase of 135 kg/ha.
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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.
Fertilizer application required 40, 20 or 75 additional hours of labor
per hectare when applied, respectively, in the seed rows, or in pockets
at 10 to 15 cm from th= seed pockets. The labor hour figures are all
expressed on a man-hour equivalent hasis weighted as follows; one male
hour { = 15 years) = 1, one female hour ( = 15 years) = 0.75 and one
child hour ( = 15 years) = 0.5. The labor data, whicl. was gathered on

a farmer recall basic, showed a large variation and with the help of the
field staff, the data was carefully screened to arrive at the figures.

A 40 CFA/hr opportunity cost for farmers' labor is used ir comparing the
economic return/hr of the additional labor required to construct tied
ridges and/or apply fertilizer.! This figure represents a best estimate
of the opportunity cost based on field staff observations. Grain prices
are the official OFNACER prices in the fall of 1934. The prices are

92 CFA/kg for sorghum, millct and maize. The fertilizer prices are the
the official prices (subsidized) in the spring of 1984. The prices are
78 CFA kg for 14-23-15, 28 CFA/kg for urea and 5 CFAskg for volta phos=-
phate.

Total rainfall during the 1984 growing season was considerably
below long-term seasonal average rainfall at all villages. Total rain-
fall (mm) was 514, 452, €32, 675 and 458 at respectivelly Bangesse;
Nedogo, Poedcgo, Dissankuy and Diapangou. At Bangasse the rains began
early in the season and continued reegularly until 15 August. Absence of
rainfall from mid-September caused severc drought stress in most cereal
fields during flowering and grain fill. At Nedogo rainfall was limited,
but occurred regularly and waz ndeguate for fair crop growth. At
Poedogo, lack of rainfall delayed seeding of most cerecal I'ields until

early July. Beginning mid-July, rainfall was excellent and continued
until mi-Octoter. At Dissankuy, lack of rainfall delayed seeding.
Throughout. the season several large but intrequent rains occurred re-
sulting in several periods of drought stross. At Diapangou, rainfall
was limited and infrequent until ecarly July. Rains were small but
frequent during September and October.

! Most of the agricultural lobor is provided by family members throu-
ghout the agricultural ceason. Although some farmers are able to nire
labor in peai: periods because of ~conomic or social stolus, little
labor is available for hire nat these timea. The 40 CFA/hr. opportu-
nity cost is he average of the wagd rates paid for hired labor during
the peak inbor period:z ol sceding, first weeding and second weeding.
Imperfections in the lator market account for the act that the wage
rates do not substantially change from period to period. However, the
marginal product of labor can be four to five times the average wage
rate in critical labor shortage periods (Norman et al., 1981: Roth and
Sanders, 1984).
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Experiment I. The experiment was conducted at Nedogo with manual traction
and donkey traction, at Bangasse with manual traction, at Dissankuy with
ox traction and at Diapangou with manual, donkey and ox traction. The
four treatments werc the following: traditional management practices in-
cluding flat cultivation and no tertilization, the control (C}; construc-
tion of ticd ridges (TR) one month after sceding and no fertilization;
flat cultivation and 100 kg/ha of cotton fertilizer, 14-23-15, applied in
a band at 10-15 cm from the ¢ows of sorghum two wecks after sceding plus
50 kg/ha of urea, applied in pockets at 10-15 cm from the seed pockets one
month after seedirg (F); and construction of tiod ridpes as described
above, plus fertilization as described ntove. Locally grown varieties of
sorghum were utilized.

The experiment waus conducted ot Dissankuy for the tiest time in 1984.
At Nedogo, Bangacse and Dinpangon the cxperiment was conducted in 1983,
and in 1084; treatments were ansigned to the same parcels as in 1983, At

Banpassc and Dissankuy, the exporimental design was o randomizes complete
vlock. Farmer's fields were repltications. At Hedogo and Riapangou, the
experimental design was i split-plot with whole-plots {types of traction)
arranged in a completely pandomizced deciyn.  Treatments werce the subplots.

Experiment II. The experiment was conducted at Nedogo with donkey trac-
tion, Bangusse and Poedopo with manual traction, Dissankuy with ox trac-
tion. Local varieties of malue were utilized. The two treatments were
the following: traditional manapement prictices including Jlat cultivation,
the control (C) and construction ut tied ridges (TR) one month after
seeding. It was planned that half of the farmers at Pocdogo and Dissankuy
{villages at which mulch was mesot available) were Lo apply mulch at 5 t/ha
to one of the two parcels after construction of tied ridges. It was
reasoned that farmers would huve access to sufficient mulch for one-half
of their compound maize field which in wsually very cmall in area. How-
ever, only four farmer:s at Poedogo and two farmers at Dissankuy had access
to sufficient mulch. We abandoned the application of mulch, although
these six farmers did apply the mulch. Compound fields, on which mnaize is
usunlly grown, arc relatively well fertilized with manures and organic
wastes, and rainfall is usually the most limiting constraint.

The experiment was conducted at pocdogo and Dissankuy tor the first
time in 1984. ¢ Hedogo, Bangusse and Diapangou the experiment was con-
ducted in 1983, and in 1984, In 1984, treatments were assigned to the
same parcels as they were in 1983 to capitalize on residual soil water
which might be present as a result of tied ridges in 1983. At ledogo,
Bangasse, Poedogo and Dissankuy the oxperimental design was a randomized
complete block. Farmers' fields were rep ications. At Diapangou, the
experimental design was a plit-plot with whole units (types of traction)
arranged in a completely randomized design and treatments were the
subunit=. The statistical significance of differences between maize
yield meaus of the two tpeatments (f1zt cultivation and tied ridges! was
determined by the t-test on pairs of observations. A pair of observations,
the yield for maize with flat cultivation and the yield for maize with
tied ridges, was obtained from each farmer's lield,
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Table 1, Econosic analysis cf farser eanaged triale of sorgh:s with fertilizer and tiso ridges, 1984,

Treataents 1/ Nusder
7] &  of
C R F R,f 5.E LY Forsers
Nedogo, Manual Traction
Grain Yield, kg/ha 157 LTS 431 452 73.1 L M 1
Yield Gain Rbcve Contral, kg/ha - 259 2N 495
gain in Net Revenue, CFA 2/ - 23828 13275 33807
Retura/hr, of Additional Laber, CFA 3/ - 218 140 172
1 Faraers Who Would Have Lost Cash - 0 22 ¥
Nedogo, Donkey Traction
Srain Yield, kg/ha 172 423 158 3 83.4 11 18
Yield Gain Above Coatrol, kg/ha - 32 182 500
Sain in Ket Revenue, CFA - 23184 4811 43287
Return/hr, of Ad¢itional Labor, CFA - hiL4 5t 755
1 Farsers Who Nould Have Lost Cash - v 30 0
Bangasse, Manual Traction
6rain Yield, kg/ha 293 456 016 944 145.0 82 12
Yield 6ain Rbove Control, kg/ha - 163 21 631
aasn in Net Revenue, (FR - 14296 17781 47999
Return/hr, of Additional Labcr, CFA - 150 187 246
1 Faraers Mho Would Have Lost Cash - 0 8 17
Dissankuy, Ox Traction
Srain Yield, kg/ha W47 588 681 855 15,1 19 ya]
Yield Gain Above Control, kg’ha - 141 234 408
Baia in Net Revenue, CFA - 12972 9593 23403
Return/hr, of Additiona! Labar, CFA - 173 10l 151
1 Farsers Who Would Have Lost Cash - 0 28 0
Diapangou, Manual Traction
brain Yield,kg/ha 135 N 729 1004 48.4 3 19
Yield Saia 8bove Control, kg/ha - % 394 6N
5a:r ia Net Revenue, C(FA - 20712 2415 49799
keturn/hr, of Additicnal Labor, LM - 7 256 253
I Faraers ¥ho Would Have Lost Cash - 0 2 0
Diapangou, Donkey Traction
Srain Yield, kg/ha 498 438 849 13 5.8 18 1%
Yield Eain Above Control, kg/ha - 190 5 438
Sain in Het Revenur, CFA - 17480 20339 44487
Peturn/hr. of Additionai Labor, CFA - A3 24 M
1 Faraees Who Nould Have Lost Cash - 0 U 0
Diapangou, Or Traction
brain Yield, kg/ha 454 704 M un 4.8 18 19
Yield bain Above Control, kg/ha - o3 MA "
5ain in Ket Revenue, CFA - 21896 223183 S3479
Return/hr, of Additional Labor, CFA - 292 2% 3
T Faraers tiho Would Heve Lost Cash - 0 3 0

17.C = control (no tied ridges or fertilizer); TR = tied ridges constructed one aonth after seeding;

© F 2100 kg/ha 14-23-13 two weeks after seeding plus 50 kg/ha urea one month after seeding,

2/ Met reverue = yield gain x grain price (92 CFA/kg) ainus fertilizer casty (78 CFA/kg for 14-23-13, and &b
CFA/kq for ureal, Includes interest charge for six sontds at rate of 153

3 Wet revenue/additional lador of tied ridging and fertilizer application. Manual, Dankey, and Ox traction
require 100, 75, and 75 hours of additional labor/ha fer tied ridging respectively. Fertilizer application
requires 93 addicionel heurs/ha,

A/ S.E. = the standard error of the difference between two treatment seans. CVL = cooficient of variation.
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Table 2. Econosic analysis of farser sanaged trials of maize with tied ridges, 1984,

Treataents 1/ Number
------ b/ of
C TR CV  Fareers
Nedogo, Donkey Traction
grain Yield, kg/ha 869 13058998 5/ 24 19
Yield Gain Above Control, kg/ha - 436
Bain in Net Revenue, CFA 2/ - 10112
Return/hr. of Additional Labor, CFA 3/ - 335
% Farsers Mot Covering Labor Opp. Cost 4/ 21
Bangasse, Manual Traction
Gbrain Yield, kg/ha AL} 4558814 62 12
Yield gain Above Control, kg/ha - 125
Bain in Met Revenue, CFA - 11500
Return/hr, of Additional Labor, CFA - 113
1 Farsers Not Covering Labor Opp. Cost B
Poedogo Manual Traction
brain Yield, kg/ha 1339 19538 g B
Yield Bain Above Control, kg/ha - b4
Bain in Net Revenue, [FA - 56488
Return/hr, of Additional Labor, CFA - 363
1 Farsers Not Covering Labor Opp. Cost 25
Dissankuy, Ox Traction
brain Yield, kg/ha Sbd 7258% 41 16 14
Yield Bain Above Con*rol, kg/ha - 161
Gain in Ket Revenu., CFA - 14812
Return/hr. of Additional Labor, CFA - 197
% Farmers Not Covering Labor Opp. Cost b
Diapangoy, Nanual Traction
brain Yield,kg/ha 443 72488 89 7
Yield 6z2in Above Control, kg/ha - m
Bain in Net Revenue, CFA - 25668
Return/hr, of Additional Labor, CFA - 257
% Farsers Nct Covering Labor Opp. Cost 29
Diapangou, Anisal Traction
brain Yield, kg/ha 978 1700811 4 7
Yield bain Above Control, kg/na - 724
bain in Net Revenu2, CFA - 56608
Return/hr, of Additional Labor, CFA - 888
1 Farsers Not Covering Labor Opp. Cost 0

17 € = 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 tied ridging. HManual, Donmkey, and Ox traction require 100, 75,
and 75 hours of additional labos/ha for tied ridging respectively.

4/ A 40 CFA/hr, opportunity cost of labor is used.

5/ 8,88,888, and 1400 indicate a level of significance of 0,2, 0.05, 0.02, and 0.01 respactively for
differences between treatments C and TR as determined by the T-Test for paired observations.

6/ CVI = coeficient of variation
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Table 3. Economic analysis of farmer managed trials of millet with valta phosphate and tied ridges, 1984,

Trrataents 1/ Nusber
i 4 of
C TR TR,F F F S.E. CY  Farsers

Nedogo, Manual Traction

Grain Yield, kg/ha 107 218 W 228 195 28.0 12 11
Yield Gain Above Controd, kg/ha - 131 W2 121 B8
Gain in Net Revenue, CFA 2/ - 12052 14029 2209 186l
Return/hr. of Additional Labor, CFA 3/ - 121 75 29 16
1 Farsers Mho Would Have Lost Cash - 0 0 ) 55

Bangasse, Manual Traction

brain Yield, kg/ha 220 782 449 251 VAN 40,3 19 17
{ield Gain Above Control, kg/ha - 63 U9 3 3

Gain in Net Revenue, CFA - 5796 16673 -4071 -1360

Return/hr, of Additional Labor, CFA - 58 78 - -

1 Farsers Nho Kould Have Lost Cash - 0 [} 39 59

1/ C = control {no tied ridges or fertilizer)s TR = tied ridges constructed one scnth after seeding;
F = 100 kg/ha volta phosphate applied in the seed pocket and 50 kg/ha urea applied in pockets 10-13ca from
seed pockets two weeks after seeding 3 2F = 200 kg/ha volta phosphate and 50 kg/ha urea appl:=d together in
a pocket 10-13ca fros seed pocket two weeks after seeding,

2/ Net revenue = yield gain x gru.a price (92 CFA/kg} minus fertilizer cost: (25 CFA/kg for Valta Phosphate and
46 CFA/kg for urea), Includes interest charge for six sonths at rate of 131,

3/ Net revenue/additicnal labor of tied ridging and fertilizer appiication. Manual traction requires 100 hours
of additional labar/ha for tied ridging, Fertilizer application requires 115 additional hours/ha for F and
75 additicnal hours/ha fer ZF,

4/ S.E, = the standard errar of the difference between two treataent means, VI = coeficient of variation.
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Table 4. Percent of farmers adopting tied ridges (TR), fertilizer and
new varieties by village, 1984.

Nug?ev Percent of Farmers Adopting
Village Yca‘s] Farmers TR Fertilizer Varieties
Nedogo 5 01 oY 10 10
Bangasce 3 52 3 0 0
Poedogo 2 o7 b 33q 41
Dissankuy 2 60 z Q7< 0
Diapangou 3 61 5 8 8
1

Number of years F3'" in villa 1984 was the first year for farmer-
managed trials at i.3:dogo and Dissankuy.

2 . . . -
The figures relate only to land sewn to cotton. Small amounts of

fertilizers are used on corenin,

Table 5. Average hectiro: of tectmolopy adeption, 1984,

Village

Technology Nedoro Pange Poedoro Digsankuy Diapangou
ha-
Tied Ridges L32 .03 11 .03 .18
Fertilizer VA6 3 o 3 .36
arieties .23 G 2 0 Rel

The characteristic that censistently showed the strongest relationship
to adoption in 2ll cas waa farm sizo. Farmers controlling larger land
areas are associated with adopting the technologics.  Perrin and Yinkel
mann {1976) found cimilar reselis with respect to farm size for new va-
rieties in countrics where varicty inteoductions were recent. Underlying
the sive effect zre the factors of economies of size in the transacticn
costs of cvaluating and ccquirimg new tochnolopics, differences in prices
for inputs and products, and difterence in land productivity (Perrin and
Winkelmann, 19v6). Civen that fmrmers with larpge cised farms nay be
the first adoptors of te.hnology as is suppested by thic preliminary ana-
lysis, questions concerning future income distribntion should be pursued.

SUMMARY

Three farmer-managed experiments were conducted on fields of up to
25 randomly chosen farmers in cach of one to five villages with manual
cultivation and/or cultivation with donkey and/or ox traction, Treatments
for the experiment with sorghum were o control, construction of tied rid-
ges one month after sending, feptilization with 100 kg/ha 14-23-15 plus
50 kg/ha ureua and the combination of tied riaging and fertilization. Treat-
ments for the experiment with maize grown on compound {ieclds were a con-
trol and tied ricging. ‘The third cxperiment, with millet, involved five

s/ o
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FOOD CRUP FERYILIZATION AND SOIL FERTILITY: THE IRAT EXPERIENCE

Christian PIERI1

The improvement and maintenance ol the fertility of" cultivated African
soils in the sub-saharan region north of the equator, has become a major
problem.

in effect, it has been noted that the rate of population growth on the
sub-continent is becoming one of the highest in the world and that agricul-
tural lands are getting impoverished following the upsetting of the delicate
balance between tie rate of land occupation (by man and nerds), the natural
fertility of soils and food production. The persistent drought plaguing
this part of the world since 1977 dramatizes the situation considering espe-
cially that forecasts for food requirements in the year 2000 indicate that
food production in Africa needs to be sreatly increased if Africans are to
be adequately fed by that time. This increase concurrently necessitates an
extension of cultivated areas of land, an increase in farming intensity
(number of farmicg cvcles per annum) and most impertantly, an improvement
in the productivity of soils, which alone must represont %1% of the total
increase {Table 1).

To meet this challenge, solutions must urgently be found to the protlems
of improving the generally low naturzl fertility of African soils. These
solutions depend on technical factors and conditicns, as well as the often
neglected social, economic and political data for each country.

For over the past 20 years, CIRAD and IRAT have jointly cndeavoured te
offer their contribution in finding the solution Lo this complex problem in
collaboration with several national research bodics (TSRA in Seregal, IER
in Mali, IDESSA in the Ivory Coast, IPRAZ in Burkina Faso, INRAN in Niger,
IRA in Cameroon and the agronomic research bodics in Touo and Benin), deve-
lopment units (JAED, SODEVA, CMDT, CIDT, ZODECOTCH...) and naticnal extension
services. Since 1974, there has also been an increasing collaboraticn with
agricultural scientists (Senegal Experimental Units) directly involved in
the research-development process that has been ushered in.

This experience acquired over a long period of time has rightly proved
that there can be no lasting and proper achievements, without a close col~
laboration between oll the rural development agents; agriculturists, exten-
sion officers, trainers, researchers, aaticnal rural development officials,
etc.

However, as recently emphasisedby the UNEP in a document, it is clear
trat: "the only condition for progress and improvement in the standard of
living is the institution of a valid agrotechnical base for an increase
in production",

This paper aims at outlining the synthesis of francophone agronomic
research contributions, and at formulating plans for agrotechnical bases
aiming at improving and maintaining the fertility of cultivated sub-saharan
soils, by stressing the major role that fertilization could play in stepping

1 Agronomist, Director of the Agronomy Division, 1RAT-CIRAD
Montpellier, France.
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Table 1. Contribution to increases in production, (90 developing
countries, 1975-2000),1

Contribution to increase

Extension of

cultivated Farming Increase in
Region areas of land intensity yield/ha
— o
g0 countries 26 14 60
Africa 27 22 1
Asia 10 14 76
Latin America 55 14 31
Middle East 6 25 66

1 Scurce: FAO, 19871,

up the productivity of soil by specilying 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 TNCREASE
YIELD AND MAINTAIN SOIL FERTILITY

Dimension of the problem, Fertilization plays an essential role in impro-
ving crop yields. Farticularly 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 threo major objectives:
(1) to guarantee food self-sufficiency and to satisfy the basic needs
of' farming houscholds,
(2) to maintain the fertility of the soil at an optimal level, and
(3) to reduce all types ol risks borne by farmers especially climatic
and economic risks.

This means that while looking Por the conditions required for an op-
timal efficiency in mznuring, 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 {arming
population on the sub-continent (Bird, 1981).

Potential role of fertilizers for increasing crop yields. IRAT in 1975
demonstrated in a synthesis of agronomic research ti-ials carried out from
1969 to 1974 that therc was a conziderable potentizl for increasing tne
yields of major African and ladagascar food crops.

Following the crior 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 100g/ha Madagascar, Ivory Coast

Sorghum 40q/ha Northern Cameroon

Millet 30g/ha Senegal



76 APPROPRIATE TECHNOLOGIES

Irrigated rice 904/ha Madagascar, Ivory Coast
Pluvial rice 70q/ha Western Cameroon

The major role of fertilization in raising yields to a high level has
been demonstratec throughout the area under study and particularly in the
case of desaturated ferralitic soils in the humid tropics (Roche, 1974)
endowed with good physical properties but chemically poor.

In the semi-arid tropics, the effects of fertilization were much
greater when fertilization was linked with soil tillage techniques which
improve the poor physical and water quality of crep profiles (Charreau and
Nicou, 1971). ‘

This is how cropping systems with gradual intensity were developed
associating manuring with soil tillage (Tourte, 1971). In this way the
most intensive systenms seem to be only ones capable of yielding high added
monetary values helping to maintain the productivity of soils (Tables 2
and 3).

Table 2. Effects of intensification systems on yields trom a groundnut-
millet-groundnut sequence in Senegal (Tourte, 19710,

Yield'

Crop 0 T TL
kg/ha

Groundnut 350 1090 1140

Millet 430 700 1020

Groundnut 960 1170 1070

10 = Control : without fertilizers, T1 = 150 kg/ha 6:10:10 on groundnut,
14:7:7 on millet-manual soil tillage, TL = 500 kg/ha natural phosphate
and NSK complements lor each crop-tillage with the plough.

Fertilization and maintenance of soil lertility. 1t is known that the iti-
nerant cropping systems, studied particularly by Greenland (1970), are cer-
tainly unproductive but they help mairtain the natural fertility (low) of
soils relatively well. Zich systems which tend to mirimize risks and efforts
(Norman and Binswanger, 1982) have a more and more 1imited future in view of
the pressure on the land.

Accordingly, it was shoun that seven years of’ tfallowing would be nceces-
sary for farmlunds that have been exhausted by successive millet and ground-
nut cultivation in Senegal to recover their initial level of natural ferti-
lity (Charreau, 1972].

However, fullowing is becoming rare (lands under fallow in the Senegal
groundnut basin now represent less than 2% of cultivable areas of land). This
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
Cozct, 15687 to 1978,

Deep ploughing
with the tractor

(30 cm)
Surfuce 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 389

1 Manuring replaced with 15t/ha manure cvery three years + 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 desicns {(and related written documents) iz provided in the
annex. It is worthwhile noting that many of these designs came into exise
tence over ten years ago and that the Saria Jdesigne (Burkina Faso) were
developed over 25 years ago.

Moreover, studies cr. “ertility trends have been carried out under
actual conditions of agriculturzl production such as those of 3iband {1972)
and Morel and Quantin (13%72), which help in establishing a distinct rela-
tionship between the dynamics of fertility on experimental plots and far-
mers' fields.

Lessonc drawn {rom these studics :ire summarized below:

(1) By applying tertilizer, continuous cropping is potentially pos-
sible uader the climatic and pedologic conditions pertaining in
West Africa: this is proved by results from Senegal, Mali, Niger,
Burkina Faso, lorthern Camercon and Central and Western Ivory Coust.

(2) Crop rotation and especially cereal - legume alternation (Fig.1!
Lelp to increase th= soil fertility.

(3) A= already explained, owing to its effects of improving the coidi-
tions of water supply to crops in the more arid zones, soil ti.lage
(ploughins) doos not only increase the value o moruring (Table s)
but in some cases, it also helps in continuvously improving the
productivity of lands when mineral fertilizers and harvest residues
are provided, in spite of the yearly raintall uncortzinties
(Fig. 2).

(4) In any case, in the semi-arid zones, a rapid evolution is observed
in fertilizer requ.rements especially nitrogen. These requirements
increase from year to year,

(3) After an initial pericd of continuous cropping spreading over two
(Senegal, Burkina Faso) to five years {(the case of Gagnoa in the
Tvory Coast), a fall in yi2ld and a decreasing etficiency of ferti-
lizers are observed in the case of Tarming systems using oniy
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b _ _ _ Intensive fertilization with ploughing
.= Low fertilization and soil tillage with the hoe .-

1500 } Traditional A ’

000 [

-—

Millet yield, kg/ha
3
o

0 A s A It 4 i s e
1967 1108 1969 1970 1971 1972 1973 1974
(1070) (:42) {907) (459) (616) {235) {275) {513)

Years

Fig. 2. Changes in productivity resulting from fertilization and ploughing
(G. Pocthier ).

Sorghum yields (tons of grains/ha) FMO

, t/ha

vield

orghum grain

a
fo)

A S p S N S H S

50 1065 1970 7975

Fig. 3. Fertility maintenance trial-Saria Sorghum-Legumes alternation.
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Fig. 4. Cvclution of maize yields under continuous cropping at Gagnoa.
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mineral fertilizers (Figs. 3 and 4): under the conditions of the
semi-arid e.vironmerts, mineral manuring alone, even if abundant,
can not help raise and maintain the rroductivity of continuously
cultivated lands at a high level.

(6) The effects of organic matter additions are diverse, depending on
their nature (green fertilizers, strawy residuns, coupost, manure)
and the environment:

(a) Marquette has demonstrated that iy order to rectore the
productivity level of Togolese varren lands (desaturated
ferrallitic soils, wet tropical climate with two rainy
seasons), it suffices to incorporate into the soil, green
fertilizers of the cultivated legumes for a period of 12
months or to restore the composted residues of the har-
vested maize.

(b) Velly and Lorgueval (1976) observed that the incorpora-
tion of maize stalks on the High Plateau in Madagascar
(very desaturated ferrallitic soile, wet tropical climate)
is very effective in maintaining yields and even increa-~
sing the organic matter content of soils.

{c) With regards to the semi-arid tropics, the numerous works
carried out by Ganry (1977-1984) and quoted in thes biblio-
graphy, as well as those of Chubalier (1976), Gigou (1982),
Pichot {1981) and Pieri (1682) tend to prove that as a
condition for maintaining crop yields and the productivity
of lands, already transformed organic products such a
compost and manure (Fig. 5) should be restored.

The establishment of mineral balance for these different cropping
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.

Mineral balance and evolution of the chemical characteristics of soils. A
Tecent document has been published on this subject for the semi-arid cli-
matic zone (Pieri, 1983},

For example, Tables 4 and 5 corresponding to the calculation of the
mineral balance established after 17 years of cropping in Senegal, indi-
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 exportea vy the harvest) is
negative.

(2) The apparent balance and the balance established from the evo=-
jution of mineral stocks in the soils (0 to 30 cm) are at a stri-
king disagreement: in effect, the nitrogen deficiency in the
soil far exceeds the picture given by the apparent balance; 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
terms used in these balances. Such factors as the soil internal
flows of organic matter minepalization and the f{low of mineral
elements in a form available from reserves, leaching, losses of
nitrogen gas, atmospheric contributions are all to be taken into
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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).

N P205 K20 ___Ca0
Terms,
Balance Control E Control E Control E Control E

kg/ha

E1 > -T46  -1731 ~178 =379 =411 -1095 -273 ~480
F+Nf+0 +252 + 956 0 +438 0 +1353 +346 4571
Balance -494 - 775 -178 +59 ~412  +258 +96  +91
1 E = mineral exports from the crops to the harvest.

2 F = fertilizers, Nf: guantity of N fixed by the groundnut (60% total N},
0: restoration of organic residues, Control: without fertilizers,

E: disseminated NPK manuring + restoration of cereal straw.

Table 5. Variation o” soil mineral stocks in total N, absorbent P20 and
exchangeabl: K and Ca, after 17 years of farming in Senega?
(Sarr, 1987).

N P50g K20 Ca0
Control1 E‘.Z Control £ Control E Control E
kg/ha
"Soil"
Balance ~1320 1200 +10 +55 +12 +44 =571 =1438

1 Control = without fertilizer.
2 E = with fertilizer ( Cf Table 4},

consideration in establishing the balance. It would be wrong to
limit these balances to a comparison of mineral exports with
crops/addition of fertilizing elements.

We may briefly recall the impact of under-gstimation of losses through
leaching and erosion and an over-cstimation of the effects of biological N2
fixation:

(1) Losses through leaching. Tables 6 and 7 referring to the semi-

arid tropics and humid Lropics give an estimate of these losses.,

Contrary to popular beliefs, the loss.s in the semi-arid areas are not
minor due to the very irrogugular rainfall distribution especially at the
beginning of the cropping cycle on very sandy soils.

It is interesting to notec that with traditional cereals, (millet and
sorghum), water and mineral clement losses are minor as compared to crops
which are less deep-rooted, There is also a close relationship between
nitrogen losses and Ca and Mg in the semi-arid areca.
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Table 6. Mineral losses through leaching under cropping in Senegal
(Pieri, 1982), Cameroon (Gigou, 1982) and Ivory Co.st (Chabalier,

1983).

Place Rainfall
(Country) (year)

Mineral losses

mm
Bambey 507
{Senegal) (1981)
Maroua 705
(Cameroon) (1975)
683
(1977)

Bouake 633
(Ivory (1981)
Coast) 532
(1981)

i o T ¢
Crop Drainage N Ca0 MgO k20 P2O5
mm | ¥g/ha/annum
Millet 9.5 0.8 0.40.3

Groundnut 100.5

Sorghum 2
Cotton 83
Maize 210
Cotton 260

0.3
25.1 54.1 13.6 5.2

TR 0.1 0.171R

2.1 43.7 12.3 1.7

6.1 36.4 26.2 2.4

7.1 18.0 6.6 2.0

TR
TR

TR

TR

TR

TR

Table 7. Mineral losses through leaching under fertilized cropping at
Arpangabe (Arrivets, 1981).

Drainage Mineral losses
Rainfall Crop mm
(Year) (Yield) (% rainfall) N K20 Ca0l MgO
mm g/ha - —kg/ha ——mM8m ————
1106 Groundnut 457 43,0 20.4 36.4 38.2
(78-79) (30) W41,3)
1297 Maize 393 39,0 14.4  43.4 28.5
(79-80) (46) (30.3)
Groundnut 420 51,0 15.6 51.8 41.5
(=) (32.4)
theat 490 37.0 12.0 28.0 44,8
(12) {37.8)
1209 Maize' 379 18.3 8.4  26.6 30.5
(79-80) (59) (31.3)
Bare1
Soil 717 102.7 58.4 109.2 102.4
(59.3)

1 Equal fertilization:
0,5t/ha KCL; Hov. 79 140N, 30 P205, 60 K20

Nov. 72, 2t/ha dolomite, 1t/ha Hyper Reno,
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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
erosive because they are three to 60 times more aggressive than in the
temperate regions. The resulting average losses of mineral elements are
within the following limits:

C = 80 to 1900 kg/ha/annum
N = 15 to &0 "
P= 3 to 30 "
K = 10 to 55 "
Ca= 15 to 70 "
Mg= 10 to 35 "

Table & gives some indications with respect to the average losses
{between 1958 and 1963) of elcments measured under different crops in
Madagascar.

Since the annual losses of soil do not follow any normal distribution
pattern (it is rather log normal), nutrient losses were estimated by
taking into account the geometric mean of the losses of soil.

However, these mean values conccal a largely diversified situation.
Thus, during the flat tillapge of maize in 1062-63, soil losses reached
67.8t/ha and consequently the mineral losses, measured in the solid portion
(soil deposited in the tank) and the liquid portion (suspension) were the
following:

"Solid" erosion nlL.iquid" erosion
Organic matter 2915 kg/ha 146 kg/ha
N 173 1 - "
p205 16 " 1 "
Cao 30 1 3() n
MgO 7 1" [' n
K2O [' 1 9 "

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" crosion iz the major cause of organic matter
losses from the so.ls. It also causes significant losses or nitrogen and
phosphorous. The run-off waters in particular, are the cause of losses Ca,
Mg and K cations.

(3) Symbiotic rixution, The quantity of nitrogen that is fixed by
a given legume in 1 piven place largely varies with the environ-
mental conditions, In the arid and semi-arid arcas, this quan-
tity largely depends on the amount of water available to the crop.

For different lemumes cultivated in Senegnl, wsanry and YWey {(guoted
in Wetselaar and Ganry, 1922) have given the following values of absorbed
percentage nitrosen obtained r'rom symbiotic fixation (Hf):

(a) 20 tr. 727 for the same groundnut variety,

(b) 0 to BEE for the same coya cultivar.

According to uhe authors, thes> perzentages are mainly influenced by the
dpeought periuds, the presence or absonce of’ mineral nitrogen in the soils
and/or the efficiency o the Rhizobium straine,
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Table 8. Average run-off values of lousses in land and mineral elements
under differert crop rotations (MNanisana Ambatobe~Madagascar,

1958-1963).

Maize +

("Pois mascatte'} Groundnut Grassland
Types of ——
losses Flat Ridges Flat Ridges 1st year 2nd year
Run-of' f % pmm
Mean, 1955-1963 1.5 7.5 11.8 1 4.7 0.7
Extreme values 5.6-17.1 6.2-11.3 3.6-16.0 T7.4-17.5 7.6=-19.4 0-1.2
Geometric mean 10.5 7.2 9.7 10.7 14.1 0.2
Erosion t/ha/annum
Mean, 19581963 19.1 3.9 12.5 4.1 16.1 0.1
Extreme values 1.0-67.8 2.6-5.0 1.4=26.4 2.0-5.6 1.9-33.8 0.1
Genmetric mean 8.4 3.8 8.9 3.9 1.4 0.1
Solid mineral losses
(Mean 1958-1963)

Content kg/ha/annum

MO 4.9 + 0.7% 412 186 436 191 559 5
N 2.42 + 0,58% 20 9 22 9 28 0.2
P205 0.526+ 0.215% 4 2 5 2 6 TR
Ccao 1.262+ 0.715% 11 5 M 5 14 0.1
MgO  0.176+ 0.071% 1 1 2 1 2 TR
K20 0.086y 0.030% 0.7 0.3 0.8 0.3 1 TR

In thes interesting ccse of groundnut (Table 9), it is observed that
insufti.ient raiafall can lead to a moderate decrease in yield (12%)
whereas Lhe N guantitv is reluces by almost 70%: groundnut then draws 75%
of its nitrogen requirements frcm the nitrogen and organic reserves conse-
quently contrnuting U0 impoverishing the soil.

Ac.ordingly, the following conclusion can be drawn: instead of always
improving the i balance of tie soil, some legumes can On the contrary
contribute to the nitrogen losses of these soils (Wetselaar and Ganry,
1982).

(4) Tonciusion. This brizf account of results obtained by agrono-
mists in francophonc Africa (anc Madagasczar) clearly demonstrate
that fertilization is a potent means for increasing crop yields
within the farmework of a stabilized agriculture.

fiowever, this intensification of crcps without stand-by lands (long
reriod of fallowing) poses particular acute problems in semi-arid Africa
as indicatecd by Pichot et al., (1981).

"Biyary mineral fertilizers (HP) or the ternaries (N P K) generate
yield increases for come years but deprive the soil of bases and cause an
acidification which is detrimental to crops. This situation relating to
the nitrate fertilizer addition results in the development of potassium
deficiencics and aluminium toxicities which can have a pronounced effect
on the establishment of scedlings.
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Table 9. Effects of rainfall on the efficiency of Nz symbiotic fixation
by legumes (Canry and Wey, 1982).

Percentage of nitrogen in the

Yield aerial parts obtained [rom:
{mohilized
Rainfall Crop quantity of N) Fixation Soil Fertilizers
kg/ha . o
Satisfac- Soya 2315 55 40 5
toryl (189N)
Groundnut 1420 66 32 2
(74N)
Poor? Soya 835 58 38 4
(68N)
Groundnut 1126 21 75 4
{S9N)

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 green
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 cotstitute a suffi-
cient and lasting means for avolding acidification and basc deficiencies.
Depending on the avplied 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 cof
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 crganic residues produced in agricultural farms, the
highest possible biological fixation of atmospheric Np and an optimum
utilization of expensive mineral fertilizers. The adaptation of these
technigues must be based on the cropping systems and the diversified
agroclimatic context of the sub-saharan zone,

PROBLEMS CONMECTED WITH "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
cannot lead to immediate depressive effects on crops (allelopathy,
nitrogen deficiency, loss of N-fertilizers).
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(3) What are the modes of organic recycling that can presently be
recommended fci* tropical West Africa?

fvailability of organic residues on agricultural farms. In tropical agro-
systems the exportable part of the plant is variable depending on the
farmer's production system and the domestic needs of his family. Cereal
re~idues are often put to use outside the field; in feeding animals, in
constructing dwelling places and in cooking. It is also clear that resi-
dues obtained from legumes are now considered by farmers as an essential
part of the harvest, particularly in the soudano-sahelian regions (rain-
fall, 10C0 ym}.

Surveys conducted in various Senegalese regions (Allard et al., 1983)
nas under real conditions, made it possible to evaluate the quantities of
residue rioduced and those that are likely to be recycled for agronomic
purposes (Table 10). So it is clear that the available quantities of
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
{Sedogou, 1981) in Burkina Faso. The scarcity of' fueiwood sources increa-
ses the collection of millet and sorghum residues and their use for fuel,

In areas with more rainfall, domestic use cf residues 1s 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 arecas
of the semi-arid regions in Africa.

Effect of organic residue incorporation on crop nutrition. Some studies
were carried out in Senegal to determine plant toxicity attributable to
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 except in the case of
incorporations made immediately before sowings. In effect, the biodegra-
dation of phenoiic compounds in residues require about three rainy weeks.

Other experiments made it possible to detect nitrogen deficiencies
in crops particularly in the absence of nitrogen fertilizers (Gigou and
Dubernard, 1978 and Gigou, 1980) and solely in the case of a massive
straw addition. When the quantities correspond to the normal harvesting
quantity (3 to 5 t/ha) with a repeated incorporation, only modest and
positive effects are generally observed on yield., Moreover, the incor-
poration of straws into soils have large effects on potassium balance
(Pieri, 1982) or on soil acidity.

Studies carried out in Burkina Faso indicate that composting of sor-
ghum residues supresses the '"nitrogen deficiency" effect (Table 11).

Manure scems to combine all the advantages: positive effect on potass-
ium nutrition, suppressicn of aluminium toxicity, and most of all, a very
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 been conducted on the effect of org:iic recycling

on the coefficien: of utilization of nitrogenous minerai fertilizers and
on the contribution of these fertilizars to the nitrogen of cereal ferti-
lizers (Table 12).
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Table 10. Availability of plant residues in central Senegal
(J.F. Allard et al., 1683).

Collec=- Avail=-
Zone Crop Residue tion Utiljzation ability
t/ha b t/ha
Northern Groundnut 0.7-1.0 o0 Animals nil
groundnut  illet 7.0-2.C 50-100 Domestic +
Basin Animals nil
Fallow 0.4=3.0 50-100 Domestic +
Animals nil
Groundnut Groundnut 0.7-1.7 100 Animals +
sub basin Sale nil
Millet 1.7-3.0 10-15 Domestic 1.0-2.5
Fallow ).46=2,0 10-15 Domestic 0.2-2.5

Table 11. Effect of different organic recsidues on sorghum yield al
Saria, Burkina (Zedeso, 1981),

Sorehum yicld

Treatment Wivhout nictrogen 60 kg/ha N
kg/ha

Without crganic treatment 1821 2796

10t/ha of sorzhum straw 1652 3427

10t/ha of' manurc 2400 3591

10t /ha of aercbic compost 2505 3688

10t/ha of anaerobic compost 2304 3601

Tt ic abzolvtely necessary therefors, to stress that organic residues
did not reduce the officiency =t nt n fertilizers whose nitrogenous
grains contribution’ i: dhout 280 on the cverige.,

Methnods for recveline orean.c rosiduzs,  How can cropping residues then
be managod?

Besides the teaditlonal practice (tut ineftective for nitrogen-saving)
of burning in the rountainons volcunlae urens, thers remain four possibi-
lities:

(1) mulching,

(2) incorporation,

(3) aerchic or enzerohic composting, and

(4) transformation oy animals.

1 Contributinn = (Fervilizer M) in the grains %
Total !l in the grains.
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Table 12. Effects of organic residues on the coefficient of utilization
of N fertilizers.

Coefficient of utilization
of 'N fertilizers

Crop Manuring Grain
(Location} Manuring yield 1st addition 2nd addition
kg/ha
Maize 1001} 4800 27 34
(Bouake) 100M+
5t/ha straw 5150 27 33
120N 1900 13 28
Millet 120N+
{Bambey) 10t/ha compost 2200 N 28
Sorghum
{Maroua) 50N 2870 40 42

1 Coefficient of utilization = (N fertilizer ) in the grains %
Applied dose of (N fertilizer).

Research on soil fertility carried out by 1RAT exclusively involved

the last three solutions:

(1) The practice of strau incorporation. Ploughing or pseudo plou-
ghing at the beginning of cycle. Several experiments conducted
in Senegal and Ivory Coast on this subject, shed light on the
considerable difiiculties that are involved in incorporating all
the residues, in a non-mnotorized cropping system. This solution
therefore does not secm to be [easible to be recommended for non
mechanized animal traction agriculture.

{2) Composting. This sclution considerecd for a long time as unrea-
1istic has the advantage of being carried out in various places:
on the plot itself, within compounds or group of compounds. It
can provide a prcduct that is morc easy to incorporate into the
soil than residues can be. inergy can evan be provided.

The transformation of cropping residues inte compost is possible
through the semi-aerobic channel: Corposting in a heap or pit or again
through the anaerobic channel by methanogenic fermentation producing
BIOGAZ.

These different possibilities have malnly been studied joinily with
ORSTOM in Senegsl und with CIFH in Burkina Faso. A prototype of a '"con-
tinuous digestor" "was developed by IRal and the biogaz has since the
past four years enabled Lossa (tiiger) to provide the necessary energy for
a pilot irrigated farm (Forest, 1980). From the point of view of soil
fertility however, the results obtained at Gagnoa (Ivory Coast) and Bambey
{Senegal) indicate trat composting cannot be the panacea. Especially
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 betweer. several
cropping residues (millet and sorghum stalks and groundnut shells) be they
composted or not. The treatment of the soil with raw organic residues at
a dose of 10t/ha or with compest at 8(/na does not rexlly enrich the soil
except in the cace of composted groundnut shellx.

This result scems to be of particular intorost in 2 country like
Senegal whers groundnut plavs a rajor econonic role.

It can b2 concluded thot cven If we ignore for the tirw oeing, the
monetary value of comport production chrouch a syoteratic und less expen-
sive production of Liogan and encrgy, wWe must not underestimate the advan-
tages that this "technolog LcaT package" could orfer ror the wet tropical
area where cattle ronxxnr is insignific.nt or nil but whore bicomass poten-
tial and availavbility is ni This "biomass channel" also se.ms to be
particularly appropriate aiculbural farm units at the rringes of a
permanent water supply pol irer valley, Senegal valley, revle and ponds
in the coastal part o7 Zenin, in;o, ate...) without following this chunnel,
let us not lose zight of the tset bthho this simple heup of gtraw which
gets comnposted on the reasible proctice which Le often used by
some Alrican rarmers (the Lomileke in Cameroon who loo tractice burningt.

Lol ic

(2) Manure, The development of aninm traction in certain arrican
regions signifc iy omoditied L reilationships for utilizing
the plant residucs which zre present on tie Cavm arbter hoarvesting,

Traditionally, clant rosiducs were consured by pomadic herds

during the dry season; at times, Lo utilization paved the way

for the ecslablishnee ) ' sarnera and herders,

rent. ol contrr botwenn

\

This iz bSecaugn nie orrtects of animal excretsn on 2ot Sertiliny are
well known, sparticularly in the sudano-sahelian ares,  The development of
sedentary aninmal rﬂaring naved the way for competition Vetween farners
and animal herders, Theroupon, spproprisiion of residue devoeloped whereby
the residue is careflly cathoreu and deposited in the [orm of stacks near
homes. In enclosures whore the sedentary herds ar: kept, animal oxcreta
keep accumulating mixing with the 5011 with a variable composition and
quite limited agronomic value (Table 13).

One of the activitics known to be capzble ot improving manure quality
is vhe construction of manure stable: for purposos of retrieving a less
earthy manure, mized with plant reluse.

Studies have also been carried out on the best nothods of manure
utilization (Sanry and Guiraud, 1978), 1t seems then that incorporation
is very useful in checking nitrogen Losses Lo the atmosphere and in limi-
ting the mineralizaticn of organic matter, Considering that the use of
manure can be ubilized and its preduction jmproved it refins the only
solution available " the df?l'U¢lU"11 semi-arid rogions and the animal-
rearing sudano-Sdnmll"n zone {or purposes of achieving = lasting increuse
in soil fertilit

Cenclusion., Irrespc:tLve of experimentual proofs with ther multiple
attrzction and cven tnge ne LSSLtj for recyciing orgunic residues, there
are several limitations invelved with thc systematizaticn of this practice
in African small-scule farming.
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Table 13. Average mineral content of manure sampled in the Tananarive,
Mahisy, Ambohimandratrino, Bevalala regions (Madagascar,
1958, 1962, 1965).

Dry matter content

Element Average c.V. Extreme values
%

N 0.68 32.6 0.43 ~ 0,96

P205 0.26 37.1 0.16 - 0,38

K20 0.59 42.8 0.36 - 0.84

Cao 0.12 61.9 0.06 - 0.23

Mg0 1.48 100.9 0.64 3.71

In the semi-arid areas, the b.omass produced in low quantity is used
in multiple ways impeding its rational usec, in the medium term, within a
policy framework of fertility maintenance which is vital for the fate of
agriculture in these zones. Tmprovement oI’ production and manure utiliza-
tion appears to be the only solution.

In more humid areas, there seems to be more possibilities but it will
be necessary to develop residue recycling “channels" which beside their
fertility maintenance ability will immediately provide farmers with the
additional effort (equipment, for transportation, watering, incorporation),
being requested from them. The channel, "biogaz + small scale irrigation",
is an interesting example. Here the compost produced directly on the plot
makes it a simple practice which can certainly be disseminated, and which
is already being applied by some farmers (Cameroon).

POSSIBLE IMPROVEMENT 1M THE EFFICIENCY OF SYMBIOTIC FIXATION
BY LEGUMES]

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-
tion species can play is not totally guaranteed and that it would be neces-
sary to develop cropping systems which will help draw near to the "potential
fixation".

For a given fixation system, this optimal activity is always redused,
in effect, by different factors; these factors could be related to bacleria,
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 H. Saint tacary.
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Table 14. Effect of inoculation, using different Rhizobium strains
on soya yields, Senegal.

Strains]
Effect Control USDA 138 local A local B
Dry weight of
nodules, mg/plant 236 1971 1730 633
Yield, kg/ha 685 1583 1087 682
Total grain
nitrogen, kg/ha 38.1 105.9 62.1 37.2

1 The plants were inoculated by soil application.

In a recent experiment (Fig., 9) soybean plants were first made to grow
in a nutritive medium at pll 6 for O, 1, 8, 12, 16 ... days, and then subse~
quently maintained at pH 4. It was obscrved that noaclation is normal when
the favorable period (pH = () is equal tec or cxceeds 10 to 12 days; produc-
tion (and efficiency) however, is only afrected when the favorable pericd is
less than two days (Samson, 1984),

Thus the nodule fermation phase is certainly very sensitive to acidity,
but there is the possibility of recovery because efficiency does not seen
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
favorable physico-chemical environment within a brief period (De Narie,
1968). This technique which is just a bit onerous would be as effective
as a massive application of soil amendment with the view to increase the ph
of the soil to a level normally considered to be satisfactory (pH 5.5).

These two techniques are presently being compared in Madagascar in a
soya -maize cropping system, becalse lime requirements might not be
appreciated from the btelavior of soya cultivation only but also take into
consideration the exigencies invclved with maize (sensitivity to Al and Mg
requirements).

(3) Farming practices., Table 18 and Fig. 10 illustrate the conside~
rable impact of soil preparation and manuring techniques on ground-
nut yiclds and symbiotic lp fixation = ploughing and additicn of
associated rmanure, with or without lime, has vroved to be very
effective in improving both the root growth and the erficiency of
symbiotic groundnut fixation which enjoys more favorable water and
mineral conditions.

It is worthunile noting however that intensification and enhancement
of the vegetative development of plants make the latter more sensitive to
water strrss. Since {ixation is one of the first activities cf the entire
fixatior system to be aflected, nuch care must be taken under semi-arid
climate conditions.



Table 15.

Comparison of Rhizobium strains cn soya.

.1
Local strains

Non- Mixture of 2
Characters inoculated G3 strain S4 SB OP strains C.V,% F Test
Number of shoots/hz 356,000 373,000 369,000 376,000 372,000 359,000 5.1 NS
Percentage emergence 79.1 83.C 82.0 84,4 82.8 80.0 - -
Nitrogen rate in the ,
Jeaves on the 60th cay” 2.41a 4.23b 3.22a 2.61a 3.01a 2.80a 0.8 HS
Fresh weignt of ncduies,
mg/plant 235 1971 1730 633 615 363 59 -
Grain yield, kg/ha £852a 1583¢ 1087b 6582a 685a 704a 23 HS
Nitrogen in grain, 5.58 6.69b 5.71a 5.44a 5.61a 5.55a 6.8 HS
Hlitrogen exported oy
grzins, kg/ha 38.1 105.6 62.1 27.2 38.4 39.1 - -
Number of nodules per
plant on 50th day 2.5 41.4 1€.6 12.1 i0.2 6.5 73.0 -

{ liquid inoculation of soil,

Results with the same

Ny

3 Figures rollowed by the

same letter are not statlisticzlly different.

letter are not significantly different at the level of P

- 0.01 (H.S.) and F = G.05 (8).

I4d1d

S6
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Fig. 7. Effect of groundnut innculaticn on sources of nitrogenous
nutrition, Bambey 1975.



1

Fixed nitrogen, kg/ha

P1ERIL 97

oof
80|
60 L
40 ¢
20F L (1976
460 560 Gbo 760 Rainfall (mm)

Fig. 8. Relationship between rainfaill and the quantity of nitrogen

g 100F E——

g <

g Dry weight aerial parts

a

5 8ot

&

- K\\\‘Number of nodules

3 60 t

o

3]

ot

NS )

3

o 40 ;,//[

£

o

o

& 2ot

1)

»

o

]

g

] O bk A i A A

o 0 12 8 17 16 ©
pH=4 pli=h pH=6

Fig. 9. Influence of pH at the beginning of cropping on the formation of

fixed by groundnut, Senegal.

nodules and plant production.

At the beginning of cropping the

plants were placed at a pl of 6.5 1nd after some time at pH 4.
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Fig. 10. Effects of farming technigues on groundnut nitrogen fixation,

Senecal, 1974.
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Table 16. Effect of inoculation method on soya yields in Senegal.

Method Year Control Inoculated

kg/ha

Tuoculation of grains 1972 963 983
1973 2016 254

Inoculation of soil 1975 685 1523
1978 : 1528

Table 17. Choice of varietics economizing on nitrogen and enhancing the
maintenance of soil N fertility (Ganwy, 1984),

Varieties o) n
A4/R/T73 choh - 0.7
ar73 9 - 5.5
22/72 5 v 6.6
26772 4 + 7.0
Jupiter 0 - 0.1

Table 18, Effect of cropping echnigues on yield of groundnut. The
Trilmakha trinl, Ser.o

Croprine techniques

[lough- Ploughing
Trial, Ploughe ing + Ploughing  + manure
character Control ing nenuee Line o+ lime + lime
— g/ha -

Pods ats 950 17T 310 ek 1178
Hay 794 1031 1486 913 gay 1455

Pods 355 413 669 652 725 616
Hay 429 487 1162 202 %33 1367

Conclusion. It 1s being cecommendad for this region that cropping systems
MUSL resort Lo lepumes. Grain lomracs and even fudder and green manure le-
gumes are sources of "gratuitous" nitrogen that are of particular interest
o small-scale {arming in Africa,

However, n saveral cases, owing either o the insufficient availlabllity
of adequate efficiont bacteria cr to the unsuitable conditions of the physi-
cal environmeni {water siress, ucidity, mineral deficiency), the efficiency
of nitrogen cation can he highly reduced and the nitrogen balance of the
crreal-legume rotation will show shortages (Table 191,
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(2) Tiagnosis in Farmerg 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, Ugo A, MHOKWUNYE and CLA. BAAHAHTE]

£
Phosphorus plays an important role in food production in the semi-
arid envirenments of sub-Soharan Africa. It is recogniced that in developing
countries fertilizers have so far accounted for more than 50% of the incre~
ase in crop yield,
Af'rica is very low ana represcnts about 3% of
sie, Africa uses 20 kg/ha of fertilizer
nutricnts compared with Acia whe the aversgse 1s 68 kg/sha. Almost three-
fifths of the fereilizer consumed D Africa is used by Egypt and South Africa.
In Niger Tertiliver consumpbion in 1982/87 was 3,503 wmt, and the fertilizer
nutrient consumntion sl kn/ha.

Fertilizor consumption
the world': concumption. For
I3

Since 1980 the Internaticnal tertilizer Development Couter (IFDC) in
collaboration with the International Crops Reseuech Institute for the Semi-
Arid Tropics (ICRISAT) bas cerried cut 1 systematic rescarch pregram on ni-
trogen and phoaphiorus fertilizer sources and their management in semi-arid
sub-Saharan Afrvica.

~

The objectives of the phosphorus component of the research program are
~3 follows:

(1) to evaluate the npctential of indigenous phosphat: rocks for direct
application,

(2) to investigate the production, at minimuw cost, of alternative
phospnate fertilizers such as partislly acidulated phosphate rock
(PAPR} and to test the agronomic ecifectiveness of these materials,

(3) to develop management prachices for a more efficient usc of
phosphorus Tertilivers,

The objective of this paper is to compare information cbtairned from
agronomic and econcmic evaluation of alternative phosphate fertilizer sources
at experiment station uwrials with that from on-larm researcher-managed trials.

Several investipgators have shown that lack of P constitutes a major
constraint to fcod production in trupical Africa (Milne, 1968 ; Pichot and
Reche, 1572).

The sandy scils of sub~humid znd zemi-arid YWest Africa are low in P
buffering capnrcity (Juo and Fox, 1977; HMokwunye 1977; Bationo, 1932), and
crop rezponges have been obtained with small P oapplication of the order of
4-10 kg P ha (Kang and Osiname, 1079), Responscs to F oare more spectacular
in the semi-arid zooe of tropical Africa (Hauck, 1966). Jones and Wild (1975)
nave reperted that P odeficiency occurs widely in the savanna zone. The low
organic matter content in the sandy soilc of semi-arid Africa contributes
to the phogphate problem.  Zeveral inveztigators have irdicated that in soils
rich in organic matter, the release of organic P plays a vital role in plant
nutrition (Myve and CGreenland, 1960; Acruaye and Otfeng, 1972; Agboola and
Oko, 1276),

1 Seil Scientists and Economist, respectively, Internaticnal Fertilizer
Sevelopment Center, P.O, Rox 2040, Mus.le Shoals, Alabama, 35662, USA.

"o
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Table 1. Selected chemicul and ohysical properties of scils of Niger.

Soil characterisiics Sadore Gobery
Seil classification USDA Alfisol Alfisol
Organic matter, % 0.29 0.30
Total nitrcgen, % 0.02 0.02
Soil pH, water 1:1 5.6 5.2
Available ¥, Bray P-1 3.4 2.6
CEC, meq/100 g 1 1
Base saturation, % 60 55
Sand, % 92 a5
Clay, % 6 2

Table 2. Rainfall, cropping system, type of rock and croo used at each
experiment site.

Sadore Gobery

Total annual rainfall mm -

1982 370 -

1983 598 392

1984 - 260
Cropping system Millet sole crop Millet sole crop
Origin of PR Miger Parc-W rock N.ugser Parc-W rock
Crop variety CIVT ciiT

On-staticn research (Zadore 1682)., 'The fertilizer sources were:

(1) Parc-W phosphatce rock (FR),

(2) Parc-i phosphate rocy partially acidulated at 5% (PA25),

(3) Parc-Y nosphate rock partially acidulated at 507 (PASO},

(4) Triple superphospha.o (TSP), and

(5) Singcle cuperphoophate (8SP),

P rates were 10, 20, 30 and 40 kg P205/hn, and al: plots received 30 kg
N/ha as urea at 21 days after planting and™30 kg KpO0/ha as KCL. The K and P
applications were broadcast and incorporated with a tractor before planting.
A randomized complete block design with eight replications was used for the
experiment, and millct was planted at 2 spacing of 1 % 1 m. The chemical
properties of Parc+d PF and Parce=U PAPR are presented in Tables 3 and 4,
respectively,

To compare the different P sources, the relative agronomic erfecti-
veness (RAE) was calculated. RAE is defined as
Yield with F . Yield of Control Treatment
Tield with S0P - Yield of Control Trcatment

100

On-farm rechearch (Gobery 1983, 1084)., At Gobery during 1983, PAS0O was
comparsd with 35P. Rates were 20 and 40 kg PpOs/ka. Nitrogen was applied
as prilled urea, breadcast and incerporated (U), or as urea supergranule (UG)
placed on the miilet hill, at the rate of 30 kg li/ha. Potassium was applied
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Soil element We, %
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Every factor requir information from many investigations in the
field, greenhouse and laboratory. Therefore, it can be said that the
so0il testing program is only as cood as the research cr which it is based.
The objective of this paper is to report the applicaticn of these steps
for making wmeaningful and cconomical fertilizer recommendations for far-
mers in the Ekiti-dkoko Agricuitural Development Project, Cndo State,

(3

Project features. The Ekiti-fAkcko Agricultural Development Project
{EAADP), in Ondo State, Higeria is a Worla Buank ansivted agricaltural de-
velopment projcct. 1t was set up as an agmicy for integrated raral deve-
lopment with two major objectives:
{1} increasing annua) food produclion and overall Carm productivity,
and
{2}y providing and sitrencthening social and farms support services.

ctween lat 7215 - 8%15'N and long.

" Undo State).
The climate io bropical, hamid and hoif, with two Jdis asons: a long
rainy season {(March -~ Octobeor) separated into two growing sons by a

dry Jduly - Augr 211, allowing grownh of' two short-cycle crops; and a
clearly . ason. Annual rainfall varies from 1,120 to 2,000 mm
and the duration decreases townrds the savannah, which makes the second
season crop unreliable.  The toemperature varies between 21° to 32°C, the
low valueg being C ~d with the arid, cold harmattan winds. Vegeta-
tion varieg from typical inforest in most of Ekiti-central and east, and
parts of Akoko south; derived zavannuh in Bkiti oorth and Akoko south;

and southern Guinea savanna in Avolo north and Blkiti north. Underlylng
rock:s are crystalline basement complex formations consisting of gneisses,
magmatites, schists, quarts < and younger granicic Cormations.  They
muke up the inoolbergs londscape in the norih-ws and central-south of' the
project area.  The terrain ic undulabing, with dotted, reszidual hills.
Scils are lerruginous Lropical soils (D'Hoore, 1964 belonging to the soil
series within the two swll Assoriations (Smyth and Montgomery, 1962),
which are Alfiscls.  There are zlso a considerable number of areas with
Ultisols, Entisols and Inceptisols; lisobyperthermic, baving Ystic and
Udic moisture regiimes. VPariier wo. ok on soll samples from the area show
that the clay consists of kaolini and sesquioxides, low nutrient status
and buffering capacity, and a low P fixution.

The project which is situated

{
L

I
5616 ~ 6%E, and covers an arca of 4,950 km? (about 2% ol

)

Although fertilizer use is not entirely new to the project area,
efforts by ministries of agriculture met with little success, with the
excention of tree cash crops. Although farmers want to uce fertilizzr te
alleviste soil fertility problems, there is scepticism because fertilizers
can, in fact, ruin the soil and reduce the yield when the nutrient dynamics
and s0il characteristics are not clearly understocd. Many unproved ‘'side-
effects' of fertilization are comron among farmers: yams turning black on
cooking, not pounding well, ond having poor storability; cassava giving low
starch and gari yield; loss of taste in fresh maize; unfilled groundnut
pods and empty glures in vicz. Tthese beliefs indicate a loss of faith and
prevent, farmcrs from using fer-tilizers. Thia dces not even take into
account the extra labour required for application. These fears were jus-
tified however, because of the blanket fertilizer recommendation {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 som2 arable crons as applicable
to Ekiti-Akcko Agricultural Development Project.

Nukrient/ha Material/ha Recemmendation

Cassava

60 kg N Urea. 135 kg (2 172 bags) South-Western Nigerina
or CAN, 230 ka4 170 bags)
30 kg PQO5 or SA, 300 kg (6 hags) (a) 60 kg/ha N o+ 30 kgsha
S5P, 170 kg (3 + bags) PO, + 30 kg/ha K,0
< D [

(b) 200 kgsha of
15-15-15 + 20 kg/ha N

30 kg K0 KLC, 50 ke (1 bag)

or quoq, 60 ke (o buag)
Compound fertiliwer, 200
20C kg (1 baem)

Maize
50 kg N Urea, 110 ke (2 bags) For newly opened land

or CAN, 199 ki (4 bags) 50 keg/ka N + 2% kg/ha

or 54, 250 kg (5 bags) PQOH + 25 lgsha K 0
25 kg PZOG SSP, 170 ki (3 1/2 bags) Under continuous cropping

or TSP, 5% kg (1 bag) 100 ke/ha N o+ 50 kgrsha l"?Orw
25 kg K20 KC1, 40 ko (1 bag) + 50 kg/ha K0

or KWSOA, 50 by (1 bag) or 300 kg/ha of 715-15-15
15-15-15 Comped 200 ki (6 bags)
15-15-15 Compd 100 ke (5 bags) For & Western States

Urca 45 dig (0 bag) 100 kg/ha of 15-15.15
or SA 100 kg {2 bags) + 20 kg/ha N

There werc three probilems thot needed urgent solutions to facilitate
the use of soil testing procrom in Fkiti-Akoko:

(1) There was no seil fortility characterisation of the project
area, therefore o coil Fortilicy snevey of the aren was initia-
ted Lo identify the nutrierts timiting yield tLhat need to be
determined in the soil analycaical 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 o result. A Y% g cample from a composite of a
25 ha ficld {0-15 cm) represents one-billionth of the total
soil volume for which the anzlysis is made. Repraesentativeness
is a function of':
(a) soil microvariability,
(b) number of samples taken, and
{c) the way the sample is taken,
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In Nigeria, research on methods of soil sampling on farms for a
sail testing program is limited. Moreover, the ¢xtension wor~
kers in the project area have no experience with soil sampling
for soil analysis. Furthermore, the fortility status varies
botit vertically and horizontally over short distances due to un-
dulating topography. Variabilities also arise {rom ditferences
in parent materials, cropping history, vegetation cover, drai-
nage and management practices (such as size :d shape of ridges
and mounds). Ridges and mounds for planting yoms, cassave or co-
coyams in heisht, and diameter from 30 to 190 cm. The Liggest
mounds for yam:s are found in the hydrowmorphic soils.

Farms animals alss deticate uncheocked, especially when the Fulanis
graze their herds. This causes vardiation in soil fertility pat-
terns. Since the majority of farmers had not previously been
using fertilizer Cor food crops however, theee 15 no variability
in fertility patierns duce to ditferont methods of fertilizer ap-
plication.

(3} Pue to the poor fiamncial position ol Lhe farmers in the project
area, they camnou Cinnnce an expensive soil testing program.
Therefors, the use ol extractants which can extract a single nu-
trient at e ing, 1o very oexponsive. A multipurpose extrac-
tant for ©, 17, ¥, Cu oand 2o which had been found to be defli-
cient in our survey, was doveloped.

i1
Ly
u

The resecarch into the wnadyticnd method designed to assist the inter-

pretation and fertilizer rocommondation i vplemented in five steps:

(") choice of extrictani, bLozrlng in mind that:

(2 the extracting solubion and the procedure used should ex-
tract the tobal ( or a proportionate part) of the
availablie form or (orms of o ubriest from soll wilh varia-
vle proverties, .

(b)  the amount of the nntrient in the extract should be measu-
red with reasonabie accuracy aad speed,

(¢) the amounts cxtracted showld be correlated with the growth
and the response of eoch crop Lo that nutrient under va-
tiois conditions:

(2) correlation of the cxiractant with uptaxke in the greenhouse;

(3) field correlation using otrip cropping and setting nutrient cri-
tical levels using the Cate and Helson model;

(4) using nutricent Tization and recovery curves to determine the
amount of nutrioent required to raise soil nutrient level by |
ppm;

(5) field callibration, using & above to cclculate the amount of fer-
tilizer required, and using replicated trials,

MATERIALS AND METHODS

A total of 410 composite surface soil (0-15 om) sumples from demons-
tration plots located in the sones of the EAADP representing all the
soil classes commonly cultiveted in the project area were collected. Each
site differed widely in cropping history. The soils were Alfisols and as-
sociated Entisols derived from undifferentiated basement complex rocks.
The soil samples were air-dried and sieved,
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Table 4: Extractable nutrients Jdaterminad from ths various extractants.

V10048V

MY

Extractant 1 Mg P Cu Mn
e/ 100z mE/ig
Bray's Pi 0.85 . 1.52 0.4
(0.21-0.91) (0,26~3.20) (£.5=43,7)
G.54 1.61 i0.G 0.8 75.3
AHDF {C.27-0.81) {0.14-4.,34) (0.5-51.4) (G.2~1.6) {2.0-306 .0}
G.51% 1.74 13.4 0.9 385.1
Bray's P1 + EDTA {(5.26-0,8R) (0.64-3.52) (2.1-50.4) (0.1=2.3) 158,0-725.C)
0.52 1.35 10.3 1.7
AHDF + DPT4 (C.1z-0.91) (0.62-2.3¢&) (0.2-28.6) (0.4-3.2)
0.£8 2.45 6.2 1.6 22,4
NaHCO3 + DPTA (0.26-1.04) (C.84-4.32) {(2.1-21.6) {0.7-3.0) (GLE=ET.C)
5.28 3.15 8.2 2.1 ge.z
NalCO3 + EDT: {0.21-1.01) (1.02<5.24) {0.5-40.6) (0.2-4.3) (2.0=-148.0)
0.41 T.14 0.G - -
Bray's P1 + DPTA {0.12-5.78) {0.65-2.10) {3.5-20.6)
N.55 1T - - -
NH[OAC {1.20-1,05} {C.53-3,50)
1 ) Ranges of soil nutrients determined by extractants.

ITAADAY
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nutrients with uptake by rice in the soils,

AN

Extractants 13 K Mz Mn Cu Zn
Bray's P1 0.,88%% 0.03%% .27 - - -
AHDF 0,854 0.a5%%
Bray's P1 DPTA 0,8E%% 0.78%% G ET#
1HDF + DPTA 0.87 .72 0.37

Pi + EDTA 0.87%= C.o5#s L3
RAWCDB + ECTA C.84#¥ 0.ace* .22 Q. bLokd
NaHClG, + DPTA 0, ee%¥ G.51% .37 0.52¢% -~3.36 3,10
M 0aC 0.37 0.88%% G4 - - -

¥ X Dencie simmificance at 5 znd 1% respectively.
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each nufrient Ls contained in
netrients with the valuesz for
2z control how mich nutriont 13 needed to
to g derived level (Tatle 3).

Table 7 FRERS oobtadued freom e nubrient Uixation/release
Loan Range
P oma/l 3.0 1.0-6.9
b [ 0.8~4.0
[T 20 0.58-5,0
Mno " L5 0.2-2.5
S C.h 4, 7-8.4
K e/ 1000 [ G I 2 e
Moo 2.0 2,10-6.0

Table &. Correlatim coefficients betusen P, tertilizer factor and soil
properticu,

sray'o .. e H
. Clay Silt O A0 Fe D P
B * &3 270
Fertilicer
factor =013 G e0,00 0.0 0.69%F G STRR G a3k

* Sienificant ab 1x lavel

3-
EX Significant abt 0,10 level,

The use of Lhe in making f@FfJILZcP recommendations. Al
er the soil hag been eer;.Lpd WiLh Brayts 51 DPTA, (C. OJ”NJHI
OLO5THCT 4 0.0057 DPTA) the approprizte fertilirzer Tactor was used as &
gultiplier, bearing in mind the critical lavel of the nutrient in guestion
and toe cconomic facvor of the facmer,

fFer oxzmple, i the soils analysis indicates that the soil has 3 mg/l
of F, the Doreilizer factor for Foic 3.1 me/l and the critical level for
P in the is 0 m3/l.  In o the thrst instance, one wnmust caleulate the
amount of ¢ requirdd Lo raise so1l P or'rom 3 me/l to Y omgsl. Since the
farmers are pool, it ir petter to raise the yield to sbout 90 to 95% of
maximum vield. Thiz has been fourst to be 10 %8/, When scil level is
10 1w/l there iz no agsured respense.  Therefore the P oneeded:
(h to reach critical soil P ic ¢ mg/l - 3 mgs/l x 2.0 = § ng/l
or 18 kg/na,
(2} to achieve 50 to 95% of maximum yield is 10-3 x 3.0 = 21 mg/l
or 42 kg/ha.

A
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v, T 2 0ie > 2.72 to 6.03
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in the area by 70U during the

t/ha, whi
36.70 t/ha ra
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Directed variability. The method most currertly used in West Africa con-
sists in developing strains by recomblniog parents with corplementary

gualities and by searching for favorable segregat in the progeny through
self-pnllinztion (Rivegs, 19841, This is pedigres breeding applizd to the
progeny rasulting from bhe croseing of ozlected parental lines.  in this
way, IRAT has dn”“lonou Ck 90, 13RA-IRAT 204 in Senegal or 2 10 in Miger.

Recently, ICRISAT has developed {CSV 1002 from o orossing between 83541
and Pramida.

i

le hereditary defect that
ethod can be used. Tor
sed once with the variety
ing i3 performed with the
This eliminates all the
(s) whicn are or interest.
sbrain without its initinl defect

When 2n existingg adopted ”l“itt, hus g
necds to be corrected, the baclesd Ny of
the buckird e c
Lo be improvn'
variety to be
genes of the t
At the and of’ the pre .
is preduced from the recurront

arcsied out ab LAY in order Lo produce
ﬂr'Hum ”Atp shortenaed straw such 2o S 7 which
; 2owhich 1o 3 salcoun (L waﬂﬂwe, 1977), This

] currently cuareied out Yo cnnnge the IANT-IRAT 260 with a
lay@r tnLu an o identical ztenin without testa.

In the cacs of cyloplasmic muie cterility, the variability of the
twe parents, one sterile, tho othor o restorer of YEPtLL_fj, is used in
such a way as Lo come stocombining ability (Schrestz and
Holand, 1082). Kesult noobbained on serghum Pn Weat Africa
which, for the time being, ha ot had any inpact on developmont.

cped from congtituent Stralv~ o this type

ted by the breeder. The interesting elements
ons e extracted and fixed by the same method
1ing. Worls o populations of seorghum is presently well
IRy , Bali.

oy

ity }lows fer the formation o populg,_on“ in
al
H
i

o

CRITICAL ANALYISIS OF VARLIOUS HETHODS OF SORGHUM BREEDING

Somae mathods are rapid but are efficient only on 3ilv heritable
features, s 13 bthe cace for mas >rtion practic ntroductions.
These metheds }ave 2 lintted =f{e L on the improvemenh of Peatures such

yield, Cnly pzrt of the potentinl varizsbility is selected [or by these
methods,

Trne wettods of crocsing batwoen complementary
a pedipres Lreeding anong the progeny requires | :
ceming to the stage of Lhe homogencous surzin (mwv‘lﬁlij 3 FhaFL) .
Alter that, it is cpprooriate to test the selected lines 1 for
a mininmun of three seacons ol triwls possibly at geverzl locations and
£ Tarm level, Then thz potentials for the stabilization 0[ production
r esged,  The method uses only « limited number of recomb
I

are asss inations
b e a3 carly as stage F2, 507 of the helorozysour eci " 1oare

al y fixea, 1In addition, the effscts of limkage inter to T Lrlt
Tl rcozbination which tends to Tavor varental genotypeu. 1n total,

/
vl s e
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Table 2. Eitect of vloughing on ISRA-IRAT 204 and cin a ilocal worlety.

Yield
Ploughing ISR&-IRA 204 Lozal variely
REVART -
Dircet secding,
average 1683/864 565 (8) 1371 8)
Pl ghing,
average 1923/84 243¢ (8) 1557 18)
Yield incrsase (%)
due to ploughing, 1983/84 54 16

1 Humber of" tri indicated in parentheses.

In direcl seeding, LZRA-IRAT 204 i= 'lighLLy superior to the control.
With ploushing, the selected variety 15 ore profitadle than the local
variety in teruzs of soiy prepurction.

The comparison ISRA-IRAT 204 /local variely was aiso made in 1984 on
gravel lands of Yatenga, with and without fertilizer,

Table 3, Effect cf fertilizer on T3SRAE-TRAT 04 and onr 2 leocal variety.

Yieid

TN

L3RA-TRAT 204 iocal variety

Without fertilizer 277 {23) 216 (7)
With fertilizer 634 (23 iack
On-farm rainfail 260 to 40U mm

1 Number c¢f trials indicated in parentheses,

The yields a.¢ noor but these results of 1884 wers obtained under
limited rainfall conditions and on poor scils with poer capacity of wate
retention, They show that with the most unfavourable treatment, ISRA-
TRAT 204 reveuls a hardiness that can be compared to that of the local
control. Here we do have the selected variety thab we wonted, thot is a
variety which responds to improved agronomic techniques and inputs to a
greater degree than the local varieties without beieg inferior in a
stress situation,
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iplinary team of the FMSRRS to stimulate the trunsfaor of new technolo-
gy to mangrove swamp rice farmers. It discusses che concerted WeSCl~
a in Siorra Leone, Guinea, and fhe Gambla, and attlempts to
d?aw some conclusions inat could be usefully appliced in simiiar
circumstances.

FAR
1

The methodology section of the paper comprices o cripnicn of the
various phases of actlivitics dircected toward eventun! Lechnology adoption.
The results and discusslion wtion focus anoprevious ovaluastions of the
influence of the station's involvement upproa ch Lo Lechnolagy adoption.

In the context of this paper, the terms b
New technolegy: o new btechniaue of carryving out
is intendoced Intoe i farming cem by station sclent! S. NeW
technology includas use of new inpuis und Jor new fatie prace
tices {e.g., fertiliver, new varictios, pew cultivation mothodz).

ace dafoned 25 follows:
farn i Thit

I8

Innovaticn: somebinmes synoenymons witt "new Lechnolosy®, oul incluaing
new ideas such as of planting. ete., which in the
usual sense cannot “hnodory .

B I R
4S5 ed as ne

Technology tranasfer: encompasses all Lho proces invaelved dn introe-
ducing a new technolopy to the tormer foe odopbion. LU includes
both Lve"‘LOﬂ of aworeness anongg the H£ L benerits
of a new Lechnology and ecucatilon oo

¥

Lion,

Technolopgy dilfusion: rerfers to the rate b which a piven tochnolegy
spreads throughout o community.

Technology adopticn: refers Lo wideapread and reilively poerranent
use or a technolagy in a glven community.

Adeptive rescerch:  research Corto alned ab developing techoologies

or 1nnovations which can Cairly sily adapeed vo the existing

gocio-cultural, economic, bLiv-pnysical and Carming systems,

Station resecrcher/ooiontist: o member of Lhe multi
of the Repional Mang:rowe Swamp Rice Kesearch S

disciplinary team
ation.

METHODOLOGT

The following section deccribes the activities involved in different
motivatinn phases and the special technigues usced to suit specific
situations.

Phase 1: Maiden runthL..
searchers, conposed of bi ical

the KMOBRRS team of re-~
ccial seionti . cxplore the areas
in which cir promisin s likeily  to osnow Cavourable results,
Literoture review and infloroal visits the main Locls.  The involvement
of the {farm community is minimal. However, the researchers usually introe-
duce themselves to traditional chiels and identily other lozal leaders for
later contacts.

Priace 2: Tnitial interaction: During this phase,
make orpanized visits to the farm compmunity, hold WLOL¢nfu, discuss produc-
tion coanstraints, and vizit Tarma bo observe their forming systems and
identify some of their protiems. At { is point, farmer participation is
rather cauticus but important. The information is then assembled, the
problems provisionally dingnosed, and action taken where possible. The
problems that require wore uetailed study are deferred to the next phase.

carchers
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to thair farm comuur V
quately clonomica
io oaeiested Tor

Sra the

pachnage of pruved

oty e B QG-

Chitlier

LoEy

DLl Line inwvedveront o non o con, it aiso

v SGoonts wno Wwill Yo mngor role
in thoe Jdatfu: ard oadoptlon of Lhe new technolosy.
Proce o Conrannionn rv:'uwtiun. Stotion solentiors continue to
monitor the porivormance o7 [ Loty in order Lo e able to

.

Y o

react promptly to aey dovelopments that L for advice o for modi

fiuatLCh, oroeven cormploete sdthdrawal orf the technolopy.  This is usually
£

! TONLE .

carried oul in conjunction with developmont

FECULTS AND DIBCUSSTON

In thics
omanat.ing
particu
aection
logy adoph'

iits and ehaepyations on technolom, adoption
Sowoethodolgy are cited and discussed., It is

Loan attrn : chinelogy s3ells itsell. The
wiant role or adaptive researdh in techno=-

the in

Adoptivn can be observed even before the
rers in the area around the Bokupr research
to be growing rice varieties wh's'

3y of expesimentation on station.  Such
ity bear the names of the farmers who incroduced
such as Rok 10 and P4, when tried on farm-
Ghoation, have net sortormed better than

Liste

"traditionzli!
Lher .  Trus inproved
era!' fields noar thoe ki

‘ o}
thie best of the farmoerc?! variebtics,

Yopoeextonsion®™ kind of adoption, however, 1o most noticeadble in
the ud\thJv rosanreh phase Eapecially after the multi-locationnd
researcher maaanad trials, innovations can diffuas 1nto the farm community.
The case of HMoribuia, aa BHSHRS sample villarze Gie o saline arei, .3 a v
las Iy that u;l1ngs, the stution sciontists 1 1d introduced a new va-
qon &, < rovel of multi~locaticnal res:accher managed Carmer-
field triate in ¢ The results indicated that Rek 5 could cutyieid the
traditionnl wvaris oy anaver Moreove, , it matured a iittle
earlier than moct btraditional varieties The difference in maturity period
was large cnough te affora escnpe {rom salt indury, though net so large as
to dizrupt rmingt oysten,

difTusion of the pew varicty in the villoge wazs monditored by means

T

L Y et
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FQWMEP

n NEW TECHNCLOGY J/¢’¢’“” \\\\NA TECHNGELOGY

c-eytension) 4 " Extension Transfer)
{transfer)

ADAPTIVE P:Xx L ION

RIESEARCHER NORLIR

\\\‘ FEZDBACK via EXTENSION
COLLABORATTON

NEW TECHNOLOGY ,ff’/

(For Bxtension Delivery)

Fig. 1. Researcher-Farmer-EFxtension Concerted Technology Transfer Model.

GUMMARY

Adeption of technology wmong the West Africon rice farmers depends on
wwo basic factors:
{1) adaptability of a new technology to the farming system, and to the
socio-cultural and ecorowic conditions of the farm community, and
(2) efficient extenzion servica,

In West Afpica, howsver the national cextonsion aopvices are generally
inadequate, Therwlore there i need for adaptive r ~hers to collabe-
rate with national extension and other developmenl agend ies in order to
achieve satistactory results in techrolopy transfer,

The gional Mansrove Swnmp Rice Research Station (RMSRRG) of the
West AFrlca Bice Developmont Assilcation {(WARDAG had an approach for its
adaptive research program which, enouring the appropristeness of a new
technology through farmer invelvement, also motivates Lhe farmers tovards
technology adoption. Its program can be graduated inte six phases, each
of which contriputes to technolopy adeption. The phascs are:



http:cnsur.ng
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o
Lo

(1) a probe into the unknoun,

(2) inztial interaction,

2) socialization

) concerted farmer-researcher action,
) introducing the gospel, and

} continous oviluation.

Experience shows that relatively low cost technology that fits the
existing farmin: system ie adapted in the early rhases of adaptive research
trials. Themere ceomplex nnd unfamillar technology may pass through bhe
later phases and mayv even reguiee the intervention of policy makers before
adoptiocn occurs,

A new irproved rice varieby (ROK 5) which was placed in researcher
nanamend mer-ivld trials, for cxample, was accepbed outright, while a
packaga oo srd of power Lillers, wproved variety and fertilizer
injecticn requirad special puckape programs for adoption. Thus, packages
found profitable jin Sierra w.oone, Guineo ang the Gambin are sometimes
adopted at o rather slow poce.

The traditional tectndlopy transfer model of the extension worker
standing in between the regearcher and the farmer nobt appoar valid
under conditions of inadequate oxtension servicos s those Tound in
West Africa. A more renliclic modal czlls for constont interaction of Lhe
adaptive researcher with both the farmer and the extension units.  This
appears Lo be the most offective stranepy to develop appropriate technc-
tegy and oxpect to achieve n zatisfactory level of adoption in the farm
community.

REFERENCLES

Adams, M.E. 1987, Apricultural extonzion in developing countries. Inter-
mediate Tropical Loultural Saries. Longmon Group LEd,

Cole, W.A.E., ot al. 1984, Teehnoior, acacsament and bransfer in mangrove
swamp i cultivation. Papor presented at an :n-house review seminar
at the Rice fescarch Station; Rokupr, Sierra Leone.

T.D.R.C. iB%n.1084., Cowing full circle: farmers' participation in the

developmont of Lochnolopy, Ottawa, Unt.; 176 pp.

Kargbo,H.M.9, 1082, A study of gporicultural extension services in the
Great Scarcics momsrove swamps of Sicrra Leone.  Unpublished B. Sc.
Dissertation. {ijala University Coilepge, University of Sierra Leone.

Stenhouse, J.iw., ot al. 1923, The acceptance and dirfusion of ROK 5 in
Mocibain, Sicerra Leone. Unpublished report.  WARES, Regional
Mangrove Swairp Rice Resecarch Station, Rewapr, Slerra Leone.

West. Africa Rice Development Azoociation (WARDA). 1684, Repional Mangrove
Swamp Rice Heszarch Station, Rokupr, Sierrn Leone.  Annual report.










156

Table 1. A comparison
major groups

from various

APPROPRIATE TECUNOLOGIES

Y
i

of propertics for tops 15 cml of some
off spricuitural soils in fae world Wwith zoil d

=, Buréina a

Y

SoiloTexture angaable Lation
. g RCR .
S ilt llay O [ .
—— o, —— — TS 1S TO N S CTo R I
Black clay soils ] 6.5 1.1 1,03 7.6 57.6 47.3 8.5 0.6

(Vertisol, India)
Red soils

(Alfisel, India)d
Tsjernozem volls
(Mollisod, Hemania)
Adluvind oo
(Incepticol,

Burkina Faso

Sahel Djibo area
(Alfisol-bush
field)

North Sudaninn

Yako aren
{Aifiscls--bush field)
South Sudanian

Boromo arco
(A1fisola-buse
field}

Boromo are=
{Alfisols~household
fi=ld)

0.46 6.7 0.0 6.7 1.5 0.7

33.9 22.4 6.6 0.6

18.5 1.2

93.6 3.9 2.6 0.17 5.7 2.0 0,01 0.0¢ 0.12

70.2 8.2 6.6 6.3 1.80 0.40 0.25

28.4 6.5 4.7 0.9 0.250.13

(o]
(%24
B

o

vl
O

1,07 2.0 0.45 0.45

(9 4)
-3

T.4

5.3

e

1e RN s
Source: Vioriczh ana Stoop,

Organic matter,

3Ccation Exchunge Capacity.





http:charazteristi.cs

158 APPROPRIATE TECHNOLGGIES

A second possible crop improvement ohjective ia to increase yield
stability theough brﬂodxub For resistance te Lhe most common pests and
diceases as well as to other environmentel stressez. This includes:
resistance to downy mildew in WL1J“:; to seoby stripe, grain meld, and
charcoal rot in aorﬂhum, to Sy i both sorgbum and mill and to
ahoot, fly, wphids and mlngn'THN:orghum. Greater drought resistance and
improved seedling viger are L(U‘]IV important,  The magnitudez of such
petential galns ace nobt easily delined, however, as vield loss

szessments are not generally available. Dut production incroases
hiasved through this ohjective al st. local

varieties, having evolved in this environment a mensure of

resistance or Yoloraq" Lo many biotic and aajf T

tic huzs the

stability objective, in most shoulid be ir ‘f suring that
nevi uu?fivd incarporate at least cqual tolerance
stresses in addition to enchanced vield potential
hazic resszarch and methodology develoorent 1a nee
the physiolog iong and tance mechanis
ey stresses as droughn are not yet well understood
methods jn cone Cdo pot o yet o exioat,

The third gaacral crep improvenent objective which we consider is the
development of culbtivars with o wider range of agronomic characteristics
such as plant canopy ov reduced crop cycle.  Such change could increase
farmers' management options by opening new intercrop or ralay croppin
possibilities, by permitting farmers o plant late without yield loss
following failure of sarly rains or alter soil preparacion, or by permit-
ting cropping on the nost drougnt prene soll typess where soll molsture
limitations reduce the sffective growing pericd, As with breediang lor
resistance, however, uhe impact of such a strategy would likely be mor-
ginal in terms of agpregate production though it would achieve grester
production stablility in the near ferm,

=

ICRISAT Goals and Methods in Burkina. The ICRISAT/burkina pregoan, which
was initiated in 1975, now has fhree crop improvement programs: a general
Zorghum Loprovement Prograw, a general Millet Improvement Program, and
pregram off Striga resistance tor Loth sorghuam and millet. It 1s perhaps
not suprprising That of thage programs has articulated a combination
of the threc objectives just described, Although it is probably true
that in vractice greater weight is given to selecting for yield potential,
stability criteriz avre also addressed through multilocarvional testing
dnd through g i ivars to the region®s major pests and
diseases, with siven to §§£i§§‘resistance. chklﬂF ree
liable procedures it resistance, litcle formal evalua-
tion is done for or. On-station screening tor seedling
establishment undar low tillage is done in only one of the Lhree prograns.
Direct screening {or srance Lo 30il nutrient stress has been only
recently bogun.

The third obliective suggested above, thot of modifying crop agronomic
characteristics to it new cropping syostems, is partially recognized by
each prozram to the extent that materials and operational goais are grou-
ped into either two or three maturity cycles ong duration, about 160
days; medium duration, about 120 days; and sh duraticn, less than 110
days!, ntil 1982, complementary agronomic tr ware also conducted
using a llmxtud number of elite cultivars to d

t
ais
termine the yield response
to land types and to date of planting, and to determine compativility

{lo
or
i
e
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Burkina Fasc.

Note: Since 968 rainfall throughour the region was generally below
tong term averages, thus the agroclimatic zones pictured on the
map have in fact heen displaced southwards during the period
of study.
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Table 4. Comparison of scedling establisiment of wlite cultivars of
sorghum ond millet with local variety ciecks, resulis of
ICERISAT farmers' tests, Burkina, 1550-24,

Cultivation £ffect of elite

Cultivar Regicn Tear method cultivar<

Sorchum
Icsvaon Sudan a3 1 + N
IC3Viene Guinay 52 1 +
CSHS Sudan 21 | +
CSHS Sudan 21 2 +
Framida Sadan a2 1 +
Framida cudan 32 2 +
Framida Guinea 82 } +
Framida Guinea 52 z +
82547 83 1 +
TCSV 1004 54 1 03
JPY38 82 1 -
SPY35 Satiel g2 2 -
82547 Sudan a3 2 -
823847 Guinea 33 2 -
ICcsvi1002 Zudan 84 1 -
IC3V 1602 Guinea 84 1 -
ICSV1002 Guinea 84 2 -
IC3V1003 Sudan 24 1 -
E35-1 Sudan 31 1 -
E35-1 Sudan 81 2 -
a23a7 Guinea 83 1 -
38-3 Sudan 81 2 - #
SPV35 Sakel 83 1 -k
E35-1 Sudan 80 2 - Rt
38.3 Sudan 81 1 I
JC8V1002 Sudan 84 1 - Hux
ICSV10N3 Sudan 84 2 - HEE
IC3SV 1004 Guinea 84 2 ~ AR

Millet
IKMV8202 Sahel 83 1 + Ead
IXMVB201 Sahel 83 1 + it
IKMVB201 Sudan a3 2 03
IKMVB101 Sudan a3 2 03
IKMVEBZ01 Sudan 83 1 -
IKMVEz01 Sahel 84 1 -
IKMV2201 Sahel B4 2 - *
Souna 3 Sahel a2 1 - #
1

1 =z zoro pre-planting tillage; 2 = shallow hand scarification.

A "+ indicates that seedling establishment rates were greater for the

_clite cultivar than for the local check, and 2 "-" indicates the opposite.

“Differences were tested using the Chi-square test on grouped data for
1980-82, and using a t-test with independent groups in 1683-84, Proba-
oility levels lor the significance tect were * = (05, #% = Q1,%%¥= 001,

3Establishment rates were identical for the elite and local cultivars.
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Table 5. Stability snalysis of elite sorghum and millet cultivars at
zero fertilizer; ICRISAT farmers' tests, Burkina, 1981-84.

[Elite cultivar
interaction with

Sta- Cross Average
Intercept Slope bility over | test

Cultivar Zone Year {bp) (b3)  typel yicld”  yield3
Sorghum g/ ha——
SPV35 Sahel 82 + - 2 ¢ 1160 120
ICSV1002 Sudan 83 + - B & 1080 570
CSH5 Sudan 81 + - B .. 760 600
82547 Guinea 83 + - B ¢, 870 840
ICSV1002 Sudan 84 F - B < T0 120
ICSV1003 Sudan 4 + - R#X B ¢ 30 100
IC3V1002 Guinea 34 - + % C » 200 470
Framida Sudan 82 - + C > 180 270
£E35-1 Sudan 81 - + C > 480 600
Framida Guinea g2 -~ + %% C > 510 560
IC3SV1004 Cuinea 84 - + ¥ C > 400 440
ICSV106G2 Guinea 83 - + C > 910 760
82347 Sudan 83 - - % D None 410
38-3 Sudan e1 - - D None 500
SPV35 Sahel 83 - - ¥#% D Lone 180

Millet

KMV A Sudan 83 + _ #%% B ¢ 30 270
IKMV4 Sahel 84 + - ¥%% B ¢ 10 20
IKMV4 3anel 83 - - D None 390
Souna Sahel 82 - - D None 110

1See Figure 2.

2Indicabed iz the range or yields for the local cultivar over which the
elite cultivar iz projectad to be superior.

3Calculatzd as the moan yiszld across locatic v of all cultivars tested
at the zero fertilizer level.

49e have combined IKMYE101, 8201 and 8202 for this analysis.

% #% and ¥%¥ indicate signif'icanceat the .05, .01 and .001 levels,
respectively,
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Table €&, Stability analysis of elite sorghum and millet cultivars
on fertilized plots, ICRISAT farmers' tasts,

1981-84, !

Burkina,

Elite cultivar
interaction with:

Sta- Cross- Average

Intercept Slope bility over test

Cultivar Zane Year (b2) (b3)  type? yield? yield®
Torghum K2/ N e
Framida Sudan 82 + + A All 700
Framida Guinea a2 + + A ALl 87¢
82547 Guinea &3 + + A A1l 1380
CSHE Sudan 81 ; - B <17750% 1140
8284 Sudan 23 + - B ¢ 10560 380
SFV35 Szhel 82 - + C > 40 300
ICSV10G2 Culinea 84 - + C > 180 250
IC5Vv1002 Sudan 83 - + C » 270 1380
E35-1 Sudan 21 - + ® o > 260 1200
Icsvice? Sudan 4 - + # C > 160 280
ICSV 1002 CGuinea 83 - 4+ ¥ C > 880 1290
TOSV 1003 Sudan 84 - - D None 230
ICSY 1004 Cuinea g4 - - D None 780
38..3 Sudan 81 - - D None 1050
SPV35 Sahel €3 - - D None 340
] Millet

IZMVe Sudan 83 + - #i#ER B < 29C 570
Trmv0 Sahel 84 + - B ¢ 10 70
Souna3 Sahal 82 - + C » 270 200
IKMVO Sahel 83 - - ®¥% D Nene 570

1., N ‘e . -
The fertilizer rates are 14: 23: 15 kg/ha in 1981-82 and 37:

in 19£3-84,

See Figure 2.

2

3

15 kg/ha

3Indicated is the range of yields for the local cultivar over which the

elite cultivar is superior.

bCuleniated as the mean vield across locations of all cultivars tested on

fertilized plote.

5Due to the extrenely high projected cross-over yield, this case can

effectively ba considered a tvpe A,

e have combined IKMV8101, 2201, and 2202 for this analysis.
¥, 8 and #84 indicate significance at the .05, .01 and .00! levels res-

pectively.
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Curve Cross-over.
. Plirst, are
elite cultivars more responsive to medern lnpu ivatad under
farmers' management - that io, are thelr response curves stoepoe than
over n €Conomic i v of input levelas and when [facing on-farm
punse

sest  Second, do the cutves orosgs, such that the ordering
of cultivars witti respect to yicld chonges significantly batweer low and
high input levels? I so. 2t what input levels does crosg-over sceur?

fAnd Cor what inputs?

To address these questions we fit yield function regression Aedels
to the farmers' tezt data. The models were of the [orm:

Y = oa + lel + Do¥, + DXy + byXiRo 4 bgXqK3 X bgX X3
where ¥ = grain yield,

X1 = dummy variable for the elite cultivar,

¥p = dummy variable for plowing, and

X3 = dummy variable ror fertilizer.

Only duta frop plots with zero fertilizer and T4: 23: 15 kg/ha {1981~
82) or 37: 23: 10 /ra (1083-84) wors employed in the analysis. Using the
regression coelficienis we then calculated estimated yields at various
input levels for the local and elite cultivars. By estimating bg (the
coefficient on the plowing X fertility interaction term) we have removed
all possible complementary effects Lo measure only the main plowing and
main fertilizer elfects. The results are summarized in Table 7.

We note fiprst that in 60% of the sorghum cases and in 100% for millet,
the local varietics cutyieldea elites when grown under typlcal farmer
conditions of zero fertilizer and no plowing. The eiceptional cases
where the sorshum elites outyielded locals at zero input levels are parti-
cularly worth noting since these include the same cultivars found to be
the most stable above: the hybrid CSHS, Framida, E35-1, and ICSVI002
(Sudanian zone, 1983) wnich iz itsell a pregeny of Framida and E35-1.

Due to Ligh variance, the significance levels were low on all response
coeflicients. wmevertheless, we can draw scme tentative conclusions by
comparing the magnitudes of response increments. Awong the sorghum tests,
the size of vield responses to both plowing and fertilizer were scmewhat
greater for the slite cultivars in two-thirds of the cases. The average
yield increments to plowing across all sorghum cases was 190 ko ha and
140 kg/tia, for the elite and local cultivars, respectively. s for the
fertilizer dose tested, the average vieid increments were 450 kg/ba and
390 kg/ha, for the elite and local cultivars respectively, 1In short,
while our dzta do nobt conclusively prove that ICRISAT selection procedures
have resulted in more menagement responsive cultivars, they are largely
consistent with that hypothesis,

Combining data from base yiclds at zero input levels with the response
incrementz, we then grouped the response curve relationships between the
elite and local cultivars for each fact > within the cross-over type
catezories developed eariler.

The resulte in Table 7 demonsirate that under the stress conditions
and low yicld levels encountered at the farm level, response curve cross-
over was identified in six cases for plowing and in seven cases for

Ty



Sramida St 2z Znl 230 25 0 300 330 A s
Framida G a2 490 £50 220 10 20 230 A A=
IC3V10G2 IS a3 240 500 ) 100 430G 1310 A A
C3H5 S 81 510 570 370 560 550 a 5
E35-1 S 81 475 540 530 330 £40 R A
ICSV1003 = 84 &0 30 20 - 10 00 B B
30547 Guinea 23 730 700 160 320 500 v c c
IC3V 1602 Guinea 8% 450 440 - 30 _C 376 450 c C
SVP3s5 Sanel 82 110 10 20 180 30 110 z C
ICSV 1002 Guinea 33 £20 600 260 232 200 430 Iy o
ICSV 1004 Guinea 84 4320 290 z0 220 420 240 C D
82347 Sudan 83 51C 419 -160 ~190 430 540 D o
38-2 Sudan &1 530¥ 270G 280 230 490 450 D B
ICSV 1002 Sudan 4 ) 30 100 105 120 120 D+ D
Milles
IKMY 3 23 440% 250 kls -130 220 150 D D
1KY 3 83 360 170 80 5 280 270 D D
ey 3 Sahel B84 30 10 -20 -1 PG 70 D D
Souna 3 Szhel 82 170 £0 £0 i85 &0 a0 D+ D+
Trertilizer rates 1681-82 and 100 ke/ha 14: 22: 15
Lplus 50 kg/ha ure
“See rigure 3. where tne slope of the
respense curve al varisty but where crcss-

over c¢id not oc
3rpmveio:, IKIVEZ :
¥ ¥% and ¥EX jndical ignifi ; ! le ectively.

NOTIVA

L1
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fertilizer. Moreover, in the majority of these cases cross-over wad the
expscted type C - that is, the elite cultives was inferior at the low

management level, bub superior at the high ievel. Cases of the desired
reapense curve relationship {type A were identiffied ror thrcoe sorchum
cultivara with rezpect torvlouing Fpamida, and 1CSV1000) and to
fertilization (Framida, ICSV1007, Te-1).

Finally, we oboerved type D cases (uniform inforicrity of the clite
cultivar at both input levels) in the 15 sorshum cases {or plow-
ing and in three cases for fertiltl Because these cultivars had
been selected on the basic of 3ig yield cuperiority over local
varieties ot the resecrch stuation, reauits strengly suggest that
type T response curve cross-over occurs tor these varicties as well, but
at higner levels of manarement thin that obzerved in the Tarmers!' tests,
Thig is particularly true for millet, foro which all cases were type D.

Additional evidence that thz oedering of ¢ cormon set or varicties
according to yield is not necessarily idenptical at hish and Low management
levyels comes from ICRISAT's on-tarmn : trials. During
1982 and 1284, the Striga hesistance, and Economics
Frograms carried out 13 resears ¥ determine thn par-
formancz of advanced cultivars in tocations in Buekina. The trials,
cach of which incided bLetwe:rn coven and nine entries, used 2 osplit plot
(1383) or split-split plob (1454 ¢ Wnich zcoreenes the cultivars at
two levels of managenwent: hich {(plowing and 37: 25: 15 kz/ha) and low tro
plowing or fertilizer:. In 1924 the btricl desien also arcluded two dates
of planting. For both years Loere wers two replications or each treat-
ment, combination.

The ranking of ontrics al the twe management levels et
lar. Spearman rank correlaticn tests wed that in only t
trials could one safcly roject the null bypothesis of ne pesitive
Jation between the high and low mantcement rankings at a pr ]
of ,05. Theze resultc reinforce the conclusion thzl by selec
under high manzgement broeeders may Lo sys,emnticv‘J3 )vcx‘oomin,
with superior perflormance under greater stress conditions,

Yield Componaents. YHe snalyzed the separate components of grain yield in

an effort to more precisely identify in which aspects tne elite cultivars
were deficient when strrssed by on-farm conditions, Plants per hectare,
panicles per plant, and grain yield per panicle were compared for =sach
elite and local cultivar bv using a t-rw"f to determine the significance

of mean diftferences. The analycis was done separately lor } - unfertilized
and fertilized farmers!' faot pilots.  Heoults are stmnarized in Table 8.

The datz indiczte that the mzajor limiting factors for yield among the
elite cultivars were low vlznt stand and low numbers of panicles per plant.
Depending on the parsicular cultivae, 'ow plunt stand was due to noor
seedling vigor, low s droepchbt Dopothe more mature plants, or
to a combination of both cuauses. The low number of panicles per plant was
due both to poar head exertion under wiater and fertility stress as well as
to genetic differences in tillering, Tt iz equally clear, however, that
the elite cultivars of sorghum had crnsiztently superinr grain production
per panicle, tnich in part off'set the low overall panicle preduction,

tance Lo

Y
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Table 8.

Comparison of yield components
' tests, 123z

farmers
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Burkina,

Unfertilized plots

Plants per Panicles per Plants per Pauicles per Grain weight

Cultivar Zone Year ha plant psr panicle ha plant per panicle
Sorghum
Framida Sudan 82 +1 - + + - .
Framida Cuinea 82 + - + - + +
ICsvV 1002 Sudan 83 + - + + - +#
ICSYi003 Sudan 84 3 - LR _Swi = +
82347 Guinea 83 + + - - % +
ICsSV1002 Cuinea 84 ~#¥ - +RER —R - +RAR
SPV35 Sahel a2 + - + - + +
IC3v1002 Guinea 83 - + - - + +
ICSV10Cae Guinea 84 SR - +¥# R -% L8%
82547 Sudan 23 S - + - T LuER
ICSV1002 Sudan 84 - - + -3 - +¥
SPY35 Sakel 83 ~# + LB RS - LR
Millet
TRy Sshel 83 - - —* + e &
IKMY3 Sudan 83 - - - - _HHE +
IKMy3 Sahel 84 -* + - - + -
Souna 3 Sahel 8z - - +# - ~ -

1 s ;
A positive sign denotes those

cases where the elite cultivar surpassed the local cultivar, and negative

for the opposite.
2Fertilizer rates were 14; 23: 15 kg/ha in 1982 and 37: 273:
IKMV8101, 8201, £202 zre ccmbined for this analysis.

¥, %% and #*% indicate significance at the .05, ,01 and .001 levels respactively.

15 kg/ha in
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Fig. 3. Cultivar response curves and frequency distributions of management
levels in the snort and lorg-term.

Nitrogen rates (kg/ha) represent a simplified prexy for broader management
levels.
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PRODUCTION SYSTEMS IN LOWER CASAMANCE AND STRATEGIES ADOTTED
BY FARMERS FOR THE WATER SHORTAGE

Joshua POSNER, Mulumba KAMUANGA 2nd Samba SALL

, considerable changes have occurred
in the Lower-Casamance resicn. Thesce changes were largely due to rainfall
shortage. The climatic characteristica changed the food situation in the
region from sell-sufficiency to shortare For purposes of characterizing
these changes and formulating adeguate qolut)ung, the IZRA 1s now placing
emphasis on a syctem of approach praticed by a regional team., This docu-
ment examines farmer's strategies of adaptation to the drought and ana-
lyses research themes taken up by the SPT/Lower~Caszamance teat.

(SN

For over the past [ifteen yea

N3
oe
I
-

Lower-Casamance is loyhtad in southern Senegal (Figp.1). It stret-
ches ovcr au area of 7,300 km® , tron the Soungrougeu vialley to the
Atlantic coast. Tt b me an administrative region in July 1984 and thus
covers the Zinguinchor™, Cussouyz and Birnona departments.

Climate and hydrology. Lower-Cazamance has a sub-Guinea type of climate
with a strong maritine influence and two seasons : a dry season fron

November to lay and a rainy seazon fron June to October. The highest
rainfalls are recorded in August.

The hydroleg.c regime is deminated by the sca Jdue to a very flat
raliel and the current rainfall shortace. The coastal part of the
Cazamance river extends Jvlﬂnd up o 200 kn and the calt water regularly
rises, The region po networic of quite dense backwaters which
encourige the spread of ooli itv.

Soils,  The cgoils are clayey-zandy on the plateau but are more sandy at

cthe surface, Two types of solls are prodominant

(1) slighily desaturated red Terralitic soils with a higher clay
content in the subooil,

(?) tropical ferrusincus lenched and beipe soils locilized in the
badly drained central parts of the plateau.

At the fringe of the thalwess, the "bolongs" and of the river
itself,there are sandy areas (grey upland zolils) which are temporarily
hydromorphic constituting the preferred cites for palm-groves Then there
are the lowlands of the thalwess where the practice consists of rice
growing in the rainy season and market gardening in the off'season.

On the major river bead, the last position on the tooosequence, there
are salty soils : She arrips (para-solphated-acid or sulphated-acid) and
potentially sulphated-acid solls. Tt iz the area for mangrove rice where
cultivation dopends on the extent of flooding by rains whicn helps in
leaching the soils.

1 Regearch team on production systems znd transfer of technologies.
Senegalese Agricultural Research Institute (ISRA). Contributions made
by Dr, Curtie Jolly and other members of the team are sincerely
appreciated. Paper presentced by Samba Sall.

2 Current name of the region.
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Fig. 1. Senegal and Lower-Casamance {Ziguinchor regionj.

Demography. 7The rugal poprlation in Lover-Casamance is estimated at
761,000 inhabitants distributed over almost 330 villages, The popu-
lation is unvevenly distributed with low densifies of 10 persons per km
at the northesstern part of Bignona, 3% per km~ at the central part
towards Baila and over &0 inhapitants per k™ in the scuthwest.

The area is characterized by = very youthful and quite mobile popu-
lation, where zbout 457 of the innabitanls are under 15. Recent estimates
indicate that 20-40% of the active lahor force engage in seasonal
migration.

There are iwo major ethnic groups :

(1) the Diclas constitulting an overuhelnmiag majority (85% of total
population) are themsleves made up of zeveral distinct sube
groups (Kasea, Dloufl, Forny...) ;

(2} the Mandingue<, a minority group (5%) with a marked influence
in the ncrthern, northeaziarn and around Ziguinchor area.
Several other minority tribes (Moncagnes, Mandizk, Balante...)
originate mainly from Guinea Piszau

1 This figure was obtained by subirscting the total population of
the region estimated at 36,200 inhabitants from the overall
population for the Ziguinchor, Bignona and Oussouye urban centers,
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Agriculture and animal husbandry, Lewer-Casamance is basically an agri-
cultural area. Besides tre area's rainfall regine, it occupies a major
position in the Jenegalese agricultural strategy . fGroundnut, rice,
millet/Sorghum and maize constitute the major crops. AL the moment, the
governmant has directed efforts towards the development of rice prouing
especially by making use of anti zalt dams and some structures made by
farmers for the protection and dezalination of lands that can be
cultivated with pice . {70,000 ha),

Cettle in Lower-Casamance i made up oif differant s
cattle, sheep and caprinac of the Guinea bread ac well a
are very few horsco and donkeys.

pecies (M'Dama
25 pigs).  There

The herds of cattle are unevonity distributed in the three departments
(84% at Bignona, 94 at Zipuinchor and 7% at Oussouye). The modes of
orgenization znd managenent vary from the north to the south of the
region.

RALNFALL SHORTAGE AND ITS THPLICATIONS
FOR AGRTCULTURAL PRODUCTION TN LOWER-CASAMALCE

Rainfall shortage. In Lower-Caszamance, there has been 2 considerable
reduction in rainfall cver the past 20 years as in the other regions in
Senegal. From 1940 to 1260 the region was located cn the average isohyet
of 1,500 mm. In the past ten years, average raintall has decreased to

1,100 mm at Ziguinchor, 7This average however conceals the wide inter-
anmual variations. It for the three departmerts we are to draw a minimum
rainfall line below which the cropping scystem could be jecvardized (Fig. 2)
we could count several very droughty years in the decade (five at Dignona,
four at Ziguinchor and seven at Cussouye).

Tr@nds in agricultural production, Ve have examined the available reglonal
statistics for the last two dccades. There were cons'dcrable {luctuations
in rice preduction with a declining “rend between 1971-1574 and 1977-1980,

Similar trends characterize millet and sorgnum. Only malrﬂ showed 3 sus-
tainaed growth between 1570 and 1382 (19% annually). The reduction in
rainfall caused a salination of rice fields particularly in the southern
part of the rsgicon. Farmers had to mocdify their croppiag system which

was formerly based on aquatic rice farming. They accelerated agricultural
colonization of plateau landz where they developed cereals ror 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
nighly correlate with the rainfall

(2) the effect of rainfall is much more noticeable on rice fields
and rice production (Rignona, Nussouye) than on other crops ;

{3, correclation between production and rainfall is lower for
groundnut, millet and sorghun.

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 agrisultural statistics,
Ziguinchor region, Senegal.

s . N .1
Statistics Bignona Zipguinchor Oussouye Region
Total cultivated area 0,E3++ 0.15 0.59++ 0.84+++
Rice area CoT e+ 0.14 0.5%++ 0.83+++
Groundnut area 0.42 0.49+ 0.4 0.8G4+
Millet and sorghum area 0.36 0.08 8.C¢ 0.45+

&
Coreal production, ¢ 0.62++ 0,05 0,53+ G,80+++
Rice preduction, t C.75+++ C.18 G.54+ 0,85+++
Groundnut productizn, t 0.52+ 0,16 C.15 C.63++
Millet and sorghum production, t 0.14 5.1 0,604 .35
1 Trie overzall statistics of the Ziguinchor region have bsen correlated witn 2nnual rainfali at Bignona.,
This department supplies between 50 and 75% of the regional production. Source : DGPA, Ziguinchor,

*, %% and *#¥ indicate significance at the 0.05. £.51 and 0.0071 levels respectively.

1V 13 ¥INSOd
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For these crops, varieties used by the farimers are able to complete
their cycle even in dry years. Other factors such as the availability of
groundnut seeds and inzect attacks on millet seem to be wmorz influential
on production.

Observations on the rainfall shortages and correlations with culti-
vated area and amriculturzal producticn are sumarized in Table 2. If we
examine the two extrems areas over a period of 20 years, we obscrve a
very remarkable reduction in total cultivated area (53% at Bignona and
6%% at Ousscuye). This reduction particularly affected rice. reducing
by about 11% of the total <cultivated area at Bigrncena and by 77% at
Oussouye. TFood production was therefore affected. These areas that
recorded surplusz2s in 1962-1963 (over 100 kg per capita at Bignona and
over 181 kg per capita at Oussouye) are now facing shortages (Bignhona-
170 kg/capita, and OQussouye-i21 ki), With the present circumstances it
has become very diff:zult to remove such a deficit with the sale of
groundrut as the only cazh crop in the region. Rice importations to

Lower-Casamance increased from 2,000 to 3,000 t between 1960 and 1965 to

almost 30,000 in 1982/83 (DGPA, 1993).

For purposes of arresting these diffeerent changes occuring in the
arza, the government of 3Senegal decided to strengthen agrigult"ral re-

search by creating a research team for productiorn systems ., .ne mandate

of this research team is to get in touch with the farmer to understand
his objectives and constraints so as to pronose different research and

develcopment strategies. These strategies must te directed towards specific

zones or agricultural siceations,

AGRICULTURAL SITUATIONS IN LOWER-CASAMANCE
AND STRATEGIES OF FARMERS

Agricultural zones. Even if' Lower-Casamance is a small area dominated by
a single et'inic group, production systems and their organization are still

very heterogeneous there. Accordingly the region has been divided into

agriculturali situations taking into consideration specific characteristics

of each zone for purposes of eventual formulations 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 transplanting and harvesting. Among the Mandingues
and the Dioula "mandingues"™, division of labor between sexes is
more pronounced and is based on the toposequence : men cultivate

on the plateau, and women cultivat: rice on lowlands.

(2) Proportions of land under emerged cultivation/flocded cultivation

with the southwestern/northeastern rainfall gradient one moves
from zones where aquatic rice growing (transplantaed rice) is a
dominant activity to zoncs where platean farming is by far the
most, common. Surveye carried out during the last three years

1 The first team began ite work in March 1982 at the CRA in Djibelor.
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 (poulitical und regious domination) in the past.



Tabie 2. Tre ﬁd of mear agricultural_ production four 20 years in the Oussouye and Bignona Depar _ment,
Ziguinchor region, Senegal .
Bignona Cussouye

Statistics 1962 and 1963 1483 and 1584 1962 and 1963 1983 ané 1984
Rainfall, mm 1,257 784 1,450 1,049
Total cultivated area, ha 76,751 35,966 12,5699 4,065
Groundnut area, ha an,2z5 21,619 718 772
Millet/sorghum area, ha 20,970 7,722 1Co -
Rice zrea, ha 22,378 3,895 11,000 3,084
% of ar=a cultivated with rice 30 11 g6 71
Groundnut groduction, t© 28,078 23,901 646 658
Willet/QOPghUW production, t 16,013 5,119 60 -
Rice crOQuPt*od, t 31,249 2,603 12,100 3,450
Cereal deficit® , kg/capita + 100 - 170 + 181 - 121

1 The 1662 and 1963 data are furnished by DGPA-Ziguinchor.

{Regicnal <eveloprent unit)

< Tne cereal deficit
each departmeat.

is caiculated on the basis of ceresal procucticn
Cereal requiremsnts are estimated at 200 kg/capit

The 1683 and 1984 data are from SOMIVAC

al population in
ta acccrding to FAO criceria.
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have shown that cultivation on the plateau represents less than
60% of total area in the southwest whercas in the north, the pro-
portion is ovel 80%. The proporticn of time devoted o work on
the plateau reflects this division of labor : 65% in the north
and 46% in the soubh

(3) Utilization ol ox Ly the degree of adoption of ox trace
tion introduced a diffe ﬁ"',A on in the farvming system in Lower-
Casamance. Mo than 90% of Ehe arca on the plateas in the
Sindian»Kaluunﬂ3ss zone k and 50% in the villages of
Fogany-Combo (nortn! are tilled with a ploven Tillage with oxen
is almest unknown in the southwest.

Fig. 3 illustrales the {five 1 situations in Lower-
Casamunce. Thia grouping oxcludes thc ¢ly populated coastal islen .
s 1 o) P h +
and the southern small border ringes near Cuinea Bissau where an itinerant
forest agriculture io sracticed, In examinines “=o WLzA»ﬂvlr adopted, we
L 1]

will a1mays retor to tvo groupsz of agricu : those of the north
(Sindlan-Kalounaves and Forny-Combui and (Oussouya),

o

.
oo
=

Recent, rainfall trend (1982-1984), Before mzking ony commonl on farmers!
strategi and pegsa: offorts deployed by the sysieme team, it would be
DELEQSHFV to examine the cumulative trend of rainfall in 2 northern and a
southern site during the past Lhree scasons. This gives a clear picture

of the cropping season in the north and fhe south.

It could be observed, in the first clace that the raing begin in the
north (Houlandor) before extending to the scuth (Loudiz-liuulof), In 1982
and 1983, the rains begon in the third decade of May in the north, but the
southern area had rains in the second decade of June. Both in the north
and the south, the overall mean rainfall for the three years was below
normal it compared with rainfall records tor the past 19 years.

At Boulandor, tohal amount ol raing in the tnree roiny seasons varied
widely. The 1982 senson was the most dry with less than 600 mm of rain.
From July 20 to inpust 20 enly 60 mm of rain was recorded, Total auwounts
of rains recordcd in 1982 and 1084 were almost equal (1,015 and 944 mm) ;
moreover in Jiune and July 1984, critical menths {or Propnxra and weeding,
cumilated rains excceded 1983 rains for the same months (562 mm vs 208 mm).
Such an inter-annual variation in the rainfall pattern obiiges farmer3a in
the northern lands te concentrate moere effort on directly win crops with
quite early sowing dates, They place liltle emphasis on aqualic rice-
growing.

On the other hand, at Loudia-Cuclof, there was very little inter-
annual rainfall variztion in the iaszt threc vears, This holds for both the
accugmulated total and monthly aistribuation, In 1082 and 1983, heavy rains
in the third decade of fucnust (the slope of the wurve suddenly become
sharper in Fig.4) helpnd in filling the bord2r strip which thus deternlnes
the right time for trunsplanting the rice. If there are sufficient rain-
falls thereafter in Sepiember and October, {(mean of 317 mn. for the last
three years), one could wrpect a normal harvest. The Oussouye farmers
speculate on this reasoning whereby the rains begin in June, followed

1 The rainfzll readings were regpectively 232 and 272 mm in 1982 and 1983.
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Fig.Z2. Agricultural situations in Lower-Casamance.
Z0NE I Social organization of work-Diola Type, absence of animal tracticn and predominance
f tronsplanted rice,
ZONE II Same type of organization 2s in Zcne I, but with a relatively signitficant plateau cropring
and direct zowing of rice,
ZOHE III Social organization of work-Mandingue tygs in the east, but intersected in the central
and vestern parts by Dicla villages. Animal traction is not widespread and airect sowing
of rice is aquite significant.

Social organization of work-landingue, animal traction quite developed, plateau
farming very significant.

Sccial orgsnization of work-Dicla type, animal traction developed and aquatic rice
growing relatively important.

CARONNES ZONE : Martitime not covered by the SPT team.
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Lower-Casarance,
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as soon as the rains begin in June. Almosl concurrently, all ac=-
tive household members are deployed for ploughing (men on the
nlateau and women on rice f'ields) thereby helping to accelerate
the tempo of the cropping process. Moreover, divergifications
on the plateau diminizh 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 rainz on
compound fields. Flateau pleoupghing begins just after 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. [rom then on, labor peak would te in June-July
(Fig. 6).

All the active housenold memp2rs are mobilized between June and Sepw
tember and they accordingly offer 74% of the total labor hours required
for the cropping season. According to uxplanations given by farmers, it
is only at the end of September that they are anle to appreciate the suc-
cess or {ailure of the campaisn dependiny on rainfall distributicn and
the possibility that they had in alleviating laber constraints on farms
(Sall et al., 1983),

The so-called plateau strategy applied by farmers at the northern
side of the river is characterized by two magor approaches :
(1) particular interest in early sowing and

(2) intensification and diversiiication on the plateau.

The desire for a rapid implementation of the campaign ic manifested
in respect of both the plateau and the rice field. In connection with the
plateau cultivation, there is o general tendency to carry out sowings before
end of Jure. This was the casc in 1983 (droughty year) wnen all the fol-
loved-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
1984, 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 adapta®ion to the drought particularly in villages
like Boulandor 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,
vere 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
50il on the rice fislds ic heavy and requires precipitation of 100 to 200 mm
before it can be easily worked to ensure a good emergence. There is also
the new technique of dry .1l tillage (shallow ploughing by women) from the
month of May, the use of early varieties of rice and Lhe introduction of

1 There arc somc empirical proofs of the strong correlation between the date
of early sowing and yield : Sall'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 wesk on farms sown after June 15 in Lower-Casamance,
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Fig. 5. The 1984 cropping season : date of commencement of seeding

and the number of follow-up piots,
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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 Ulrans=-

planting of rice fields oare the dominant activities leading to a maximi-
zation of the demznd for labor (Figs. & and 5).

The system in the southwestern arveus is aiTiclent when rainfall is
"normal® (a minimum of 1,300 to 1,400 mm) and the rlooding of rice [ields
occurs just at the end of August. In eifect before the precent drought
cycle, this system uscd a highly intensive labor input in rice growing
and the productivity of laber sufiiced in main.aining a population density
of 65 inhatitantz per km™ (Linares, 1971).

With the current climatic constraints, rice pgrowing farmers in the
southwestern aresz make an increasing exploitation of the labor surplus and
the flexibility inherent in the aystem throush a series of observed accom-
modations . In the Ciest place, the end of cycle t111: is more and more
reduced due to tne drought., This ig beceouse the zoll gets hardened after
the December~January harvest., BEven though this practice was formerly
common, in 14984 only 8% of [olloved-up plots in Boukitinge and 0,08% in
Loudia-Ouclef were Lilled at the ond of the rainy ceason.

762

Furthermors it is observed lhat the cullivabed arcz of land on the
platcau depends on the imprecegion ol farmers with respect to the commen-
cement of the season.,

When rainfall is low in June and July, as it was in 1982 (375 mm),
73% of' tollowed--up {armers increased the aize of thelr groundnut plots
by almost 30%, In 1084 (rainy year with 475 wm of rains in June and
July), 75% of farmers on the same rarm sauple reduced the area of their
groundnut plots so as to devote more lzbor bo aquuatic rice production.

Again, farmers must necessarily have Lo wait until the border strips
are flooded to determine tho numbee of rice {ields to transplant. This
offers them the pozsibility of saving labor and concentrating their erfort
on suitable rice fields (inundated and desalced). The follow-up conducted
within the past three years indicated that approximately 2/3 of aguatic
rice fields have been thus abzndoned, This selective approach constitutes
an advancage to the cultivation or transplanted rice as compared with the
direct sowing of rice. Thus in 1983, 43% ot plots cultivated with layered
.rice (sown in Juuc;JuLy vwere destroyed as against 30% for the whole of the
transplanted plots .,

Finally, depending on the nature of tle rainy seoson and the availa-
bility of rice ficlds at different levels of the touwosequence, the farmers
estzblish their nurseries on a step by step basis and this helps in

1 The term "accommodition" for the rice-growing area in the scuth-west is
preferable to the concept of adaptation used for the north because there
is no significant change in the established production system, but rather
emergency adjustments while waiting for the rainy years,

2 Our analysis of the DGPA cnronological series (25 years) actually demons-
trate a significant correlatien (0.39) between the size of area trangse
planted and rainfall, and a slight and insignificant correlation (0.16)
between tne rainfall and rice yields,
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spreading the transplanting perind., Surveys we carried out in 1983 when
the bBeginning o the rainy scason was dry, indicate thao 2% of the nur-
series were soun in June, 895 in July and 9% in Aucust. 1t was obsovved
that in the 1934 vailny  scavon with wore rainfall earlier in the season,
28% of the murseries wore soun in June, 58% in Julv and 18% in Auvgust.

Thora are However some ghpa
! oare qoyever son

St d'“t"lwﬂ vt the deousht ) partie
crowing, Lhe LVDUP'hn(u of

Coyoubn migead

cularly by way ol the intonsi
non agricultural L:u'vfnﬁ,
tive houue i in :
intensificabion 'PJYIPLfs on r‘ ’s aiven by tha Mungagonlak
village lo-atod ulong vhe scuthuw ctoef Eloufl,  In response to

the rainfall shorfage and with a ,\ry 11mthu availability of’ platzau
lands, aquat’c rice growl become very intensive there (210 man days/
ha) witn o mean yield of iys/ha,

len (B0% of ac-

Aotyplcad example of

Farmers give a lob of attention to the nurserios and apply Lonuldc-
rable quantitices ol manurce te rice riclds (Sall ot al., 1983). This ic a
general practice in Loudia-Cuolof and Boukitingo ; at Tendimane, women
also scatroer manpgo lecaves overs rvice ficlds.,

Non arricultuwrsl and "extra-agreicaltural" activities (fishing, pic-
king, palm wine and palm cabbage hav"v.tln“) and ofl'-seasconal market gar-
dening currently constitute an important source of jpecunizary income among
the Diola farmers from the south.

It has been demonstratad that in the case of Loudia-Quolof and Bouki-
tingo for exainple, incomes derived from the whole of these activities
represent, respectiveliy, 122 and 150% of pecuniary agricultural incomes
from farms (Keport of Systcems Tear, 1984). A substantial part of these
Ircomes is ueed in purchasing white rice during the soudure or hunger
period,

Adaptations in the tranzition zone. In view of its location north-
wards of the river up-stream of Lhe "bolongs", Blouf receives less rains
than the southwestern rice-tields (mean rainfall for the threc years in
Tendimane is 765 mm compared to 7,067 mm in Loudia-Ouolof’). The farmers
have very little aquatic lowland rice.

They cultivate highland rice but the per capita ownership of1rice—
fields is still low as compared te the situation in the northeast

One of the consequences of this situation iz the gradual adoption of
direct rice sowing on fields which were recularly transplanted previously
and the progression of the system towards plateau agriculture In 19284,
almost all the followed-up upland rice in Suel and 20 of the ’1 followed-
up rice fields in Tendim.ne were aguatic flelds (transplanted) converted
to direct sowing 1C years before.

Since the production system is basically the Diola type, the concern
of the Blouf farmer is for the success of liis rice cultivation. From then
on the strategy ne adoptc on the plateau is determined by the type of rice

1 Rice fields owned per capita is 1elath to the approximale population
density of 20 to 25 inhabitants per km” compared to the density of 10
to 25 inhabitants per km™ in the northeast.


http:Tendim.ne




POSNER ET AL 197

Table 3. (haracteristics of farms in the northern and southern part

of Lower-Casamance

Characteristics

Farming in
the north
based c¢n
plateau
cultivation

Farming in the south
tasad on rice growing

Average dimencion of
farm, ha

Average number of
labor handsz par farn

Percentore of land
farmed on the plateau

Pepcentage of labor
hours devoted to plateau

farming (millet, groundnut, maize,)

['ercentage of lavor
hours devoted to rice

Yields, kg/ha

Maize

Groundnut

Millet

Rice

Percentage of total

income derived trom

non agriculiural activities

¢.a1

T.z

86

55

35

838
954
539
1151

20

1.55

4.1

46

54

221
621

888

50
20

1 Thece data are obtained from surveys carried out at Boulandor and Medieg
considered as typical northern villages and at Loudiz-Cuclel and

Boukitinge tvpical southern viliages.

Arvart from percentages of labor

hours calculated over a period of two years (1653 and 19&4), the data for
cther items are mean values calculated over three years (agrconomic

follow-up).
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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 curren® climati.

conditions. Irmproved 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! appreciatior of their type
of grains. rfor example, DJ~12~59 and IRAT 133 have produced 3,240 and
2,700 ki/ha respectively in variety trials. In the course of larse scale
trialg, these varieties offerad a yield at least 20% higher ‘han local va-
rieties. With r gards to labor productivity, agronomic rollow-ups and
trials carriea cut among farmers have shown that the major obstacle to an
increase is the length of time between gowing and weoding A longer inter-
val of time has tre effect of reducing yields irom rlateau cultivation.
Mechanical weeding trials have been conducted. Tn the absence of ALPro=-
priat2 weeding cquipment, the UCF plough was successfully used thereby mae
king it possible to derive a 60% time savings compared to minuzl weeding by
farmers for the same leovel of yi-ld.

S

Or upland rice "iclds emphacis was placed on th2 control of weads by
use of reriicides und row-croppirg. The advantage in the use of herbicides
mainly lie: in the lime savings made during weeding (the period of time

sed in woeding can be reduced up te 1/3 of the time nermally required for
untreated plots). The introducticn of the sced drill on upland rice fields
(the example of Boulundor) makes it possible to save time weeding Ly practi-
cing row-cropping (weoding time is reducsd by hzlt in cowmparison with broad-
cast sewing)., It muzi bhe noted however, thit there sre no savings made in
sowing time per se boeco e »oaadeast sowlng Lo more vap1dly done.

In the rice growing ares at the southorn part of the river, intensifi-
cation through oroductivity improremont per vnit area mainlty involved com-
pound Cields. These are enclosed areas of land eon which houschold garbage
is scattered. FPart of this land 13 reservad for fruit trees!? in some cases.
The efforts of the teum are concentraled on maize and cassava. Results
obtained wilhin the past two yewrs indicate that under tavorable conditions,
maize yvield cap be increased up Lo 2,000 kaz/ha.  The considerable rainfall
in July and the resulting remporarily hydromorphic effects, tend to reduce
maize yields, Because of their tolerince for cochinecals (Phanacocus maniheij
and rosaic virus, new cassavae varicties have performed well 1n preliminary
trials,

With regords to regularly (looded rice fieldz (without any problem of
salinity and feprric tan city), intersification involves fertilization and
improved variatlcs. Recent results indicate that Lhe DJ-684D variety has an
average yield of 2,000 kg/ha ropresenting a 54% increase compareu to She
yield of local varietios,

In the abcance of animal traction, rarmers make use of more officient
mapual practices and improving labor preducvivity. Farm tests have thus
demonstratad that in the case of upland rice fields and majze, rideging is
faster and a% un equal yield ridroing makes it possible to have a better
control over weeds than flat tillage,

Diversification of the farming system, This involves the introduction into
the apgricultural time-table, of crops that could be sown towards the end

V Very soon a resgearch unit on tree planting in villages will be intiated,
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Table 4.

Diagram of research strategies of the Lower-Casamance systems team,

Location

.  hs 1
Intensifiication

Diversification

Retrieval of
abandcned lands

Utilization of
residual moisture

Northern zone
concentrated
on the plateau

Djibelor
station

Southern rice
producing aresz,
concentrating
on aquatic rice
pruduction

Spil procuctivity :
-fertilization

MA, GR
-varietal per-
formance UR va-
rieties IRAT 133,
DJ-12-59

Labtor producti-
vity :
-sowing-weading
interval, GR, MA
.2 weeding
-herbicides, row
cropping UR

=i

Scii productivity
-compound fields
”‘;‘:’_

~fertilis. AR
~varietal AR va-
riety BJ-684D

Increasing farming
ensity ;

-sowing at end

of rainy season

sG, CF

-varistal perfor-

mance CF ; varieties

NB (58~57) varieties

SG (v2, vé)

Reduction of far-

ming riske

~crops for {illing
in deficit 3F, CP
-varietal nperform.

varicties

-trial on topose=-
quence; highland
rice fields M4,

sG, Cp, SP
-salt leaching
trial

Off seasonal

cropping ; SP
-mid-0ct. sowings
highland rice
fields

~Jan, sowing

-ridging SP {lidargu} lowland rice
NB (£8-57) fields
1 Abbreviations : MA = maize ; GR = groundnut ; SG = scrgnum ; CP = cowpea ; UR = sheet rice ;
SP = Sweet potatoes ; AR = Aquatic rice-growing.
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This is the .dea behind cur trials on maize, sorghum, sweet potatoes
and covpea at the Djibelor staticn. On these abandoned rice fields, maize
perforrmed better than rice and as well, =nabled savines to be made in wee-
ding time A year ago, sorghum and sweet potatoeg were introduced into

Uorlmentatlon (sown on August 13) with a respective yield of 1,000 kg/ha
and 3,300 kg/ha, which compares very favorably with gun w5 ha obtalned
from rice on the control plots.

With respect to salinized rice Tields, the team ls working in colla-
boration with @ specialist in hydraulics for coil tilluge, the spacing of
the drainage ways and the control of the water tide which could be techni-

ques capable of Tacilitating the leaching of salts.

CONCLUSTIONS

dgriculture in Lower-Casamance lg still dependent on rainfall trends
even though the region has muny endowments, Since the early 1970's, there
has been a decreasing trend in rainfall coupled with a reduction in the
duration of the rainy season, This uLLJQLlOn is reflected in major changes
made within the local production systems., The general conditions of pro-
duction have deteriorated and the situation of cerenls on farms has become
nuch more risky in some villasg

In effect, regionul statistics indicate a reduction of over E0% in
cotal cultivated aren within the last 20 years. Rice production decreased
96 in terms of total cultivated zrea in the Bignona depariment.

By making use of a systematic zpproach, the SEY tear-loRA, at Djibelor
has underlined five different agricultural situation. in Lower-Casamance
Each of them presents some prospects facilitating the adapratlon or accom-
modation to the present drought cycle as well as some specific constraints
which call for localized solutiona. in this document we have discussed two
extreme agricultural situations the Dindian-Kalounayeod arved at the northern
side of the river Casamance and the Oussouye area at the southeastern side.
The two s.tuitions LDALIJJT from the point of view of the cropping system,
the trends of the agriceltural time-table, the structure of the production
units and concequently, "qzotlrions to the current climatic conditions.

The agricultural research unit and the local develeopment body must take
into consideration, these variations and differences in production sys-
tems to arrest this threat to rural development. There ia no unique
solution to the agricultural problems in Lower-Casamznce.

The Production Systems team has rescarched those realities from
exploratory surveys cacricd out in 1982, surveye made within farm units
and tollow-up of farm fields acs well as agronomic trials.

(«)
.
’

Jolly, C., M, Xamuanga, J. Posner und 3ll. 1985, La situation céréa-
lidre en milieu payszan de Basse-Casamance @ resultats d'une enquéte
de terrain. Working document, Production, Systems Department, ISRA,
Senegal.



POSNER ET AL 203

Linares, Olga de. 1981, From tidal swamp to inland valiey : on the socizl
organizatior of wet rice cultivation among the Diola of Senegal.
Arrica, 55 : K57-h95.

Sall, S., M. Kamuanga and J. Posner, 1983. La recherche sur les systeémes
de production en Basse-Casamance. CRA de¢ Djitelor, ISRA. Zenegal.

Sall, S., M. Kamuanga, J. Posner, M. Lo, Y. Soniko and M. Diouf., 1983,

La recherche sur les systemes de prcduction en Basse-Casamance.
CRA de Djibelor, ISRA, Senegal,

Sall, S. 1984. Contribution & la connaissance zoclo-c¢conomique d'un ter-

roir Casamangais - Mampalago. ISRA. Ci4 dc Djibelor, Zenngal.

SOMIVAC. 1985, Evaluation de 1l'impact du PIDAC en Basse-Casamance,
BEEP, Senegal. January.





http:Progr.am

BANTA AND BBUYEMUSOKE 205

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 aspeccs of technical agricultural research
which can be 3Juccessfully introduced to farmers on the basis of
sound practical 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) & casn program: inputs were made availsb.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 cred.t/savings scheme, whereby farmers could obtain
"packages" of inputs through a combination of advance savings
and credit, or through credit alone;

(3} extension program: in addition to the cash and/or credit facili-
ties, farmers also participated in the GCP's extension program
to imcrease their knowledse about the proper uce of improved
farm inputs and practices.

MATEBLALS AND MUTHODS

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 introcduced to farmers by the Ministry of Agriculture
and the project stalff. Table 2 also shows the corresponding indigenous
practices in th: study area.

Analytical tools. Gross margin analysis and linear programming were used
to study the profitability of the improved sorghum technology. MNormally,
gross margin analyeis is used to test the eftects of changes that do not
alter ths fixed costs of production, especially the cost of larnd and
other durable factors. The gross margin of an enterprise is presented
as:
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Table 1. Improved agricultural input packages supplied to the farmers by
the GCP.

Package 1 Package 1L Fackage [11

Two 50 kg Two 50 kg Tvw 50 ke
bags of superphesphate paps of superphon- bags ot saperphos-
fertilizer phate fovtilizer phate fertilizer

One 50 kg Two HU ki Two B0 kg
tag of sulphate of bags of sulphate of Lags of sulphate of
ammonia fertilizer ammonia fortiliser ammonia fertilizer

Six packets ol S1le packets of Aldrax Six packets of
Ardrex 'T' seea 't oseed dressing Aldrex 'I' zeed
draessing dressin.

8.8 kg of zhort 5.4 kg of short 2.% kg of improved
Kaura secds Kaura seeds maiee seeds
£.6 ki ol short

Eoura geeds

GM = TR - VC
Where
G = gross margin,
TR = total revenue cr value of output fram the entarprise,
VG = variable cost {i... costs that are specifiic to producing the
output).

This was used bo determine the potential profitability and sffect on far-
mers' farm income of the improved sorghum production tochnology. This
formula hae the advantace of heing simple as well ag useiul In the analy-
sis of the profitability of omall Carms Lhat nave small fixed costs, as
is the case of the project avea,

However, on its own, pross margin analysis does not generate igu-
res on the orfimum farm income resulting frow difterent farm attivities
which are based on the [armer's objective function and constraints, Mor
does it reveal the optimum combination of activities censistent with
avajlable ragources or the mirginal value product of resources. 1t can-
not be used to show the =ffects of in input ond output prices on
the magnitude of net tuarm revinae. o oable Lo porfurn these analyses,
a linear prosramning moder was anplied to the provlem,  The linear pro-
gramming medel tock the [ollowing orm:

aubiect toozall

"t
[N
[}

.

nidelh s Y20
A : i

\.~v
7 1o the level of rarm income, X

L, are the activities inveolvad in the gene-
ration of Z. These include crop production, labour hiring, crop selling,
and home consumption activities. liome consumption activivies are especial-
ly important in subsistent and semi-gubsistent communities., Cj are the
unit prices associzated with the activities., The pricet of home consumed
crops ware assumed to be zero, The constraints and restrictions (A]) were
comprised or zvailable resources transfer rows and the ainimum household
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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 ¢
1. Variety Short Kaura Farafara, Kaura

2. Seed dressing

3. Land
preparation

4. Time of
planting

5. Seed rate

6. Interstand
spacing

7. Thinning

8. Weeding

9. Fertilizer
requirsments
(i) Superphos-
rhate
(i1)CAN (calcium
ammonia
nitrate

K 59127

One packet of

Aldrex 'T' of

Fenngssan 'D!

to three mudus
of seed

Ridges to be made
1 m apart

mid-May to early
June

11-14 kg seed/ha
or three to five
seeds per 2.5 cm
deep hole

30 cm apart on
ridges thuet were
1 m apart

Stands should be
thinned to
two plants

As required

150 kg/ha

250 kg/ha

Mori Yargunki

Chemicals were

used when availa-
ble at rate of one
packet to six rwudus
cf seeds, ash 18
used for seed dres-
sing

Mostly sown on old
furrous that are

1 m apart

Highly varied,

May to July

Average of 10.2

kg of seeds/ha
other

aspects were not
quantified

45 cm apart

Stands thinned
to two plants

As required

Manure mainly
was used

! Anonymcus, 1978a.

2 .
Authors' obscrvations.

3 A mudu is a local unit of measurement in Northern Nigeria;
it weighs appreoximately 1 kg.
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requirements of the home-consumed commodities,

Data. The gross margins of the improved sorghum production technology we-
re determined using input-output data collected on improved sorghum pro-
duction by the GUP staft, The data used to determine the effect of the
improved sorghun production technology on farm income were partly genera-
ted by the GCP staff und by the authors. The data on the household far-
ming model were obtained from the GCP files. The data on the overall
gross marging of 15 farmers who grew the improved seorghum ard the 15 who
did not were collected by the principal author.

The data used to analyse the adoption levels of the improved sorghum
production technology were based on primary data generated on a sample of
153 farmers taken from the GCP arca in August/September 1980,

RESULTS AND DISCHSSION

Gross margin analysis., The first anzlysis of profitability was based on
30 experimental GCP researcher-managed farmers!' plots on which the impro-
ved sorghum production technology was applicd, Close monitoring ensured
that the package's recommendations were strictly adhered to., Gross mar-
gin analysis wag used to determine the prefitability of the improvsd sor-
ghum package on each of these farmers' pluts.

Only one plot generated a nejative pross margin.,  This plot had suf-
fered from poor researcher management, in particular [rom the inability to
perform various operations 2t the appropriste time. Gross margins on the
29 remaining farmers' plots ranged from HZ1.28 to N1,2120.69 per hectare,
with an average of W482.81 per hectare when input prices were subsidized.
Without input subsidies, the average groess margin is N459.86 per hectare.

This analysiz is based on researcher-managed farmers' plots., To
see how well the improved sorghum production technology it into the exis-
ting farming system in Lhe study area, o linear prograwming model was
used in the context of the farmers! resource constroints, (amily consump-
tion requirements, competing enterprises and the objective to maximize in~
come.,

Linear programning znalysisz. The linear programming moda2l was based on
500 households, randomly selected from 873 households that were surveyed
under the GCP. A household Parming model was develeped on the basis of
traditional practices and the improved scorghum Lechnology as uscd by the
farmers,

The most prevalent crop enterprises, hased on the [requency with
which such crop entorprises were growm b] the farmers, tfermed i0 of the
32 activities. OSorgnum producticon by the improved technology was then
the 11th crop production activity., The labour hiring for each of the
12 months conpriscd 12 activities, while there were seven crop selling
activities, and two subsistent home consumption activities, Maximum
constraints were 1.4& b of land and 250 man-hours of labour per month.
Cash for labour hiring and crop transfer rows werz zlso in the maximum
constraints cclumn, Minimum constraints were put on home <onsumption of
sorghum and millet.

The GCP-implemented scrghum production technology did not affect the
farmers' incowe significantly enough for the improved crop to come into
the optimal plan (Table 3). Inctead, the farmers grew the indigenous
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sorghum using traditional teclinology: 1.04 ha o indigenous sorghum in
mixture with millet, 1.12 ha in mixture with millrt and groundnuts, and
1.26 ha as a sole crop. Thus it was more profitiole to srov indigenous
sorghum using traditional techniques than to rrow the improved sorghum
using the new technelogy.

Table 3. The linear programming optimal plan incorperating the improved
technology as used by the faruers.

Activities in Unit of Level of Frice/sunit Het
optimrl plan activity activitvy ol activiby Revenue 1
ha —— H
Indigenous sorghum ha 1.26 3,16 -39.26
Millet/indigennus
sorghum ha 1.04 57.21 ~59.66
Millet/indigenous
sorghum/groundnut ha 1.12 53.78 -00.34
June labour hiring Manhour 2.42 0.06 - Q.21
July labour hiring Manhour 4,19 0.06 - 0.2%
Sorghum selling N/kgo 1,007.970 -0.58 587.0¢4
Groundnut selling N/kg 426 .400 ~-0.74 317.41
Millet selling N/kg 120.83¢ -0.7z 86.62
Sorghum consumption kg 1,199,840 0.00 0.20
Millet consumption ke £16,940 G.00 0.00
Total gross margin 831.35

1 . . . .
The negative values in this column refer to the cosu of crops production
or labour hiring activities. The peositive values refer to the returns
from the salc of crops.

This result was I'urther confirmed by the detailed examination of 15
farmers that grew 2K 5912 (tha improved sor@anm) arainct 1% cthers who did
not grow SK 5912 in the 1980 farming seagon . The total rarm gfross war-
gin of the Carmers wno did not grow 59 54917 was M4,G46 .80 while that of

those who grew SKE 5512 was N3,000.49. & scmaller per o oross margin was
thus associated with orowing SK G120,

Further, rclevant data for corphum production at IAF were built inlLo
the nousechold farming model as an additionzl (twelt'th) activity, Table 4
shows the experimental sorghum production activity entering the optimal
plan at 1,76 hectares. Also, the averaps oross margin of N1,247.81 per
hectare associated with the IAR sorghum produciion 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.
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Table 4. The Linear Programming Optimal Plan after including the IAR ex-
perimental sorghum preduction s an activity.

Activities in Unit of Lovel of Pricesunit et

optimal plan activity activi of activity Revenue
ha Y

Millet,indigenous

sorghum ha 1.037 57.31 ~59.43

Millet/indigenous

serghum/groundnuts ha 1.073 52.78 -57.71

Miilet/indigenous

sorghum/groundnut /

cowpaa ha 0.020 65.70 - 1.31

IAR sorghum

production ha 1.158 68.88 -79.76

November labour

niring Manhours 12.52 0.06 - 0.75

Croundnut selling N/kg 400.954 0.74 206.71

Millet zelling N/ke 85.614 -3.61 58.71

Cowpea selling N/kg 2,605 -0.72 1.88

TAR sorghum

selling N/kg 1,619.511 -0.55 9C6.93

Millet consuption N/kg 619,40 0.00 0.00

Sorghum consumpticn ke 1,199,740 0.00 .00

Total gross nargin 1064 .85

2

Table B, Level of adopticn of the improved sorghum production recommenda-
tionr in the GCP aren.

. 1
Sample Sample focemprendations
description cize T2 3 i 5 t 7 ¥ 9 Average
~
Membzrs !
of GCP 111 SOse T4 15 C 2T 2N 40 34
lon-memberes
of G{P 4 2 50 1005 0 G HUBE 26 25
Total 153 47 g4 20 2 5 11 22 20 36 29
1

Described in Table 2.





http:destruction.by



http:plan'ts'.to

214 APPROPRIATE TECHKOGLOGIES

recommended ridging was rejected mainly bacause farmers could either not
afford the implements it required or they laucked money to hire labour that
would do it at that i

The results of thir stwldy show that only three ceasons after che pro-
ject's end, the GCP implementad technelogy fur corghun praduction was not
widely pracliced in thﬁ Giwa area. A Palrly hish numbeor of raprmers were
observed to be growing the improved chum variety alongeide the indige
nous varieties. Bub there was no wic ad culhorence te the olhar recome-
mendations of the packapge, except for

drocosing, More impertantly, no
single farmer wus ed to have n only the improved variely of sor-~
whum,

Gross nar {‘;l ]

swoed hhat tho f(cHnology was profitable
st. Howewer, agiven

cooboaso (particonlarly capital,
: ] i LUQ linesr prosramming analysis showed
ationaioin fellowine ~he indircnous methods of sor-
apreared o be prelatively nore profitable than the

bour and managerent
that the farmers e
ghum production, whi
improved nractices.

seridwart varietiszs ol corghum
only with the use of specific
pous varisties cequire little
] : ~oqs Lhere wwtd be a total
not applicd to the imoroved S0 5917 va-
connot afford the resources reguired to imple-
wdpew Lites, Horeover, btns indigenous varleties had
other uges for the peasant farner, liie cnd fencings, to which the
snort-stem improved varieti could not

It can be ccncjndrﬁ
iszeminavad by the 7
cultural practices.
or ne fertilizer for o
<rop faiiure if forti
riety.] Often, t!
ment the vee cmmaad

o+

LY Wate
mer growing Lhe
growing the i
ment of the
with the view
crariecz.

plicity underatood that the recource requirements for a far-
improved socpnum vorlo oty vwould Lbe greater than that of one
15 variety,.  deverth that the devyelop
sorpnum production been undertaken
al low rosource bace vltimate benefi-

Accepbtability of an improved technolesy by foapmers is strongly rela-

3 AV\LEC“LJL](” of the farmers, the nature of
’cr“nOLOQy, Trere i3 also a need
:nous tochnolopy in the lifesty-
1o of th vLternative nrovision is made for
the : houscs, they will naturaliy prefer
the traditic sorsner varlety to the improved variety.

ted Lo L
the tuc“nol
to urder

ions can boe made:

of the improved production
e znd needs should be ascer-
ological survey as well
rs who stand to benefl'it

Speciriculiy, the I
(1) Prior to QLJr”‘v

as discuszions
the most frow the cechnolomy
(2} Tre resource bane cff ihn

oted Tartiees needs to be considered

These c¢bservotions ucre made by wringl during the August/

September 1980 survey peried.
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in developing the technology. The profitability analysis sho-
wed that the resource bzse for z larmer growing the improved

orghum vas necessarily greater than that of the farmer pgrowing
the indir>nuu4 sorghum,

(27 The producers and conswners of the crop invaelved cught to te
incorporated at an early stage o the ‘U"h“‘td 7 development.
This would ensure a system <f fzedback between the scientists
and {armers as everyv element of the te Aolﬂ‘v is Lestad by the
farmers themselves,
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Spatial differences are differences in height, plant architecture
and density arrangement. Munipulating spatial relationships moy reduce
competition for light, witer, and nutrionts. The literature on intercrop-
ping in the JAT Hest Africa provides numerous examplcs of the advantages
partially or largely resulting (rom sputial complementarity.

Andrews (1974} showed a 7Y% increase in gieain yield when dwarf
socghums were used instead of tall varieties in a millet/sorghun intercrop.
This increase was due to both piant architecture and hipher dwari sorghum
plant densities.

Variation in the spatial arrangement of cowpens In a malze/cowpea
relay crop was reasoned to be a cause of yield variations in thi system
(IITA/SAFGRAD, 1983). 1In Malr, sowing coupeas in the same bill as millet
has been shown to reduce the advantozes of the intercrop avslom, compared
to alternate row planting of the tws crops (Hulel and Gosseye, 1984, Sera-
fini 1984). 1In tie prosence H»U adeguate nitrogen Y”F*illtj, cowpea den-
sities and yields may o increased withou! rificing cevrezal yield in the
sudannian zone (Serafini, 1984). Cther adVanuxpaq associated with spatial
effects will bz discussed mors fully under munagement factors,

The most important sources of complementarity cccur in intervcrop-
ping situations where the growth pacterns of the component crops differ
in time in such a way that the crups make thelr major demands on resources
at different times (Willey, 1979x). Better temporal use of resources oc-
curs when the associated plante have dirferent matueity periods. Many of
the advantapges that have becn shown for specific intercrops in the SAT West
Africa can be attributed to this type of complemenZarity.

In central Burkira Faso, investigations on malze/cowpea relay crop-
ping indicated that temporal aspects were important yicld determinants in
this system. The delay in plonting cowpon 3 malze had an important
impact on cowpea yields in that it affecued the duration of the overlap
between the two crops and the lenslh of the growing period available to the
cowpea, In this system, the na: of iate varietlces of cowpea was important
in achieving a yisld advants Frect, early iypes perrtormed poorly com-
pared to the lats types VFGHAL, 1980 wand 1982),

LITR

ravinized the temporal complementarity in a malze/cot-
fon assccinter , contributingg to a Y advantagze Corr the relay crop
system (TiTa/5AF D, 9431, As opposed Lo an early sorghum, a late millet
provided a more productive association with mailze in the Sikasso region of
Mali (Serafini, 1634).

Serafini {1984) demonstrated that carly harvesting of cowpeas for
hay crcated important intercrop wdvantizes lover 1008 in cereal/lepgume
mixtures.

Baker (1979a) reported that sorshum suppressed the  growsh of oot
ton more than millet or nalze because of its longer growing seazon in ex-
perinents in northern Higeriz,

In practice, it is sot always easy to separszte spatizl and temporal
ef'fects, Vhere variﬁfieﬁ differ in both plant heipght and maturity, cor
where the legume wmatures latcr than the cereal yet has a deeper rooting

system, both types of cumplementarity come into play. For example, using
millet, maize, and sorghum mixtures, Paker (1930) demonstrated that dif-

ferences in both height znd maturity accounted for tie majer part of the
yield benefit resulting frow the agsociatio -

evelene
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Rescurce use: Light. 1In intercropping, where dominant plants are asso-
ciated with dominated plants, the aim is5 to reduce competition for light
withoul reducing light interception {(Storn, 1684).  Light use efficiency
may be improved throuch the uso of pelay crovping, planting orf aominant
crops in double rows, increasi 38 inctinstion, and uze of multi-storey
intercropping systerns

Improved light use fficiency Logo been demorchrated in moany of the
intercrop systems researched  in SAT West Atvica, odthoush, in general, it
has not been quantified. For example, the success of Lhe Lot rampant
types of cowpeas {comparcd L. the sprect, early types) in the maice/cowpea
relay crop indicates more efficient use or lisht {IITA/SAFGEAD, 1980)., 1In
a maize/cotton crops munimiczed light competitiiion from an early, short maize.
genotype with poor leaf area development contributed to rrant inter-
cropping avvantages (LITA/SAFGRAD, 1983).

Fussell (1924) quantiriod improved light intercepbtion (up to 10%

-t

throughout the season in o millet/cowpea ilntarcrop compirod to pure stands
of the compone SPOp,

Moicture. Compe

ition for soil resourcas begins carly in the cvowlh period
of an intercrop becauce of the preferential development of roots over cshoots
at this stage. Lt has been clearly demonstrated in certain regions (Willey,
1979a,b; Itern, 19245 that intercrop systems make more eft 1c10nL usz of soil
moisture, resulting ir some of the observed intercrop advantag This ef=-
fect has been quantificd iu only a few instances in the AT 3 Arrica,
nowever,

Muleba and an 11984) showed that moisture avallability in the
month of Saptember is a crivical determinant of cowpea vields in maize/cow-
pea relay crops in the sudannian savanea, Maize ylelds were not affected
by the cowpea relay crop if the cowpeas were plunted cne month d[tPP the
maize, Thin syvstom demenstrates an important temporal relation
which moisture use efticiency iz improved through use off late senson molsture,

Halfl of the yield advantape indicated by improved LER's wus attri-
buted to measured higher interception cof radiation and increased molsture
use by the millet/cowpea intercrop over the sole crops (Fussell, 19384).

E'ex‘t:ili(‘er'. Zasearch fiom ~ther regiovng has demonstrated that intercropping
aystems make botter use of scil resources, resulting in increases in the
uptake of the nutrients, %,P, and K (Willey, 197%a, b: Stern, 1484). Thig

has been attributed to non-i.cerference of component crop roobt systems and
exploitazion of different soil layers. Hulet and Gosseyoe (12824) noted o
synergistic efifzct at higher proportions of cowpea in the millet/coupen
intercrep in the presence of added phosphatoe,

Vhen rroundnuts were inlercropped with cither sorghum or millet in

Senegal, it was {ound that intercropped cereals made better us: o {»rtxlim
zers than sole cerzols (Schilling, 1965). The uptake of both !l and Vo in the
cereals was increased when measured by foliar analys

Nitrozen fixation. Althourh the importance of symbiotically (ixed nitroen
in achieving yield mainz has been demonustrated in other parts of Lhe worid
(Willey, 1979a,b; Stern, 1984), little empirical proof ig availoble from the
research in SAT lest Africa. DSerafini (1u84) deronstrated substantial yield
advantages { = 100%) when the lesume wac harvested early. In some cases,
thiz lead to higher cereal yields in the intercrorped plots than in the sole

i
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the harvest indox was the same. I'n the Zikasso resion of Mall the inter-
cropping advantages of long season millet plunted lote into muice were
cleariy of this type (Serafini, 1984), In cuperimposad rixtures o cerenls
and non-cera2als, : : i3 associated with abgence »f cowpetition at

the reoproductive stuse. HMoreover, the harvest index ot Live ceresls ronulns
the same, thoush Lh» 1nu<~1141 barvest indey inorensecs, Long season ¢owpeas
planted late oo malze procents advantsres of Lhis type (VETA/ZSAFCHADN,

1960 and 1982,

Laportmt can acerus o Interoronping situations where
the spatizl arrvongens the cropz are manipulated,  Stoop (1981) repor-
ted from i weboinse that millet porformed bect when interaropped
irn paired rows rother thon albteruate rows.  Grouadnuts pertformed best when
planted in witernate rows,  Jimilarly, in (Nxtrxl Burkina Faso, improvea
yiclds (1000 wera obbtalned in malze/scowupens and soronun/cowpea mixtures by
moditying the cpatinl asrroamtemens and ‘“““ltj of 4! conponent crops, while
maintainineg (Konesud and Furst, 107%) or increasing (FUAT, 19781 overall
acnolty piv o

Sreer (19271) reported interactions beuvwsen arop combinations and
s01l type in contrad DBurking ‘ Foro the shallew, gravelly, sandy loams
on the platcau and upper zlopes, millen inturplﬂht& with carly cowpea and
groundnube cave retter (otnl yielda, On intormeciale to deep sandy loams
cituzced centraliy on millet or carly sorgnum interpianted with
carly cowpea were nope to perferm well., In tne dz2ep sandy loams of
the 'bos Donds®, late interplanted with either lute cowpea or early
maize gove the hest relative yields, Thus, the choice of the dominent ce-
resl {willet or sorghur) depends upon the nature off the soil as well as the
avpected rainfall {(Stoog ot al,, 1982). Accordingly, the cnosce of the
best crop mixture Jeoends on toe nabure of the g0il as well us the aproclie-
matic context.,

afind (1934) woo wle o oahow vhab the relative time of plunting
ol the tus interceops, their spatial arrayoment, and She time of removal
of the competitive effect of tl“ fercurs L:'tla_L in detsrmicing the
yield cain ond its zource in cercal/legame intercropping systems in centra
Mall, Flantine cowpeas at Bhe some Lime, or in the same Lill, reduced the
contribution of the 3 ; ‘Wvly
ve of the legume resulted in wadimun hay v it
Sy

tle or no reduction orf the cereul yield,

arud anced bhe

Stopility ; 4bitity lmgs bLoon gpropo
vantame of Lntﬂhfxrro s °“Lumu (will=y, 1979a,l; Ctern, 19b.). This oc-
currence i3 explaired by the onee crsp Lo compensats for the poor
verformonce of the other, h;'~ el crep suifers frem “Lv-zc (e.z.,

drought, disease, inooet attaow), tha 1oos in vigowy 1s compans for by
the other Lro"(Q). For an cxbensive povien, on inzects and tneaw on
irtercropoing and en yiold sts i o should refler to the re

view by van Huis (1984)

r {1980) atbemrted to demorstrate yield ; \
tercrop system usirgs Finlay + Wi.kinson's (1943) method of stabllity snaly-
sig. He feund that thore woo no differconce between the stability of the
intercrop (groundnui/cereals) rver the sole srops for nerthern Nigeria,
Using probabilities of Jailure based on a 'disastert level of incoms, these
intercropping systems were {ound to oo more stable, In the pr nee of a

severe streak virus uhbtack on moise in sounthern Mali) millet/mzize inter-

.
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IMPROVED MIXED MAIZE-COTTON PRODUCTTION TECHNOLOGY FOR THE SMALL-SCALE
FARMER IN THE NORTHERN GUINEA SAVANNA ZONE OF NIGERIA

Samm BBUYEMUSOKE, Thomas BANTA, and 5.0, ABDULSALAMII

Mixed crcpping, the set of cropping patterns whereby wore than one
crop is simultaneously griwn on the same Jald is very widely practiced
in northern higeria. In tae Zaria arca ot 1 State, Worman (1974b)
identified 156 different crop mixturcs; In thg ctudy, sole crops were
reported to have tzken up only 16.8 percent of the cultivatad land
acreage. On the other hand, two-crop mixtures teok up 42.1 percent of
cultivated land acresec, threc-crop mixbures 23.7 vercent fovur-crop
mixtures 12.1 parcent and Uive-and givecrop mixtures 5.5 percent.

Degpite the ovarwhelming popularity of mixed cropping it has attrac-
ted relatively 2ittle coordinated research. Ii has been ated that
this may be due Lo the perszistent psychological notion that serious or
"progreaszive’ soientific rescarch would not concern itself with a practice
that iz so ciosely linked to subsistence agriculture (Nerman, 1974b)

Towsrd the 1970=. resezrchers the Tnstitute for fLgricultural Resezarch
‘TAR), Samaru, can systemotic, i not intense, work on the mixed crop-
ping in noruhern Higeria, & brief review of this effort is provided below.

The development of mixed cropping research o date at the IAR, Samaru
may be viewed in terms of lour distinel, if° somolines overlapping, phases.
The first phaze in tha lote 1950s wan spearheaded by Hormon (1967. 1968,
1870}, It concer the agtablishment. of tne importance of mixed
cropping in nerthern Higeria ord the need for rescarchers end policy
makers to ne aware of inportance in desizning their work and imnlemen-
ting their policies. The sscond phasc, Tram the late 1960s through the
early 1970s, consisted ol a scries of experiments and farm level surveys
aimed at ravionalizing the practice, Tis importance had been established
in the first phase; bthe (”ntlll question of the second phase was thus way
and how farmers meke senss oub of mixed cropping. Five reasons were ad-
vanced to explain the continued and probably growing, importance of mixed
cropping:

(1) Mixed cropping allows for the more erficient utilization of such
environmental facters as molisture, nutrients, and light; it takes advan-
tage of the symbiotic relationship between the nitrogen-{ixing and other
plants: and long-stalk grains like maize and sorghum can support the
creepers, (Andrews and flasszn, 1975; Norman, 1974bj.

(2) Mixed cropping reduces adverse conditions, like the intensity
of diseasas and pests, in the ccosysten (Caswell and Raheja, 1972; Hayward,
1975; Norman, 1074b)

{3) Mived crepping orevents

(4) Mixed cropping provides h
Kassam and Stociiinger, 1973;.

(5) Mized cropping reduces the risk of crop failure associated with
sole cropping (Balker, 19074; Caswell and Raheja, 1972; Hayward, 1975;
Norman, 1974a).

il erosion {lorman, 1074b).
ieher yields and returns. (Baker, 1974,

L

1 Research Fellows. Institute for Agricultural Research,
Ahmadu Bello University, Samaru-~Zaria, Nigeria,

236
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The third phare of the work on nixed cropping, aL gamaru began i

the mid-1970s and continuss today. This phase consiste of the design and
execution of experimentsl work ainmed ol the ueJtJJthDt of nixed cropping
packapes that ar. suit.ble for the Institute's coologlenl zones.  Andrews,
1974, 19755 Baker, 1974, Casuell and Lahejz, 1977; Hayward, 19737 Kumar
and U’Hnlu_u, ieRG s and Fishor, 1&sa, 1984b; have been instrarontal in
this «'fort,  In adaition to the o *\r‘wmhal werlk al Doari, many of the
packz aevelopaed have veaa tricd and evalus qy ceriment
slues in various locabtions,

L3

>
r—
7

. s o
\ at TAR has

only jus
of the

urih and latest phase of wixed croppings i
L oo, iz vhase involves the onelarnm te d vepritication
molony pa e In phase three, Lo premove
censbraints and incre agricultural croduction in an arca. Using infor-
mation From village studics, the yields and inmprovemen! prospects of crop
mixturcs devedcoped at Samoru, and the avoluation studies of the State
Developnent Projeci.: (QDFS), the Farming Systems Research

) at TAR has set up a list of priocity mixtures for experi-
men.al study end on-farnm testing., Maoize-cobtton was the Jirst mixture
salected {or on-rarm testing in 1083,

Although on-farm testing by 14R of a mixed cropping bechnelogy pac-
first occurred in 1983, some of the State ADPs had tected mixed crop
packuages somewhat earlier, By 1982, both the Ilorin Agricultural Deve-
lopment Project (TADFP) and the Kano Agricultural and Rural Developnent
Authority (VNAEDR) were carrying out their own on-farm trials on ~rop mix-
tures (Ilorin, 1982; ¥ano, IOJS, 1984), The IADP trials tested single
components (c.u , fertilizers, variceties, weed management, uand pest mani-
~ement) in the existing, larggly mixed, cropping pattern. This approach
constrasts zomewhazt with Lhe TAR and KMARDA approaches which take the Torm
of iedalbllity studies of whole production packages for given crop mixtures.
At the IAR-zponsorced workshop on on-farm adaptive research in Samaru in
April 1984, these two strategics were noted. It was suggested that both
vere useiul and that the rlr:‘mqta ces under which each is most appropriate
needs to be defined (Farming~3ystems Research Program, 19%4).

cognized only in the past decade or so that maise pro-
ductlon i suited to the physical environment of the Guinea
gavanna zone of ilige (Baker, 1975 IAS, 1974; Norman. 1976). Experi-
mentally. maice h_b yielded several times more grain per hoctare than im-
proved sorghum and wmillet (Balker, 1975). Thus the greatest potential for
maize production in Nigeria lies in the Guinea savanna zones rather than
in the traditional mailze growing nreas further south, including those
areas that are c-pable of asupporting two crops of maize in a vear.

Little or no inorganic fertilizer is used in the production of ce-
real crops under indigenous conditions in the savanna areas. To obtain
any worthwhile maize yield, however the appiication of fertilizer is re-
quired (Baker, 1§75). Thus the enormous potential for msize production
can only be realized with high levels of fertilizer inputs.

On~farm, raize is riding a crest of popularity as both a cash and
food crop, despite itz relatively rccent appezrance and the fact that it
requires more inputs than the area's troditional cereal crops.

In centrast to maize, cotton is believed to have been grown in
noerthern Nigeria for hundreds of years. The savanna wunes produce about
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Table 2. Cost 2nd resurns of maize-~coiiton mixbure pes hectare,

O onervicides

23 Hon herb

sing Carms uzing larms
r‘r"’hi“'“
Malze yields, ka/ha 1163.4 332.2
Value, of maize, W/ka 969,72 282.3
Cotton vield, kg/ha 250,4 203.¢8

YValue of cotten, H/nal 182.3 212.6

manhour /had 3
71.4 { h4,6) 107.8 { 67.4)

.9 (126.4) £3.9 {140.2)
4 (171.5) 171.7 {(207.€)

Land, ha C.9 c.8

Cther inputs, N
Maive seed
Cotton se<d
Seed dressing
cAN fertilizer
BEP fertilizer
Herbicide
Animzl hire
Total cost of matarials

R,
e O =
o e s a
1OV oW O k-
« .
Ww-1-30n

.
PO O

O

Gy QO

v c

N

N e

Ol = o = O

Net. returns,

e LEAE B

Per hectare 003.2 158.2
Per manhcur (all labor) 3.1 0.0
!

value of maize is based on an estimated farm price of K 0.85kg lor
sher 83 to May &4, The value of cotton is based on the Cotton
Eoard's prescribed farm price of H 0.70 for grade A cotton. Tt chould
be noted, however that ia most cases, cotton buying agents pay farmers
less than the legal price.

o

ro

The following conversions were used for man-hour equivalents: Children
7-14 yezrs, 1 hour = 0.5 marhours; Lor n above 14 years, 1 hour = 0.75
manhours; Hen above 14 years, 1 hour = .OO manhoursc

3 Figures in parentheses are the cost of the labor in H. Hired labor is
valued at actual cost; family labor is valued at ¥ 0,625/manhour, the
estimated average cost of hiring labor in the area.
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Table 3. Laber diztribution by coperation.

23 Noenherbicides & Hezrblcide-using

Farms farms
House - House -

Operatinn hold Hived Total Lol Hired Total

e e e et e i - h r ——— —
Basal Fertilizer 7.5 5. 13,0 9.6 0.0 3.6
appilication
Land preparation 1.5 Db 7.0 3.2 3.4 6.7
Sowing 2.1 25.0 27.0 1.3 6.3 22.1

Herbicide 0.0 0.0 0.6 0.0 3.1 3.1
application

frertilizer 6.2 4,7 10.9 15.0 0.0 15.0
sidedressing

First weedin[;l 26.0 29.8 55.8 10.1 0.0 10.1
Second and 8.2 17.7 26.0 0.0 0.0 0.0
cther wesdings

fidre moulding 2.5 4.6 7.1 7.4 0.0 7.4
Maize harvesting2 12.5 84.6 7.1 24,5 27.2 51.6
Cotbon picking 4.4 48,3 52.7 21.6 26,7 46.3
Total’ 1.2 25,3 96,5 106, 65.2  174.9

Includes thinning.

Includes threshing.,

3

Total figures may vary slightly reom these in Table 2 because of rounding.

Table 3 gives a Greakdown of luber inputs by operation. Since all
fields had been in cultiv in the previous season, the labor  input for
land preparation wag ralatively swill. and virtually all of it went to rid-
ging. Al preparation used oxen-drave oquipment.

Most farmers made ridges and then spread basal fertilizer along all
the ridges. Some farmers broadcast the baszal fertilizer on the old furrows
or harrowsd land before splitiing the ridpes. Compared to Norman's Daudawa
study (1676 where fertilizer was applied as drecsing to each plant, basal
fertilizer opplication in the current project was simple and not time-consu-
ming. The fertilizer side dressing which took feriilizer to each individual
stand used up almost the same amount of Lime as the basal epplication despite
the fact that the former wuas only about 40 percent of the latter in quanti-
Ly.

Apart from harvesting, weeding and remculding the ridges had the lar-
gest labor requirement, taking up 88.9 manhours on the average. WYeeding
the crops planted on the same row took up considerably more laber  than wee-
ding the crops planted on alternate ‘ows, presumably because of the nigher

el o
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Tabie 4. Mean yield of maize and cotton for each Tarmer.

&T ¢

Al

245

Colton

Farmer

Yield

011 634 3 3
(O 435 L4772 AL
03 635,20 1227, 1041
04 940.3 '
o5 76,0
06 A
o7 U3, 6
08 a7

1 g
014 5.6

10
1
12
13
14
15
16
17
18
20
21
22
23
24
25
27

D

1

r
[N

o

455.8
73004
340.9
1635.0
502.4

7,387
0.344

kir/ha
278.3
i27.%
00,2

5.7
1511

51.2

1 Used herbicide.

i appavrent tha improved maize

successfully, e r
c

PR
v

ahould

-

Carmer ne comps

rarts that fit his

Profit., Profit is, of course, caleulabed Ve lume
Tes CF the ocutput, ond the cost produci
profit of H 202,19 per hect f'or the core
return per manhour (Tatle e [icures
for example, Lo Worman's { for the nr

from the
N
L

e output. 1

3 ﬁ‘ y
action of =
into oz

t

10

in 1673 and 1974 (Norpan, pub one nax Lo bake
that the goneral price level in iligeria has gone up

in the last 10 years,

Again, no stabtiztical tests
between yield and profits, bul a
Farmers with

curaory look at the budgets

-Cu

malize

count

Jon mixture
ct’ improved prac-
particular rar-

af oulput, the pri-
he resulis show 2
ers, oqual Lo ¥ 3,00 net
seem high whet compared,

in Daudawa

the

Doyt
Loy

by 300 Lo 400 percent

have besn coniuched on the rel=ztionship

suggests that

the higher vields show higher profits than the farmers with
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CEFEALS-COWPEA ASSOCIATIONS IN BURKINA FASO

Sibiri SAWADOGO, Joserh C. NAGY and Hurbert W. OpM1

Crop Associztion is o i
Faso and throughout sahelian Yest-Africa, rciation may invelve ce-
reals only, cereals and prain Terumes, and corosls and certain cash-crops.
Viilage studies conducted by 250 ) j : that a very small
pertion of cereal fields nre obo 3% of milleu fields, 1%
Lo 27% cf red zors Yo of white soeghum fields and 7%

g ard Meorris, 1984).  Among the

rally encountered are
in T0%
Lo 100%
ig very

Sho¥sep-

types of assox and
those involving ¢
to 62% of mi]
of white
rarely
tion that

hovever

Ceoppine in

aszociction e the wminimization of

irprevie: crop donsivy, the minimiza-
swil boeterasren-ity, insect pest

tous climatic

tection and

i tbare, a better

eodingg, ond cavings in land,

rigks inclu
tion of negai
and di. ;
sbresses Ly
inprevemant
utilization
taber ond

cronoin

s

J . in particular
ihis {arm, have
ition, the
2o obhain din or foliage
Sarmertzs priue interest
intion vhat would lead to a

The Cioecoonos of
on Tareer's
shown nopraciicing v
chjects Lo noaxin
surplus from the associabted
liea in the al crop and my
decresse in the vi the coreal would tobe rendily adopbed by farm-
pricarily proun for 3 f 1, but its edible lezves are

i owonsumpcion during the hungry seasgon.  Also,

ind used as cutfle feed during the dry season.,
The prein which » a high prolvin and cner content adds o the diver-
31T«

tion of Lthe Jdict espociolly during the cropping scoason.

oo}

thoze
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-
.y )
ars,  Cowy

greatly in domand Cop by

ths leaves are harvoested

o LS

to crop assocliations can be

relative

is specific
iteed mininly dn terms of soil

(1} the profitab] crop
to the Ltype of 5ol
moisturs nnd 3

(2) cowpea and millc
nutrients Lhoan

{3) inthe system of

plant structure

)

Tive in the

of soil

ciation, cereals with compact
2a fodder produccion

D RARD NP als !

72 o Condl Lo
than cereals with opeon plant structure,

{4} sorghum-cowpo: iation responds bebtler to fertilizers than
millet-cowpea association,

TAgricultural Teonomist at IRRAL, Burking Fase and Agricultural Economist
and fpronomist at FSU/SAFGRAD re y
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Muleba and Sroackman (1084) have shewn that in the sudanian savanna,
soil and water manapgement appears to be a decisive element in the systown
of maize-cowpan P”‘WYnl“wal”L. By using ooely wmaturing moalze cululvars
and tied ridging techaigues, it is peasible Lo demenstrate Lhat cowped
can be successiully "U]ul 1L:d in vrelay with mai vithout cousing a
docirease in the yield of the cerenl, i7 cowpen is plonted one month af'ter
maive. ”wwaDl, the grain yiold ol vovpea iz mainly oftected by the

quantity and distribution of raing i :ptembor.

Y

The objective ot FIU/IAFGRAD studies report creowWaas o determine
the performance of the systems of coreanls cowpen aasociation in cunpeti-
tiop wibth ceresls solo-cropping ov with Lraditionnl systems of associa=-
tions., The trinls were conduched over several yeurs, but here we are
reporting those trials of 19823 and 14382

FATERTALS AND METHODS

Ihe experiments were conductad on makrze and millet ansociations With
COWpea They wore: "ur‘,v.lﬂ.cu,-d on frymers' (izlds near the FSU research
village q31vu, st Dangassy, Nedogo and Poedogo, located respectively
110 km and 20 km nNLLn—OW;' and 130 km south of Ouagadoupau and at
stﬁankuy 10 km north-east of Bobo-Diou ncso.  These locations represent
diffevent ec 010V1ca1 and sociv-economic environments. The
were carried out by tne FSU apriculrural technicinns st each
village, under the supervision and monitoring of the researchers.  The
treatments involved local millct varieties, local and introdec raize
and cowpea varicties, two lavels of agement practices (traditlonnl
and imppoved) and several densities of sociation and autes of secding.
The levels of improved manigement involved bied rudies and the wuse o
fertilizers and inzecticides. The local varietics of cowpea arc vampant
(spreading) and photoperiod sensitive vangs the introduced varieties
are photoperiod insensitive and have an erect hobit of prowbh,

The economic anald

wquived infermation aboubl the prices of ce-
reals, cowpea, forbtil e and the rital cost of the
sprayer.  For the purpos: s of products and
factors of production in 10>ﬂ were usod Lo analyze the dota of 1983, The
additional labor roguired for i pplying fervilizers and
spraying was also reguired foc parameters were
aynthesized {rom flold experiences 01
footnoted in Tables 1, & and 3.

o

stalf, This information 1is

The economic analycis only conui the pevenues Jrom the millet/
maize and cowpea craing,  Henerits rccelved feom obhor sourcel such as the
use of the stocks for rencing or in the household or the use of the cowpea
vegetation for i consumption or acimal fodder is not incinded in the
bucget analysis. Carpyover offects of fertiliser have oise not beoen ine
cluded in the apulysis. However, o 5¢ /

nsitivity analysis using a 25%
carryover of both 14-23-15 and urca at an opportunity cost orf 19% sives
economic resulis that do not alter the poinls made in the Results and
Discussion part of the paper.

Experiment I: M] let-Cowpea Asgociation, 1993, The objective of this
experiment was to determine the purlﬂxmankn of millet-cowpea associations
under farmers! conditions in relation vo millet solecropping or to tradi-
tional low density assoclstions.
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The experiment was conducted in 1683 at Banpasséd and Dissankuy
The experimental desizn was a randomized complete block with fornr BSlocks.
The seven treatments including threce popalation densitieos and two manage -
ment levels were the following: :

(1) millet seolccropped ot a seedling density ol 31,200 plants/ha;

(2) millet at 21,500 olants/ho aad local cowpen af 7,800 plants/ha
seeded alony, cvery second row off milleig

(3) millet at 341,000 plants/ha, local cowpes at 31,050 plants/ha,
cowpeas woere seeded glong the rows o @milieb.,

{4) millet and local cowpso at pespectively a so2dling density of
62,500 plante/ha, cowpeas were scocded in rows betusen the rows
cof millet;

(5) millet at 31,750 planls/ka, TYZ 3-36 at 7,800 plants/ha sceded
as in Treatment O abovey

{6} millet ond TVX 2036 al 31,250 planbs/ha seveded as in Treatment
3 above;

(7) millet and TVX 3230 ot 62,900 plants/ha seeded as in Treatment
4 above;

]

For all treatients, rowsa of millet were 80 cm apart. Millet and
cowpea were secded on the sase date.  Under Treatments 3, 4, 6 and 7,
cowped was treated with Thiodan (1 1sha) ot flowering time and 1C days
later.

Experiment 1i: Millet-Cowpea Asseciation, 1984. The objective of this ex-

periment waz vo evaluate the pertormance of  on-farm millet-cowpea asso-

ciztion in comparing traditional densities and in combining various

densities of cowpen and milleb, The experiment was conducted at Poedogo

and Bangassc in 1984, The experimental design was a randomized complete

block. The seven treatments were the following:

(1) millet seclecropped at the density of 31,250 planis/ha:

(2) millet at 31,750 planls/ha and local cowpea at 7,800 plants/ha,
cowpeas seoded in rows tetween cvery socond row of millet:

(3} miliet and Yocal coupca at 31,750 plants ha =zach, cowpeas seeded
in rows betweon rows of milled;

(4) miilet at 31,250 plants/ha and local couwpen at £2,500 plants/ha
cowpeas secded in rows botwean rows of millet;

(5) millet and loca. cowpea cach ab 62,500 plants/ha, cowpeas seeded
in rows between rows o millet;

(6) millew at 31,250 plants/Zha and TVE 3236 at 62,500 plants/ho,
seeded as in Treitnent 4 above,

(7) millet and TVX 323C cach at 67,500 plants/ha, sceded as in
Treatment 5 above.

For all treatments, rows ot millet were 80 cm apart., Millet and cow-
peas were sceded on the came date. No fertilizer was applied. Cowpeas
Wwere treated with 1 1/ba of DECIS and Thirdan respectively at flowering
time and 10 days later.

Experiment, I1i: Maive-Cowpea fssociation.  The maize varietices were
SAFITA-2 {devaeloped by IITA) and lecal maize; the cowpea varieties included
the (photoperiod sonsitive and rampant) local variety and TVX 3235 (photo-
period inseonsitive and with ercct habit), The improved management involved
tied ridges, the applicat.on of fertilizers and inseciicides wherear the
traditional wanagemznt was the farmer's practice without tied ridges and
without fertilizers.



http:applicat.on
http:Pcitillz.er
http:cowpo'.ar
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tedte 1. Killet and Cowgea Intercrop, 1983,

e mme o Bk M AL fon ot mms i s e O 0 B 0 % B 0 4D 1 o8 o e o 8 1 e b e Sk e 50 o4 608 B b

il (2 (RS ) Y (43 {73
L2 LKZ  LH2 M3 LR2 MR LND 2
LSt LT LB TRy T iy 5.E.
Hillet Yietd, kg/ha 1892 1R12 AR 1792 2048t 111.2
bain in Riilet Yield Over Troateent | - 12 177 e ik
Cownes field, kgrhi - P K IO 24 uBl% 43,2
Bain in fuepea vield Over Treatsent 2 - - 440 3 159 #45
Nilizt ¢ (owpes Yield, kg/ha 16928 20798 257268 ZoaZud Z00% 248 22933 107.6
Bain v Milledl v Cowges Yield Over Ireatsent | - 33 B8O tute g 22 16T
Net Revenae, ‘osn (RO, o/ {36 19y 25t 287 {53 134 g
Esin in Met Reveaue Gver Praatszat 1, *000 CFA. - 37 7E N 29 0 2y
Return/ior of 2dditional iabnr, CFA, 4/ - - 2500 TG0 a4 2 474
Bain in Net Rovenue tver Treateent 2. 000 OFD, -37 - 18 56 -B I 33
Returnfar of ddditicnal taher, {FA, 4/ - - 083 062 - 15 23
Bangasse

Riliet Yield, ¥g/hu 464 T91 0 2936 24418 430 07 I £9.9
Bati tn Hillet Viold Qver Troatament ! - SMEE ) Y LIS Y AR A
Cawpes Yie!d, ky/ha - 166 63 82§ e N 398 3,2
Bain in Dawpea Vield Over Trpstaeat 7 - - 152 e -9 1 139
Miliet + Uuwpsa vieln, giha 89 580 &0 526 3le 622 M0t 9.7
53in in Fillet ¢ Lowves Yiedd Ovor Trestgeot | - 91 TN 62 52158 2%
Net RHevenus, ’uao (¥, 3 3 52 48 i0 46 i8 v
Bain in et Raverue Over Treatsent ¢, 1000 L7, - 9 b -3 5 5 4
Seturn/hr ot Additional Lchor, TFO, 4/ - - 147 - 9 2 7
Bain 1n Het Revenue Over Treatsest 2, 000 CFA, -y - -4 -12 -4 -4 S
Return/hr of Rdditianal lakor, (5h. & - - - - - - 2

I/ LR = Jocal wilist varvelies: LC = local indetereinate cowpon varistiezy TVI = TWX 2236 detersinate cowpea
variely (1ITA), Dencilies of 7,800, 31,239, and 52,300 planisite are identified by the nushers 1, 2, and 3
respectively fellowing the millet and cowpea ideniifiers, Ho tied ridging or fertilization. Hitiet and
conpess were nlantes on tne sace day in cifferent pocrets.

§.E. = standerd crror of the difference betspen twg treateen! oeans, In the table, yields with an asterisk
18] indicate that the ditference betusen this sean yield and “hy aean yield of treateenl | is greater than
tuice the standard error. Vieids followed by a 9) indicate that the difference between this aean yield
ang the aean yield of troatesnt 2 is greater than twca the standard error. The coaficient of variation
{CVY) for aillev. cowpza and sillet * cowpez a* Dissankuy ave 17,0, 23.8 and 13,2 and at Bangasse 34,9,
32.3 and 31,3 respectiveiy.

et Revenue = vield of miilet and compea x prize minus the costs of insecticides, sprays and tha capiial
cost of the sprayer. The mvilel price is 92 CFA/kg (1564 fali OFAACEP price) and the compea price is 100
CFAZkg (1984 yost harvast priced. DEC(S and Thiodan insecticide cost 5000 CFA/litre, 1.2 capital cost of
tia sprayer is 800 CFA/ha.

Return/he of adoitionel labar :s caleulated a5 the gain 1n net revenae - additianal labor hours required
over treataent 1 o7 treataent 2 tor plasting, spraving and weeding, The séditionsi laber regquired above
that of treatmant ! is ¢, 39, 30, 175, 199, and 19¢ man-equivalant hours respertivaly for treatsents 2
through 7. Rhen coeparing treatments | and treateents 3 theough 7 to treatsent 2, the additional labor
required is 9, &3, 85, 210, 775 and 223 man-equivaient hours respectively.

2

~

3

~

3

-~
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Tahte 2, Millet and Cowoea Intercrer, (%54,
Troatesnts 1/
98] {2} (M) (4) ) (&) i
Lm2 LKZ L2 LE: LM LH2 i 2
LCi [N LL3 LES TVES TV 5.8,
Foudogo
Rillet Yield, ky/ha TIOE 700t 4273 4108 3ViSE S79e 530D 5.2
5ain ia Nillst Yield dver Trogtient 1 R VAR Y B TR B A X
Cuwpea Yield, ko/he - S92 bih AATE EDY 026 W 572
hain §in Cowpes Yiely Over Treateent 2 - - 73 175 80 -240 ~Z40
Riilat ¢ Coepea Yield, kyfha 996 12480 (04T 1088 1013% 90iE l28 92,8
Bain in Billet ¢ Cowpra vield Gver Treatment ) - 290 83 Wial 55 -47 -2%
ket Revenuw, ‘nco (F8, 2/ B3 108 34 74 87 b N
bein ia kot Revence Deer froatgent 1, "(0C LFA, - o0 2 b -i -1 -1
Return/te of Additsear) jakor, TF8. 87 - - a7 00 - - -
Gajn in MHet Revenue Dhver Trsatasnt 2, '000 CFf, <50 - -ig -14 -2t -3 -8
Return/br of &dditianal (aber, OF8, 8/ - - - - - - -
Banqasse

Mitlet Yieje, tg/ha O S € I AL £ VA 31 J70tE 4.t
bain in ®llal Yield dver Treatsent o - §1 94 i7 34 ) 177
Coupna Yieid, xy/ha - 21 143 798 998 189 133 43.7
Bain in Cowses Vield fver Treatsent 2 - - -8 -122 -132 0 -8 -48
Killet « Compoe Yieid, ko/ha 1938 4331 4368 IZ} GE3Y 3R%s 823 T7R.8
Bain in Pillet + Coepea Yield Over Treatmant | - W 20 14% 152 195 330
Net Pevanue, ‘ogo CF4, 3/ ] 33 0 i3 2t M i
Eain 3+ Mot Pevenue Over Treatasab |, 'of0 [FZ. - 13 1a 3 B8 g 1
Retueaspr of Additiona) leker, (Fa, 4/ - - 900 100 267 42 il
Sain in Ret Revenue Gvar Trealsent 2, °0Ch 0FH, -4 - -1 -9 -4 -4 b
Seturnsbr of Rdditional labor, TFA. &/ - - - - - - A

171 = tecal miflet varistins; L7 = local indelerésnate cospea varinties; TVI = YVX 3234 determinate cowpea
varicty {J118), fensities af 7,800, 71,230, and £2,9%% plartefha are idendified by the nuabers 1, 2, amnd 3
respectively folioning S5 safiet and cowpea tdenbidyers, Mo tied ridging or fertylization, Millet and
coupeas wore planted un the sawe day ip Jif{ereat puckels,

2/ 8.E, = slanda~¢ ervor of the difierence hetwown tun treataent seans. In the table, yields with an asterisk

(0} indicats that the difference betwoen #his eean vicld snd the wean vield of treateent |is greater than

tuice the stendard error. Yielss followsd by & @) ind.cate thal the difSerence betwzea tiis mean vield

and the eean vield of treatsent 2 15 greater than twice he standard oreor. The rceficient of variation

(CVYXY for millet, coupce and eilfet * cownez for Foadogo are 14,2, 15,9 and 11,9 and for Piagassa 35.8,

42,7 ard 26,9 respectivaly.

Net Revanue = yield of siligt and cowspe x price eanug the costs of insecticades, sorays and the capital

cost of the sprayer. The miliet price 15 92 CFiuxg {1904 fall OFNACER price) ang the cowpea prize is 100

CFA/ky (1904 past harvest price), DECIS and Thioden insecticide cost SO00 (FA/litre, The capital rost of

the sprayer 18 800 CFA/ha,

Return/hr of additrenal fabor is caleulated 24 Lhe gain in npt revenue - additional laber hours required

over treateant ! or treateent 2 for planting, spraying ard weeding, The additional labor required above

that of treateent i is §, 10, 3¢, 30, 190, 2nd 190 men-equivaient hours raspeciively for treatsents 2

through 7. Bhen coaparing treatseats ! and trezteents 7 hrough 7 to treataet 2, the additiensl labor

required is 9, S0, 59, 50, 210 and 219 aman-eauivalent hours respectively.

3

=~

4

~






Table 3. Haizw and Loupea Intarcrop, 1964,

SAWADOGO E° AL

Raize Yield, kg/ha

58
L]
LC
TP
Naize Yield, kg/ha 34
Gain in Haize Yield Qver Traataznt | -
Cowpza Yield, kg/ha 943
Sain in Cowpea Yield Over Treateent | -
Haize + Cowrea Yield, kg/ha 981
Gain in Haize + Cowpes Yield COver Treatsent | -
Het Revenne. 'aco CF4, 3/ 87
Bain in Het Revepup Over Tresteent 1, 900 CFA, -
Return/kr of Additional luner, CFA, 4/ -
403
B2in in Haize Yield Over Treatsent | -
Cowpea field, ky/ha 260
Gain in Cowpea Yield Over Traataent | -
Maize + Cospea Vieid, kg/ha 662
Bain 1n Haize * Doaped Yield Over Troatwent ! -
Net Revenue, ‘ozo CFA, T/ 52

fiain in Het Revenne Over Treztaent 1, '500 CFA,

Return/in of Additronal lakor, CFA. &/

1910
ta7¢
13863
639
34939

k1

304
a7
iz

667
264
351
91
1018
356

&7
13
7

Treatsents i/

(3} 131 {5)
g2 g2 52
iyl 1vx L
LLS 1Y 13
Poedago
FATIEE178 B
370 U2k 1?
876 563 897
-89 -3 -8
749 28931 9éd
=232 19k -2
64 741 B85
~23 158 -I
- 604 -
Redogo
897 125 236
194 722 -167
0§ 03 260
-260  -280 0
397 125 4%
-6 463 -lhb
44 74 37
-8 27 it
- :: -

21351
20
1051
104
200N

ann
eda

274
187
2939

122
39
334
74
1038
34

159.¢

263.4

206, 1

438

75,0

283.4

1/ LK = Yozl majze variotios; LU = loce!l tndetereinate cowped varieties: §-2 = Safita-2 eaize variety
(TITA); TVX = TYX 3278 dotprainate cowpza varrety (IITAY; 7P = Traditional wanagesent practices

ie,, no tiea ridging or fertilization, IMP =

Tied ridges constructed prior to plznting, 200 kg/ha

14-23-13 epplied in 3 dang 10-15 ca. fros rows of 2aize at planting and 56 kg/ha urea applied in

pockets at 10-15 cy, fros qaize seed pocbets one sonth atter pianting

2/ S.E. = standard error of the Gifderence between two treatoznt aeans, in the table, yields with an
asterisk (!) indicate that the differesce belween this eean vield and the eean yieid of treataent !
is greater than teice the standard 2rror.  The coeficient of variation {LVQ) for maize, ccupes and
aaiz2 + compea for Poedonn are 17,9, 73,6 ard 11,9 and for Kedoga 47.8, 45.7 and 30.4 [rspectively,

3

-~

Nat Revenue = yield of maize and cowpea x price ainus the costs of fertilizer, insecticides, sprays

and the canital cost of the spraver, The =aize price ts 92 CFA kg (1504 +all OFNACER price) and the
comnpea price 1s 100 CFA/kg (1984 pust harvest price), Fertilizer prices are 78 CFA/kg for 18=2%-13
and &4 CFA/Ey for vres 11934 official spring wrica), DECIS and Thiodan insecticide nost 3000 TFA/

litre, The zapital cost of thr sprayer 1s £00 CFA‘hz

4

-~

feturn/he of additicnal labur is calculated as tno gdin 1o net revenue - adaitional labor hours
required over treateent | for tied ridoing. planting, fertilization, spraving and weeding., At

Poedago, ‘reatmants 2 torough & required 199, 60, 285, 0, and 17§ additicnal san-equivalent hours
over treatoent 1, At Nedogo, Trectaents 2 thruugh & reguired 193, 0, 193, 0 and 13% additional

gan-equivalent hours of labor over that of treatsent !,

"
£

57
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Location Plantang Pattern
NEKPA/VIANTUGU D 100 fis 100 -G ——e O e i
Composite 4 p i r 5
Mankaraga W06 |2, £ @,
. o w? [y
FMix p 4 b 2
Sat g e ¥ i 77
Katinga local P £2 w5 e
P g & &
NAMBURUGU Tt £50) s > 10} e ) ety 7 e G0 g
Compesite 4 56 5 28
Manicarag l_ g g
Fraix " = g &
33 L3
m m £ &
g g

NAKPANDURT P+ 50 25 smm G0 e G B0 o #m 0 2 g 4 60 e G 0 03
STVD D ) g fis

Fmix g g
Katinga local p 5 s g a o] s
p 5 g
P s s I g 5 5
NAKPALA po— 45—C === 45— +— 45 = C +~ 45 —-vinelth—>C
Tocumen, Fool 16 ?O c C c
Local 23 s z 3 c s c
TH 8663 c c c
i C m c m c
C C
< ] t’ s I

Fig. 1. Plot A planting patterns. Humbers are within-row or between-row
distances in cm, m = maize, o = sorghum, ¢ = cowpea (within-row
distance = 25 c¢m), ¢ = groundnut {(within-row distance = 20 cm),

p = pigeon pea (within-row distance = 30 cm). Names of <¢rop varieties

are indicated under locations.



package of peactices, includi

sderate

Plot. A was a compiscte
arrangement cf pigeon pea and obther crops, and &
fertilizer (0.8 g ¥ as urea + 0.5 2 P an ;
P zs UW5/grcundnut 2r cowpaes plant, C.5 « F

ne plant; 001 g

Uys/rizoon pea plant).

v odensities were generally compa-
nt and rol Loc different from
rowith 2 stick, covering and &s-

N i
ser did wovk
only in Nakpa,
: cned and

The 3TMD sorghum establishment in Nakpan~
ny, bub with the Mankaraga we did not obe

For groundnu
while in Nakpanduri, piot
vhat farmers plantad in O
duri and Namourugi o5 satlst
tain decigned densitics.

Table 3, Plunt densities, 1984,

Plot A

Location and cro» Planted Lxzpected Observed Plot B Plot C

plant.s/ha

Nakpanduri

Sorghum (plants} 92000 22000 11530 14150 9958
Groeundnut 22100 10120 1930% 37740
Pipgeon pea 2323 8860 - -

rghun (stands) £950 6006 12218 8933
ize (! €950 10119 8381
516770 L571 23520 18905 21770

5860 8725 8225
9980 14840 10300
37800 20890 16680 19160
3333 24000 - -

Halkpa

Sorghum {stands) 7500 7500 6275 9180 12225
Maize 15000 11250 13070 11985 11180
Groundnut 37500 37500 32970 31130 22635

-~

Pigeon pea 33333 SRER 24075 - -

In Wantugu and Nakpa, most pipgeon pea seedlings survived and we
let them grow in the resulting high densities in the hopes of  grewing some
green nanure in 1984, By the tirme the malze was harvested, however Lnere
vas s:ill very little vepetative growth on the pigeon pea plants. Relay
pianting of pigeon pea fallow was cnly successful where it was planted at
the boginning of August on lower lving finlds.

veodes


http:comp-i.At
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500} A Maize yields
wool ]
r— ™Y
« 300} menn
£
Y 200%
1004
0 . i
600 r B Sorghum yields
— [
500 F
3]
& 4000
£ 300] .
200 )
ST H i H
0 ! l i 1 i
400 € Groundnut yields
N i
30C L
g -t
¥ 200
100
0 H I L | H | S SN T
D Gross marzgins
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8 30| - F'
* u
- L [—l [~]
e
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i B

Nakpa/VWan- Nambu-
tusu rugu

Fig. 2. Crop yields and gross

four villages, 1984,

C A B C A B C A

Nakpan- Nakpala Locations
duru average

margins achieved in on-farm experiments in
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Sorghum yields from Mankaraga, a late maturing variety, in
Wantugu and lakpa were lowest on the A plots Apart from the louer densi-
ties, alley cropping is to blame beciwse of compotiti\n from pigeon peas.
On a per plant basis, the pokpn B plot sorghum was more productive than
the farmers' vaviety, but in Wastusu the farmers' variety (a mixture in-
cluding Mankaraga) was most productive, equal to STHMD in Nakpanduri.

Groundnut vields ol variety F miz were much higher than the far-
mers?! varieties in Mamburuge and Wontupu A plots, and in Nakpa B plots,

In NakmwndJLJ, ¢ nlots fnLanldod F rmix, but this was primarily due to the
VULH hi >.., Per plant production of F mix versus the far-
mers : onsidsrably higher in Namburupgu, Wantugu and Makpa.
lefhrﬂnbc“ in per plant productivity between 4 plots and B plots were not
great, and no effect of rock ph hate application was observed, All far-
mere wanted to increase theilr area nder ¥ mix and many asked for more seed.

poon pen sced yields were obhained in Nakpanduri or in Wantu-
-5 cattle and bush Cire damaze, buf the results frem
fold of 277 seed/ha.  (Av. of 3 plots).

[y

NG D

gu, primarily dau
Nakpa indicated a

i Makedanduri,  The area under ground-
hom did well and it always was Laller than

pipeon net cause any visible competilion for sor-
o, on, thiz system left the soil bare as
only o soundnuta, (n addition both sorghum and pi-

Ll »10 th, o iactor which induces soil erosion
atom mere attractive, pigeon pea should give
w211, Farmers appreciated the fact that this
plant,

seon
risk.
Some reaionscle
system wags

o Groundnubs did we
drut yield compensated Uoar t%e loss in
plant basis, malze did well becauso of i Moreover, il dengities
could be increased, maizz would also help to compensake for the loss in
area Lo pipgeca pez rows. Plgeon pea probably compebaed for molsture with
sorghum,  Tuwo Tarkers mentioned thabt nirsecn pea also competes for nutrients
{or responds to E%/1”/15 Pectilizer), while two obthers vuanted to shilt the

1, The increase in groun-
iged rovie, n a per

site tc more fertile coll becavse of pigeon pea yields., We nevar ob-
served any nodules on pigeon peas ; b5 sugegested to widen betuzen-row

cr withinerow Sp‘glhg of' pigeon peas and Lo use a chorter, eariier variety.

Mamburugu, Double row intercropping was favourably received and
farmers did not want any change. The fields of all creps were highest on
the A nlots, unich all fzemers agreed were the casiest to weed. The pro-
blem of bird dar may be reduced when J1MD is grown by more f{armers.
Farmers doubted if they would have the iabour available to put a large arca
under thic more intensive cystem of planting. Ouicker planting methods
could be tried, as well as a withine-plot annual rotation of groundaut and
ceraal,

Fertilizer was rectived very favourably by the farmers who used
it. But none ofthe farmers in Hakpala have uscd it so far, nor haye half of
the farmers in Hakpanduri or Nakpa. ALl of the farmers guestioned said
they would buy fertilizer at 500 cedis/bag and apply it to their cereals.
Fighty percent of the farmers complained about the unavailability of fer-
tilizer and of the mismanasement of diustribution by governument agents.

Eccnomic evaluation. Thne economic eyaluation in terms of net result (NR)

T
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achieved in the varicus locations and treatments (Fig.
teates the profitability of groundnuts due to Lheir
the highest MR was aenieved on the 4 plot in
Namburugu, wh2re the b groundnut yieolds were otuainerd, The lowest NR
was on the A plot in N ~ndurl whees groundout yields were extremely pocr.
This corrclation between proundaut vields and HR aloo wifects the marginal
returns achieved in the tranzitions rom © Lo B to Al

reflects the yizlds
2). Moreover, it demon
good market value, Thu

With the exception of Nakpandurl, where some farmors obtained very
good groundnut yields on tnhne C plots, it would have been advisable {or far-
mers to adept onliy new varieties. In liawburugu, this alone reculted in a
mairginal benefit of ¢ 11400 while the increasce was ¢ £200, and ¢ 2700.
in Nakpa and Wantugu, respectively., As there is virtually no additional
cost in the use of now seed, it is not curprising that farmers . ore alyays
eager to try new varicd

te A plots yielded positive results in Nakpa,
reina? returns ranged from 900 Lo 9300 Cedis,
Considering the substantiz e ownd cash expensers involved in this tran-
sition, however, these returns are oLill too low Lo encourage adoption, In
Nakpanduri, ii even resulted in of 3100. cedis, thougsh this waz es-
sentially due tu poor groundrut

he transition rom B
Namburugu and Wantugu, where s

CONCLUSIONGS

o~

In seite of the hich monetary value of groundnuts, (armers ap-
parently tend to judge =z c¢ropping systom veimarily Ly the amsunt o
sorghum and maize it produces, while the cash contribution of proundnuts
seems Lo be less important. Housver, taste prefeorences towards ize or
scrghum are difrerent depending on tnﬁ porticular fribes It can be obser~
ved that groundnuts take o much lapger chare of the flc}ds that are control-
led by the sons of household heads, whoreas the [lelds  that are managed by
the bou“ouol head to provide rood for the family have usually high propor-
vions of sorghum., These circumcbances have Lo be taken 1nto consideration
when d0°1rﬁ cropning zystems for on-farm experimentation by allowing for
z certain fl;‘ pility in the pelationsbip of individual cropm.

In the 1085 season, we will further oursus the plgeon pea alley/
cropping system, the pigeon poa plante, howsver will have to be pruned,
spacing will have to be widened, and we will probably shift to a shorter
photosensitive variety. In addition, more attention musht be glven to the
corrznt tiue and methed of planting in order to achieve better plant esta-
blishment. I the nmore remote arens, seed drescing to prevent seed losses
due to partridpge and r)”oqt" may also w:w@ to be considered., Finally, the

results of the crop sequrince trials he station have "egchﬂd a stage where
on~-farm testing would seem QPPTCDF;HL“, Thus a ¢rop succession of ground-
nuts followad by waize/sorshum is envisnged te sult farmers' crop requirements
while simultanecusly combining the benelicial effects of crop sequence and
intercropping.

CUMMARY

This paper oresents the preliminary results cf farm surveys and
I3
on-farm trials in five locations in the Morthern Region of Ghana., The
trials consisted cof farmers! varieties under farmers' practices new varie-
tiesz under both farmers' menagement or a compleie package of new technolo-
f P
gies, These packages conzisted of two alley-cropping designs with pigeon

T
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pea and two row intercropping designs, all with rock phosphate application,.

Flant establishment in the trials proved difficult under both
farmers® management and under new technologies. towever, mome yield trends
can be described.

Maize variety Composite 4 yiclds were equal to those of farmers!
varieties under low soil fertility conditions. Groundnut variety F mix oute
yielded farmers!' varietic in three out of the four locations and was in high
demand., Sorghum variety STMD and imiroved Mankarspa out-yielded rarmers!
varieties except where they were ziready largely made up of Mankarags. Pi.
geon pea seed yield was not good beczusze of too high plant densities, al-
though pigeon pea growth seemed Lo rezpond to rock phosphate application.
Croundnut did not respond to roclk phogphate, which may nave he_ﬂ applied too
late.

The alley cropping desipn witn double rows of sorghum and ground-
nut gave a reasonaivle
cropping design with me sorghun/groundnut in each ridge gave Loo low sor-
ghum yields. Double rows of maize/sorghun and proundrut ve the highest
vields of all cropg and were the easiest Le weed The single row intercrop=-
ping of “owpecas and meize/sorghum failed because of competition betwee) COW=
pea and later interplantad cerenis as well ag incect altacks on cowpeas.

An eccnomic ewﬂ{uation of Lhe varieties and packeges showed the
importance of groundnut fer o nigh financial retura. Adaptation by the far-
mer of oniy new varieties was profitable, but adaptation of the complete
package gave variable resalts and often resulted in losses,

sopghum vield but too low a groundnut yield., The alley-
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VARIETY DEVELOPMENT FOR ASSOCIATION LFOPPING1

N, MULEBAR, F. E!’r:’)&(!“‘.;\r»!'3 AHD D. Knchu

Covipea is traditionally grown in mivture w.th cereals in Semi-Arid
West Africa (Rachie and Roverts, 1974 ond Stecle, 1G72).  Several mixture
arrangzments are used: (i) cowpez and cereals seeds which are mixed prior
Lo planting zre sown as a random mixture with asome hills bearing only
cereais or cowpen plants, and others bearing both crops, (1i) cowpeas and
cereals which are planted in separate hills 2lmost similtaneously, re-
sulting in a random mixture of tobth the crops (iii) cereals which are
planted at the beginning of the crop season as well as cowpeas which are
pianted about one to onz znd half months aftey the cereais. Under this
last arrangement, cowpeas are planted in patches whers czreal plants either
are mizsing or have poor prowth, Cowpea yields obtained in such mixtures
are generally low, 0.2 to 0.3 t/hn (Rachie and Roberts, 1974). This is
duz eithar te the dominance effect of the cercals or Lo the stronz conpeti-
tion between the two crops.

Several atbempts have been made to fmprove cowpea vperformance in mixed
cropping with cerenls. Good yields of LOMP‘ (i.e., over (.5 t/ha) have
been obtained by planting cowpeaz and cer s slmultme-oucly and by manipu-
lating cereal row-spacings and densities of both crops (Adeciloye, 19805
Cuniard, 1981 and Halze®, 474). FProper choice of cowpea CUlt]VHIu has also
been shown te voduce cowr za yield inointercropping with mailze from 68
to 48% (Isenmilla, Babalola and Obipgbesin, 104%). Ad:tiloye, 1980, showed
that the yield of semi-erect and semi-prostrate cowpes cultivars was re-
duced by asscciaticn with maize and alsceibed this yicld loss to shading.
He also demonstra 1ed that climbingg cowpen cultivars serformed satisfactori-
ly in association with maice. Similar recalis were reported by Wien and
Nangju, 19765 but the climbivg cowpoa cnllivars caused severe lodging in
maize, and thus lowered the waise yields more than the erect or zpreading
cultivars.

The shadiang effect ol maize on ¢owpeas in invercropping was studied
by Wahua and Babalola 1981. They showed thnt when more light was transmit-
ted to cowpeas by a relatively shoet maeize cultivar with erect upper leaves
cr by & linguleless, crect-leaf mailze cultivar, the growth and yield of
associated cowncas was greater. 1t appears, therefore, that a great poten-
tial exists to increase the yield of cowpoas in asseciation with cereals
by properly chcosing the cultivars of both crops. To test this hypothesis,
experimerts were conducted in 1981, 1987, 1983 and 1924 to atudy the effect
of maize and cowpea cultivars on the periormince of bobtn crops in @ relay

cropping system in the northern Guinea savanna of semi-arid Alrica.

T4 contribution of the Tnternatiocnal Institut of Tropical Agriculture (PMB
5320, 0YO ROAD, Ibadan, Wigeria) under SAFGRAD/O0AU/STRC, JP 31, sponsored
by USAID,

Respectively, Cowpen fsronomist and cowpen Research Assistant, TITA/
SAFGRAD, B.P. 1495 Ouapadougnu, Burkina Fasc.

3Cassava Agronomist, ILTA-PRONAM-INFRA, Mvuazi, Zaire, D.E.P.T. of State,
Washington, D.C. 20520, U.3.A.
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MATERTIALS AND METHODS

Experiment 1. This experiment, initiated in 1981, studied the effect of
cowpea cultivars, varying in maturity and daylength-sensitivity, on maize
and cowpea performance in a maize-cowpea relay-croppivg system in northern
Guinea savanna {1100 mm rainfall, from June to aid-Octeober). Thrce cowpea
cultivors were used: VITA-4, a gpreading and anylengthe-insensitive
cultivar; 'Kaya local', an carly prostrate ond daylengtn ~sensitive,
cultivar which flowers in late September; and IAR 169%, o lute, prosirate
and daylength-sensitive cultivar, which [lowers i wid to late-October.
They were planted at four dates under a maize crop: 23,36, 51 and 64 days
after the maize. A 96-day maturing maize cultivor was planted in early
June at 0.75 m spacings between and .25 m within the rows. Tuo waize
ceeds were planted per hill and thinned Lo Lwo woaks. Maize
plants were tnrtiliW‘d B R AT O N T ST A Ziha, regpectively)
at planting and B (45 kp/bha} ond month after . wpea plants were
planted in solid rows zliernating wilh malze m spacings berween and
0.20 m within the rows. Cowg plantz woere not fertilized, but were
sprayed four Limecs with inse ides, The oxperimental deaipn was a 3 % &4
factorial in randemized complete blocks which were repeated four times.

icn.  The

[

The experiment wos vepeoated in 1922 with a slight moditficat

cultivar VITA-4 wus re YITE-H bacause of the former's high sus-
ceptibility to folior dizeassc. Tn 1982 and 1384 the expariment underwent
major modiTicctions. The number of dates of cowpea planting under malze

was reduced from four Lo two: four wecks after maize planting and 10 days
after maize silking. The number of cowpea cultivars wag increased from
three to seven. This included four daylength-sensitive cultivars (viz,
'Fava Jocal® and 'Ouahirouva local®, both flowering in mid-te late-
September; and ‘Logofrousso  lecal® and 1AR 16756, both [lowering in wid-
to late-October) and three daylengbh-insensitive cultivars {(viz, KN-1, TV

3236 and VITA-S, all of intermediate maturing and zpreading types). In
1986, TAR 1696 was reploced by the dayiength insensitive cultivar TV x
1990-01F. The experimental desipgn was changed to a split-plot with cul- -
tivars as main-treatments, and dates of planting as sub-treatments,

Experiment 2. This experiment was alzo imatiated in 1981. It was designed
to study the effect of mnize cultivars, di*fering in maturity and morpho-
legical traits, on maize and cowpea performance in a relay cropping system.
Two maize ¢ ultwvarg, one ninety days to waturity (Yool 16) and the other
105 days (IRAT 100), were relay-cropped with the three cowpen cultivars
descrribed in the first experiment. The maize crop was planted at a single
date in carly~-June, wheraas cowpeas were planted at two dates (i.e., four
to five weeks after wmaize planting and slightly after malze silking). The
agronomic practices used were the same as described in the first experi-
ment. The experimental design was 2 x 3 x 2 factorial in randomized
complete blocks which were repeated four times.

'7

In 1982, the maize cultivar [RAT 102 (105 days to maturity) was sub-
stituted for IRAT 100, Tne experiment underwent major modifications in
1983 and 1284. The number of maize cultivars was increased from two to
four, with two 90-day cultivars (viz. SAFITA-2 and JBEUNE DE FO) and two 105-
day cultivars in maturity (viz, SAFITA-102 and IRAT 178). IRAT 178 was sub-
stituted by IKAT 81 in 1984, In this same year, the numher of cowpea cul-
tivars was reduced from three to two: the "Ouahigouya locai', an early,
prostrate and daylength-sensitive cultivar; and the TV x 3236, a spreading
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and daylength-insensitive cultivar. The number oF row-cpacings was ine
creased from one to two {viz. 0.75 m and 1.0C n). The exporimental dee
sign was a split plot with maize cultivars oo main-treoatnents and a fac-
torial combination of two roy-spacings and bwo cowpes cultivars as sube
treatments.

Sllowe Flovcring aud eaturity dates
ting to the cay at which

Our observabions wree token ag
wers calculaved ns the pumber of 13;
20% of the plants bore Clowers (or oilk majue) and 0% of Lhe plants
bhore dry pods {or graings with o black in the niddle of the ear),
reaspectively. Maize plant heipht was msasurel shortly arier silking and
was calculated as the distance from ground level to vhe collar of the
flag icaf. Tne lcaf ares index {(LA1 s eatinai:d at anthesis as plant
denglty per unit lund arex Limes the leal area per plant., This
can be calculated us Ieouf longin x leal width x 3.75 (Montzemery, 1G11),
Average leal area por plont was based on five plants bordered by others
in rovw numtier three of cach clot,

FROULTA

Frperiment 1, Cowres oulllvoez Jid not affect matze seed yield during the
Tour ¥earz in whicn the cupesiment was conduched. They also did not ine
Fivence maire dates of silliing or maturity, car or plant heights, nor did
they affect tho LAL studiced in 1283 and 1984, Cowpeage plantod 30 days
after maize did no' have a detrimental eiffect o molve ceed yleld, except
in 1083 when an 8% yield drop was observed (Table 1), On the other hand,
cowpeas planted 21-23 days after walze redeced malze yield by 8% and 13%
i 1981 and 1932, regpectively. The differcnces was atatistically signi-
fican in 1981, Dince cowpea dates of plintines had ne signifizant effect
on *he maize date ol Dloweringg, or on car ond pilant heights studied in 1983,
: 8% maize yield drop obs orvr1 that yow (in plots where cowpeas were
plantud 30 days aftor malze) was attributed to droaght damages. In fact,

Table 1. Effect on maize seed yield of dates {or planting cowpeas as a
relay crop in maire, Farako-B4, Burkina Faco.

Years

Time of cowpea planting 1981 1982 1983 1984

ke/ha

21-25 days after maize 4400 h 4760 a - -~
30-36 days after maize 4785 o 5570 a 3559 b 3095 a
47-51 days after maize 4812 a 5424 & - -

57-64 days after naize 4791 a 5450 a 3866 a 3197 a

LSD (5%} »37 NS 274 NS
CV (%) 6.1 18 14 14

TMeans 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 mois-
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ture betuwean cowpea and maize plants could have hampered the maize grai .
111,

Pelayed cowpes planting under maice significantly reduced sead ylﬁ]d
of relay-cropped cowpeas, cxcept in 1982 when the reduction was not statis-
tically ecignilicent (Tables 1 and 3}, The esrly dayleaghbh seasitive cul-
tiva:, Kaya lecal, yieldad equally ovr gignificantly higher than day-

i
ri

length -insensitive and late daylengthi-sensitive cultivars st all the dites
of planting during Lhe four years. “he only cuception wags 47-51 days alter
the naize 1n 1981, This cultiver uppcurcd Woil adapted to the malze-cowpea

relay-cropping qynt*m, particuloriy when clanted thirty days acter malce,

It was ©0ollowsd by TV x 302356, a daviensth insencsitive cultiver.

Table 2. Effect on cowpre: oy iold of uwtﬁx foroplanting: cowpess and
cowpea cultivars in relay-croppliun with malioe, Faralko-b4,
Burkina Faso, G801, 1982,

Cowpea 21=C0 days e » ALt days BT-0H4 days
Cultivars af'ter maire H e after maize after maize Mean
o ke /hi

VITA-4 380 338 5hHe 27 367
Kaya loca 1539 957 790 P45 1024
IAR 1696 iS04 1067 498 865 1131
Mean 1181 979 A 612 841
1982
VITA-G 6 555 645 668 659
Kava local 822 £38 849 785 823
IAR 1696 028 £93 185 349 468
Mean T4e 697 560 601 650

Mean Comparison 1981 1082

LSD (8%) CVoh LD (5%) CV (%

Date of planting 105 kg/ha 15.1 NS 41.8
Cultivar 91 ke/hia 199 kg/ha
Date x cultivar 183 kg/ha NS




Table 3. Effect on coupea
cowpea cultivars

Buriina Faao,

1983, 1384,

MULEBA ET AL 273

seed yield of dates for planting cowpeas and
in relay~cropping with maize, Farako-BE,

19873 1984

Mean 20 davs 64-7C days Mean

Cultivars after maive after maize
ke/ha -
Kaya locel 450 ¢ 225 530 390 460
Logofrousso local 78 0 29 62 31 46
Tuzhigouya local 481 0 226 378 173 275
IAR 1656 120 0 60 - - -
TV ox 10G0-01F - - - 270 375 324
EN~1 3565 0 183 328 2085 266
TV x 2236 510 0 255 475 4706 472
YITA-5 469 0 a45 401 214 308
Mean 352 0 1745 349 265 307
Mezn comparison 1953 1984
LSD {5%) cv o LSD {5%) CV {b)

Cultivars 100 kg/ha 54 179 kg/ha 39
Dates 4 kp/ha 6O kgsha
Cultivars ¥ dates N3 NS

pxperiment 2, In 19871, ¢

a significantly nigher

4), whereas in 1982, the intermediatoe

Yool 16 (Tabie 4). 1In

IRAT 173 and SAFITA-!02,
SAFITA-2 and JAUNE DE FO

Table 4. Mean plan

the Internediato

]VB\ and 98{‘ .

2 meturing culbtivar ITRAT

Lol

100 produced

yield (oy 1%0) then the early maturing Pool 16 (Table
maviring IRAT 102 yiclded
intermediate maturing cultivars,

cqually to

yielded equaliy to the early n'turinr cul*ivars.

(Tavie 5). Ho

L heldght, flowering

cultivars differing in maturi

reclay cropping

system, [Forakaos!

o

wever, the IRAT 81 zigni

dates and secd yield of
ty OUPRS, Arown N & Ma
4, Purkina Faso, 1981

cantly out-

two maize
ize=-cowpea
and 1982,

Plant height] Silking date! Sead Yield!
Maize cultivars 1981 1982 981 1982 1981 1982
cm DAT _ kg/ha
Pool 16 - 53 b - 56D 5733 b 4305 a
IRAT 100 - - - - 6602 a -
IRAT 102 - 215 a - 6la - 4202 a
LSD (5% -1 - 1 206 NS
cY (%) - 10 - 1 l 20

1Means followed by the
probability level.

same letter are

not statistically differ

ent at 5%
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yielded SAFITA-102 (by
on the average! in 1984

27%) and the two sarly maturing cultivars (by 25%
(
short plant helght {excep

)
Table 5). The early maturing cultivars had a
~ JAUNE DE FO) and a small LAI (Tables 4 and 5).

The Seced yield of relay-cropped cowpeas was significantly reduced
by the later nuturing maize culitivars {(Table 6). Cultivor differences
Wers alse cbserved withan malze maturity groups.  IRAT 178 und IRAT 81
significantly reduced seed yield of relay-cropped cowpeas, especially
when compared to the results of SAFTTA-I02 in 1983 and 1984, It should
be noted that the depressing effect of JAUNE DE FO on the seed yield of
relay~cropped cowpeas was nob significantiy different from that of
SAFITA-102,

Table 6. Eilect on cowpea yizld of maize cultivars in z malzZa-cowpea
relay-cropping svatem, Farako-B3, Burkina Faso, 19871 to 1084,

. 1
Years

Maize Culvivurs 1931 1232 1GES 1984
G0 days to maturity kigs 1

Pool 16 899 a 50Q a - -
SAFITA-2 - - 15 a 808 a
JAUNE DE FO - - 250 ab 613 b
105 days to maturity

SAFITA-102 - 230 b 589 b
IRAT 100 628 b - - -
IRAT 102 - 495 - -
IRAT 178 - - 161 ¢ -
IRAT 81 - - - 449
LSD (5%) 99 NS 70 108
SV (%) 18 36 36 11

TMeans followed by the same letter are not statistically different at 5%
level.

It appeared that the LAI influenced the seed yield of relay cropped
cowpeas more than the plsnt height. In fact, JAUNE LE FO was as tall as
IRAT 178 and IRAT 81, but had a sigrificantly smaller LAT. Moreover, it
reduced cowpea seed yield less than the latter two cultivars in 1983 and
1984, It is poassible that differential competitive ability a% the root
level might have played a role in cowpea seed yield reduction within maize
maturity groups.

DISCUSSION

As reported by Wwien ana Nangju, 1976€; Adetiloye, 1980; Isenmilla
et al., 1981; and Wahua and Babalola, 19871; cultivar differences were
observed in the pprformance of cowpea and maize in mixed croupping, and the
competitive effect of maize on cowpeas in a maize-cowpea relay cropping
syster. Daylength sensitive cowpeas, because of their critical ghotoperiod
requir-nents for flowzring (uhich may occur, depending cn cultivars, in
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mid to late-Septenter, early, or mid to lute-0: woare shiown Lo ba
belter sulted te a nmaite~cowpan releoy-crovping oy 1 MmOsSt of  the
daylength-insensitive cultivars (Tables 2 and 3). > they
car. be planted one month xtr‘r i ~ly

dd-July),
and, depending on the : ;
or aflter maive hirvest,

plsnt undae hiwe same
conditions, {lewer alter vhe maize canopy and,
a3 a result, con w1oautrionts,  However
baecause of errstic v 1 f; > Sentemnor o ¢ ;‘..‘ thic late ma-
turing dav-ler i ’ {thiz period
auffered ms uhere raing
ended in casa in >, 1983
and 1984 Lo aloost rero, a logs
whicn the peas not ai'ford they ara 11Vhl) depandent on
CoWpens as a SOUCCH tod Thuz, 2 LYDRS ol coupen
cultivars did rot appear Lo ke sultod Lo maice-cowren reloay-cropping
systems,

In contraat, dayle

sevaerd

yiclds drooo

farmers

On the obther nand,
ware more adapted to

bl o [ and
length concitive and
-

Ly mataring daylensth sensitive cultivars
covEea P“ldV—LIOp;lnb sysiom thon late day-
i sensitive cultiva seed yields

5. Cowp

‘@ obzerved with the coltivar *Kaya local!

varying from 0.5
(Tables 2 & 3), a bip lmprovement when compared Lo the reported cowpea seed
yield of 6.2 to 0.3 t in traditional mixed crepping (Rachie and Roberts,
19745 . The low yield of the *'Ouzhipouyn local' in this catepery was due to
ite (bacterial ang web blight,
rust).

i
ieh syecophibility Lo diceac

2ALnes

Increased shading by more leafy intermzdiate maturing maize cultivars
appearad to be respgonsible for reduced cowpea sead vield in relay-cropping
with maize. OSimilar results wore regorted by YWahua and Babalola, 1981,
However, thoere were some indicationz that increased competition for water
and nutrienta "'Lh*n the root systen might alise he involved in the reduced
seed yield u_ the relay cropped coWpL, Fhiw wis supporked by the exis-
tence of cu ltL o difreronces zing the offect of sead yield
of the relay-cropped cowpen vithin waizo dlUPlLy groups.,  LAT did not
differ witnin maize maturity groups (?uolﬂ 5). With respect to cowpea
seed production, carly maturing and less leafy meize cultivars appeared to
be betier adapted Tor mairze-cowpea relay-cropping than the more leafy ine
termediate m .Lturing ones. HMalze seed yields varying from 2.9 to 5.7 t/ha
were observed for these cultivars during the four yvears that the experiment
was conducted {Tablea 1, 4, 5). Thus, by carerfully choosing the proper
maize sand cowpea cultivars, o pgood yield can be obtained from both crops
in a relay croppinm syctem in the northorn Guinea savanna,

SUMMARY

Cowpea i3 traditionally grown in misture with cereals in semi-arid
West Africa. 3Seed yisld obtained in the smixture is generally low, varying
from 0.2 to C.3 t/na. Experiments were conducted in 1981, 1982, 1083 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 cowpeas, Our findings show that cowe
peas planted 30 days after maize had no detrimental effect on maize seed
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Table 5. Mean plant height, flowering and maturity dates, leaf area index, and seed yield of maize
cultivars differing in maturity groups, Farakc-Ba, Burkina Faso, 3983, 1984.

Plant heigﬂﬂ Silking date! Maturity date1 Leaf ares ir\.dex1 Seed ‘1’1(:;(."1
Cultivars 1983 1954 1983 1984 1982 1986 1083 1984 1283 1984
cm DAP— ——DAP —— L&l kg ha——
SAFITA-2 132¢ 141c 64t 51o 32c 91b 1.39% 1.52b 271€a 301
JAUNE DE FO 166a 186a 71a 62b G4be 91b 1.54b 1.70b 0%ia 2621h
SAFITA-102 140bec 1520 70a T0a 98a 1052 1.80a 2.01%a 285%a 2401
IRAT 178 155b - 70z - GSab - 1.84a - 2497a -
IRAT 81 - 18%a - 7a - 1062 - 2,37a - 3318a
LSD (%)} 16 10 4 2 ] 0.28 C.44 NS €33
CV (%) 13 4 0.4 21 14 21 15

Means followed by

the same letter

are not statistically different at 5% probability level.

L1144
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yield. Cowpea cultivarg did not significantly affect maize seed viel
any of the tested cowpea dates of planting (21 to 64 days after maize
Early daylenglh sensitive cowpea cultivars {which Clower in mid to late
September) appearad to be better adapted to maive-cowpea relay-cropping
than the late daylength sensitive cultivars (which flower in mid to latew
Oclober) and most other day lengin-insensitive cultivars. With respsct

to cowpes ceed production, early maturing and less lesfy maize CUJthJP'
appeared to be better suited to maizz-cowpea relay-cropping than the
intermediate maturing and more leafy meize cultivars. Tne lormer depressed
lese seed yield of relay-cropped cowpeas than the latter. Thus, by proper
choice of cultivars of both crops, good vields of waize (£.%5 to 5.7 t/ha)
and cowpea (0.5 to 1.5 t/ha) were achieved,

eld .
7 \
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LIVESTOCK IN THE AGROPASTORAL SYSTEMS OF THE SAHEL-SOUDANIAN AND
SOUDANO-SAHELIAN TYPE: PROBLEMS OF TECHNICAL CHANGE

G. SERPANTIE |

In thia review, drawn up mainly 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
in these areas, it seems importast to recall the need to view this
activity in the context of agrarian systems.

The context normally used to project a technical change is "the

sygtem of livestockerearing®. Cenerally defined in a restrictive manner

s a suo-gystem of a production system "collection of workshops and the
techniques enabling the production of animals and animal products il con-
ditions meeting ths goal of the cultivars under the contraints related to
development activity" {Agriccope, 1983). This concept is worth taking up
in a broader context, in our ares ; indeed, here the weight of human fac-
tors {ethnic culture, the structure of social velations in production,
collective management of resources), the importance of the relationship
with other agrorian activities (agriculture and harvesting) or non-agricul-
tural activities (displacement for work, trads), leads us to tackle the
question of livestock-rearing in a broader context, nawmely the agronastoral
system.

The interactions of this gysztem is shown in Fig. 1 (Milleville et al.,
1982). It becomes obvicus that we shall not be able 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:iction cells. The agropastoral area, on which are
expressed these complementarities and the cohesion of a social group, will
be the appropriate level «f study. This area will be completad by the
addition of the spaces used occasionally (seasonal migrations, salt treate
ment) which are indigpensible for the yearly operations,

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
dynamice (operation and evelution) of these systems, to obtain a model to
lay the foundztions of a diagnosis, and particularly to assess the impact
and the effects of a technical change. This diagnosis is also used to
measure the zensitivity variations of the system according to a change in
the socio-economic and climatic contexts,

Between the ''pillars" of the systems (pastoral and agricultural
resources, herd, peasant) are found some unifying elements which will show
clearly the operations themselves and =nable the diagnosis to be wade; 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, wocl, manure, work based on animal
traction, money).

1 Agronomist, Centre ORSTOM, Ouagadougou, Burkina Faso,
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Between the resources {pastoral land, water resources and procucts of
the cultivation and harvesting systems) and the herd, we notice a certain
type of feeding habits, fodder and watering systems, and movements and we
shall sel up balance-sheets (fodder, water, fertilitvy). Finally, between
the nerdsman z.¢ the resources ig o system of land srganization and a
atratzgy {or maxing use of the resources and the space.

In line with this organizaticn an interdisciplinary team {rom ORSTCH
is undertaking 2 study of an agropastor2] system in tre tenga (Bidi
areal, in collavoration with the Research Development project led by
TBRAZ/CIRAD, This study is a followeup of the "Oursi-Lale®™ project under-
taken in a sahellian zone, whers the agropastoral systems have been studied
(Milleville ot OQ? ; Lrosz 1685) and o follow-up alzo of the
nUmeErous Vorks Zenoit, 1982 5 Bartal, 1977 ; HMarchal, 1983)
in this region

1

The interdisciy fits in well with the model in so far as for
the observation of the po! and the interfaces we use a special competence
whicn looks specifically ut ch level of development. The real difficultv
in the way o asgropastorsl diasnogis remains Lhe dirfferential between the
temporal rhythe to opaeation ond the delay in specific responses ol each
sub~-system,

He Pry to overcome these difficulties by working ovubt case studie. and

vide-ra inveasti ne during which numeroue unities are ohserved
(zimple ariments and historical method).

IOTHET SUUDANO-SAHELIAN AND SAHELO-SOUDANIAN
AGROFASTORAL SYITEMS

=
=
i
o]
=3
=
=

3

(‘

j=3]
=
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These ecogeorraphical zones (about 400 to 800 mm anrnual rainfall)
are characterized by the ceexistence of agricultural activities and of non-
pastoral and postoral livestock-rearing. The ways in which these three
activitias are inteprrated are demonstirated mainly by

(1) animal traction ( soil tillage, tronoporting)

ig not commronplace in Lurkina,

(2) the production and use of manure : moving f{rom
sylvopastoral to agricultural systems,

(3) utilization of left-overs of the harvest [or food
supplies during the dry season and the fattening time
of the h=rd,

(4) utilization of ftallow fields.

4

G

These forms of integration are ro-emphasized by complementary and
competitive relationships according to the employment of factors of
produrtion.

In the sahelinn pastoral zone, wabter for livestock can be the main
limiting factor. On the other hand, in the szhelo-soudanian zone, the ade-
guacy of fodder supplies for the animal population presents a highly cru-
cial problem. Indced, we witness a progressive reduction in fodder poten-
tial, while the human and znimal pressures are rising. As 2 result, 5ys-
tems of prcoduction adapted to a weak pressure on the area and 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 competitior. betwesn livestock and agricultural activities with regard
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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-exploitations ol the area. The trends towards
degradation have been described by Marchal (1983).

One of the most important results of the studies carried out is that we
are uunad.e to conceive in any sector a model and steveotyped agropastoral
system. TIndeed, if certain conditions belonging specifically to the zone
arz inevitable (ciimate), the diszpersion of resources cver +he Lrﬂa. in con-
Junction with a strong diversity of cultures and obliectives o Ling side by
side of systems for exploiting the area which are very diffesrent Crom one
another, both at the regional level and at the level of the agropastoral unity.

FUNCTIOMS OF THE ANIMAL POPULATION AND LIVESTOCK-FEARING STRATEGIE

The livestock population, an arimal group translorming plant resources,
is above all a means of production and ctockpiling., Its exploitation has to
meet a part of the food and monetary needs of the family group. levertheless,
it fulfills other [unctions @ economic, social and relipgious,

r'llev111e et 1., {1952) show in the Oudalan {sector sahelo-souda.
nian}, that livestock iz the only means of holding capital ror families and
individu1¢4 y or there exist rules for sharing livestock within the family and

occasionally outuide the
in the process of social

anjly, the animal population plays a decisive role

reproduction.  Tho passing-on of the livestock to the
children of =2 surviving parent foreszces therely the possibility of splitting
up the nerd when a son able to attain real autonomy. Other ways of pas-
sing on live~tock (inheritances, dowriss, exchanges and trancactions) contri-
bute to a hijzh turnover in the owning ot livestock. The distrivubion =f lives-
tock is therefore the result of a combined history of the herd and tihe family
which controls it.

In addition to this strengthening of the ties of union between the diffew-
rent individuals who make up the Tamily group, certain practiees related to the
guardianship and the yielding-up of’ livestock indicate the confidence of the
relationships between different [amilies.

These socizl 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
economic : and technical advantage of holding a significant number of animals.
Thuz the size of the animal population plays a role of the highest importance
with regard tc the quality of conduct (guardiznship, seasonal migration), and
only the shortage or water for livestock in the dry seassn calls for work in
proportion to the number of heads. Furthermore, the large size of the herd
favours its exploitation (milk, manure, comnercial uses), and improves zoo-
technical performances (competition between herdsmen and young animals with
regard to milk), 1In addition the livestuckpractice« adopted for the running
of the large herds shclters them to some degreec from the congsequences 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 while minimizing the risks.

The structure itself of the herd reveals the same functions. For example,
the practice 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.



284 AFPROPRIATE TECHNOLOGIES

the most able to adapt themselves to difficult conditions and which play
a role in the cohezion of the herd.

In the scudano-zahelian zene, in additien to the functions already
referred to, there is, for cgropastoral systems, 2 role of work-force
(animal traction). The rearing of small dnjwa]. {rmall tmminants) ful-
fills a function of hish investment. The faltening of oiieep is developed
by the cultivaiors from the point of wicw or short-term rrefit and for
making use of sub-products, pencting to the spur to devaelopement actions.

DYSTEHMS

THE EVOLUTION OF RESQURCES SLb i AGRO-PA

in the sahel-soudanian and sondano-sahelian zone (G in the case of
the Yatenga), there appear a contradiztion botweon individual goals and
what we might judge desirable ol the Tovel of 4 colisction ot res. armous

and of collective expansion,

Forase resources. The zone's potentin’ forije, represont «d by natural
pastures, fallow, and sub-products has Leen describesd by Bandet (19867,
and earlier by Coulomb and Serrces (1380

The sanel-goudanian secter of Ube suhelinn paztures and the soudano-
sahnelian cector of thie soudanian pastures make up the transitional region,
with an averare annual raintall of between 400 and H00 mo, good year-
round pastures and o high utilization o the soil by crops.

t

Lowlands Produclive pusture (Eehivos hlow colona,
setaria pallide~Curo

Sandy soils, 50-70

days per year DPer Lirneous surtuce {(Combretoc cian) in-
hectare of pasture creasing from north to south (54 to 30%).

of one U.B.T. - :
Shady graminaceae (Denndzetum pedicellatum).

Mixed savannan or land open to sun (annual
graminaceae (Dibcteroporon haunrupii) and
percnnial (Andropogon gayanug )

Colluvial slopes,

25 days per year per

hectare, 1 U.B.T. Thicker ligncous surfuce : Acacia seyal
in the north, lavge-leancd trees, deciduous
in the south {Bulyrospermom paradoxum and
Parkia birlovosa). Mixed savannal dominated
by Andropogon fJayanius.

Denuded lands In the north, vnen Low weods of Combratum
micrantum and Plorocarpus lucens,

The vepretation often looks like saie brush corrcoponding to a redu-
ced steppe. Vegetation ¢f the diminutive type with ¢ omdetia toroensis,
on very light slopes ard und‘xl ing fine gravel, Aodeopopon pseudapricus
on shelves with thicker soils, teonisehum pedicellatun ot sheltered points.
Twenty days per year per Lcctalu o pasture of 1 ULL.T. These pagtures

are not suitable.

The cultivation of millet cnd groundnuts very widegpread on para-
planed lands, colluvial slopes and the scatte sandy scils. The residue
of the harvest is crmsumed by the village herds, which zre joined by the
nigrating herds.
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The fallow is leguminous-rich. (Zorria glochidiata).

In the north, the cultivated lands taken over from pasturelands,
can be degraded as a result of repeated cultivation on fragile seoils
{particularly by work carried out without precautions con Lhu bush fields),
more serious in that the soil 1is insufficiently protected during the
rains and that it suffers in the ory season from an intense aeolian
crosion (mainly after the refoval of the recidue of the harvest {sorghum,
groundnuts, millet, cowpen) and a breaking-up of the soil trampled on by
the animals

The routes used in the rainy season, and in particular bthe
colluvial slopes composed predominantly of fine sand and stlt, quickly
become s.erile and warpsd beaches where there survives only the grass
Microchloa _indica, which indicates a critical stage of degradation only
a short time ‘ere the ablation of the superficial horizen, with the
disappearance of the herbaceous carpet and the withering-away of the
ligneous cover.

At the moment, overgrazing scems to be generalized and lead to a degra-
dation of routss described by numerous authors (Benoit 1982, Baudet 1985,
Grouzis 14979, HMarchal 1922, Toutain and de Wispeleare 1985), In addition
to degradation (destruction of wrees, erosion, increase of certain gramina-
ceae) there s the «ffect of tua shortage of recorded rainfall since 1968
{Albergel and Grouzis, 1985}, The work of ORSTOM at the lake of Oursi
has thus shown the welatlnn;hlp existing batween the herbaceous biomass of
this reservoir and the average rainfall it receives.

The continued extension of' the cultivated area over the grazing area,
cre’* s conflict between the herdsmen and the cultivators and the shorte-~
ning of the fallcw for grazing, arising from demographic increase without
modifying the agricultural zystem, is the third cause of a dramatic reduc-
tior. in the fcdder rescurces in these secters,  Thus, in the sahelo-souda-
nian zone (Oudalan), Milleville ot al.,.1882) observed land-clearing
followed by the cultlva,jon ol' the drained areas reserved for the first
winter grazing and densely wooded arcas. These agricultural extensions,
coupled with the rivalries betwcen apvoups of herdsmen, related to the
diminishing resources, result in cverercwded areas, thereby hindering the
seasonal migeations {Milleville <t al., 1982},

The use of tlwe residue of the harvest is alsgo altered and we notice
that the non-nemadie peasants use it for r=2ed., The keeping of stocks, as
well as obther factors (roducticn of available millet, increase of stock-
farming by the non-nomads, use of alternative manures) rcsult in, among
other thinegs, the gradual disappsarance of "manure contracts'" which for-
nerly strongthened the complementarity of specialized production cells, and
to a reduction in guardanship pratices.

This evolution in the groslon of fodder resources is translated by
the expansicn of cultivated surfaces, systems centerd on livestock-rearing,
and the growth of aniral-farming in systems besed on agriculture (mainly
through OALU and small ruminants). This evolution has been supported by
develcpment actions move oriented towards veterinary activity and non-
nomadic animal-farming in the agropastoral systems,

Water resources. Although 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 uncerground water
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tables, three phenomena seem to take place al the same time @ firstly

the lower rainfall since 1668 , ihen an extracrdinary deforestation which
couses the running-otf of the water to accelerate at Lhe oxpense of under-~
ground waters ; finally the escessive pressure of demand hich uses up the
rezorves". On this last peint, indeed we unotice in certain areas, compe.
tition for the use of underground water:s betwoen don ic ond animal needs
on the one mand, and the new activity o gardening which 10 developing
constantly in certain regions. Duriay, the dry zeagen, 1 bovine uses
vetween 20 and 30 litreg, a small ruminant nbout 3 Litves, and one single
egeelact 5 to 10 Litres of waler.

mainly

Wvo]uticn of the systems. Ve have soen that ’ 1

Dased on frazing, Lhe herd should incresse to il lunctlun,.
which reguires open ind and abundant resources, Inoa framawork of limi-
ted space and diminishing resowrcces, the syoloms Do to it in Lo areas
which are petting 11ler, which lead: Lo, besides cont bicting rivalries,
a deterioration in the quality of Lhe cyoloms o vulncranility, less
cefficinncy, threstened reproduction potentiul.

ompalition tor the use el rPolources withi the
wyug gredenirg, trade in fuelviood), now makes

s owhich are mainly pastoral, to the
benefit of a@“unxutorn stems, and leads to bthe necessity ror other
{forms of pain in cvery fpade, pantandling, food cvops). These
migrations the lves broeal up the aystems by vnbalancing the work force.

toreover, unbalan
non-nomadic ackbivitl
ori¢ gquastion the vall

11

Tt iu Cae feow cortain that the eeropastorad stemn, althowsh Lhey
receive belter support {rom develupment actioes, are the laeast viulnerable
ang the best adapgted in so far as, on bthe one hond, theic action on the
area seems particularly unfavorable in certain vecpects (cultivation of
fragile lands, animal tractien in unprotected conditions, exporting of
the straw) ; on the other hand their reliance on the provision of sup-
plies (seeds, additional food-ztults, fortilizer), on luivour, prices,
credit and abtove all unprediviﬂ‘1ﬁ ahal v oconditions io very clear
The lowering of production levels is furthermore & rcglity in this sector.

When the resources oi an arca diminish at the sawe time as human
pressure incr and the cultivation methoda are not changed, W2 can
only bear witngss to a process of rrowing - poverty.

OHITCAL CBANGES T RAISING LIVESTOCK

-

TMITS AHD HOPED OF
context of this note will nobl permit a ¢lose cvaluation of most
propriate technical themes, but we propose to sive a brief review

ain ideas put forward by rezearch,

The
of the avu
of the m

Regional specializations. For Dantoit (1983), the pri U\lpl“ oft the spe-
cialized use of spa in & country "being btorn® {sylvopastoral zong of
the north) and in a country where bthe organized tattening of animals
(Velley, scath) has bean follows! for about ten yours by some sahelian

states, should te questioned ' : ¢ oon eosontially technilcal consi-
deration, zuch 2 plan consbitules n tramowork which is btee rigid and very
badly adaptod to uhc diversity ot arropastoral systems, und to the
equilibrium of the herd structures.
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On the other hand, the destocking policies at the beginning of the
dry season, the goals of which cover Loth 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, Milleville ¢t al.,(1982), show that in certain
conditions {(saheio-soudanian), intpraregional 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 better intraregional complementarity acd 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, lLiprovement in fodder productivity, restoring of deterio-
rated pasture-iand, replanting of ligneous steck on anti-erosive zites,
partial defence measures, the gleaning and stocking of fodder to improve
the gquality while reducing losses, fodder cultivation 3 for Milleville
et al., (1982), so many activities which siiould be tested around aggloe
merations, certain camps, and in olaces ccologically approeriate. It
seems 1llusory to expect significant results on the regional scale in the
short term. The works of Toutain and De Wispelaerse (1977} and of the
CIDR, tend on the other hand to pirove that certain areas have deterio-
rated too much to be able to eavizage restoring them at an acceptable
cost.The priority would be rather to try to contain the process of dete~
rioration of those areas whici: have not yvet reacned this stape,

Nevertheless, Boudet (19857, strongly recommends the snrichment and
the restoration of ceortzin deteriorated liriks of the ceascnal chain of
certain areas. This operation, according to him, can only be effecti-
vely carried out by the herdsmen themselves, who are too zcarce and insuf-
ficiently equipped to Jdo this work. Yet the participation of the benefi-
ciaries would pe desirable so that they eventually hold a right of
coatrel and uszage 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 aiarm thresholds
for which the amount of the critical load strongly recommended by Boudet
{19395), is lower than one of the load calculated. For Milleville et al.,
(1982), 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 herdemen may
benefit from this heterogeneity and neutralize certain unfavorable aspects,
but they should be small cnough for everyone to feel concerned with the
necessity for protection (developments, fight against (ires, systems of
rules for pastures-land...). This code should not penalize, however, the
most productive pastoral systens based on the use or larger space with
big herds, demonstrating the value of '"pascural and ecclogical reserves"
Wwith a low level of utilization and difficult access.

In these sectors, besides adjusting the graczing load, it would be
possible to begin improving the quality and the production 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 s 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 trompled until the time when they can be used in their best
condition.

Actions enabling an increase of the zootechnical peirformances. The tech-
niques enabling the reduction of the mortality rate, the increase of
fecundity, and the limitation of the consequences ofl under-nourishment
during the period between crops, are well known ; vaccination compaigns
and hygiene education, eradication of parasites, complementary nourishment
{particularly nitrcgenous-based) and extra minerals, developrent of fodder
banks, ambivalent leguminous plants (cowpea) sown in areas previously

used during the rainy seascn, hedges and antierosive lodder strips, the
gleaning of natural fodder.

According to Milleville ot al {1682) the application of these
techniques raise:z two questions :

(1) One, concerning the ways of intraducing them, the supplying of
the mesns, and the maintenance of the set-up. It favors measures
which lead te lengthy training.

(2) The second concerns the accompanying measures, since one can
only envi : "stock-Tarmirng development as synonymous with an
increase in the costs., It would mean especially an increase in
the marketing function (prices, marketing channelz, recovery of
weak animals before being sold...).

In the agropastoral systecms 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 (nitrogencus 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 mest vulnerable to erosion (filtering bank type, isohipses).

Tt is in these systems that the integration ot agriculture and stock-
farming should be promoted ot the heart of the development (stoc 1 ing of a
part of residue of harvest, fattening of beel bJQe< on tine strauv whichk
in improved by molasses, stable manu:e, carvs for transport, oxen and
light ploughs, dry season gardening). The association of this sub-~
regional "agropastoral™ unity with "pastoral" unities should egnable
trad tional barter exchanges o. manure, cereals and animals

Agropastoral water systems will play a central role in the success
of such an "agropastoral code", since water can become & major constraint
in agropastoral systems during this dry period. The use of water above
and below the surface must be controlled and the level of the reservoirs
supervised. This can give rise to the inception of projects with, among
other aims, the geoals of enceuraging the creation of a uater stock avai-
lable for the three uses {(domestic water, drinking water for animals,
water for gardening and trec-planting).
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CONCLUSION

In the soudano~sahellan 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 agropastcral systems.

One of the acticns which seems most relevant at the moment is the
tranaformation of the rights and authorities "in being" into a coliective
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 zctivities in a collective manner.

Objectively, one must admit that such a code will not be able to
solve the prcblem of overpopulation and social reproduction, in a
framework of saturation.
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PROFITABILITY OF ANIMAL TRACTION: FIELD STUDY IN BURKINA FASO

W. Jaeger and J. H. Sanders1

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 Burkina Faso both international and national agencies have been
promoting animal traction since the seventies (Munzinger, 1982). Never-
theless, outside of the southern and.. :stern regions of Burkina intro-
duction has been slow. T.is study evaluates some effects of animal trac-
tion in several villages in Burkina and considers some of the factors
leading to differences in profitability estinates.

Agricultural technology has been divided into land and labor
augmenting technologies as follows :

: %'% where Y = Agricultural output; L = Labor :*se ;
Land area; Y = Average product of labor or labor productivity;

L

Land-man 1ratio; and % = Ageregate yields.

(I EE S
"

In this dichotomy, mechanical technology is expected to have its prin-
cipal effect on increasing the land-man ratic, whereas biochemical technolo-
gy -~ improved agronomy an¢ seeds, and use of fertilizer -- will have its
principal effect on the latter, aggregate yie 5. However, yield effects
for mechanization have been reported in the 1. srature from improved time-
liness, better soil preparation, and overcoming seasonal labor bottlenecks.

The effect of animal traction on the land-man ratio and then on yi2lds
will first be considered. Then, the zosts and returns to animal traction
in several regions of Burkina Fasc uill be estimated. Finally, some broa-
der policy concerns will be raisca.

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 nlanting. With animal drawn implements, the area
cultivated was increased by up te 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 =nd oxen basced systems perforued weeding about seven
times more quickly than 2 man alone., There appears to be no advantage to
the stronger oxen for the weeding operation (Tables 1 - 3).

3

1 Graduate student, Depariment of Agricultural Economics, Stanford
University, Stanford, California, and Associate Professor, Department
of Agri~ultural 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'ig. .

The animal cultivator enabled farmers to overcome these peak scasonal
deiznds for labor in weeding the cereal crop ard permitted increased cash
crop procuction. The planting of peanuts normally coincides with the
weeding of millet and sorghum and therefore znimal traction enables tne
expansion of the peanut area. Draft animals ere also utilized for the
second weading and earthing-up. The latter operaticn consists of putting
soil along the plant rows. This conserves moisture by slowing the run-off,

o

The acreage effect does requirve access to land. In the survey those
with animal traction were able to substantially increase the land area
cultivated, One potential explanation [or some lack of adoption could
be the lack of access Lo land.

When farmers werce asked about their labor constraints, mest identi-
fied the first weeding as being the principal problem time, though the
planting and ploughing were alse identified (Table 4). Farmers adopting
animal traction reported an area expznsion of the basic grains, millet and
sorghum, and increased marketed surplus (Table 5).

Yield effects. With all be the other Jdifferences between farms and small
vield effects it is often difficull to separate out the effect of animal
traction (Tables 6-8). Discussion in the literature on the yield erfect
of mechanization has been heated (Hinswvanger, 1978). On the evperiment
station accurate measurement has been obtained., Holding constant the
planting date, statistical estimates were obtained for 32% vield increases
with donkey and 45% with oxen in scorghum production.

Profitability of animal traction. For animal traction to be profitable,
the utilization rate needs to be reazonably high, 20 days or 150 hours.
Low utilization levels can result from:

(1) Small farm size: To fully utilize 2 draft team, six active
family membere or more cppear to be nicessary. In the villages
studied Lhe mean family size in animal traction-utilizing house-
holds was approximately twice that in households not utilizing
animal traction.

(2) The learning curve phenomenon 13 important. It takes three to
I'ive years for farmers to master the technology.

(3) Stages of teochnology evaluation: donkeys are cheaper and easier
to operate but oxen represent a furthes improvement because
they are more powerful, .

(4) Combination of implements: The weader is critical for overcoming
seasecnal labor bottlenecks, Combining the wseuer with the plough
can provide yield effects. There may be an important water reten-
tion effect for scemi-urid regionu.

(5) Late rains: The opportunity [lor ploughing is very limited with
jate rains. When the rains begin eerly, the plougn can be used
extensively. Here oxen have a definite advantage since they are
stronger and ploughing is more power intensive. According to
the statistical analysis, ox teams were 75% faster than a donkey.

(6) Financial constraints: There are time delays in the learning
curve and in the payback period to the investrent in animal
{raction.
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Table 1. Area cultivated by crop in two villages in Burkina.1

Nedogo Diapangou
Manual Animal Manual Animal
Crop tillape fraction tilloge traction

ha/worker

Millet 0.606 > 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) (.C15)

Maize 0.019 0,03 1¥%i#% 0.035 0.C39
(.002) (.003) (.007) (.006)

Peanutas 0.044 0.064# 0.02é O.(54%%
(.009) (.007) (. 01) {.008)

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 0.01g9%

{.004) (.003)
Cowpeas —— - 0.Cac2 0.014#%
(.002) (.005)

Working house-

hold members 4.7 6.6 4.4 7.1

n 24 36 1 48

1 Source: W. Jaeger (1984) p. 47.
2 Standard errors are in parentheses.

#, #%  and *#% jndicate significance at respectively the .10, .05 and .01
levels. significance tests are between group means of animal traction
and manval tillage households.
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) . . . 1
Table 2. Area cultivated by crop at the village, Boromo, Burkina.

1981 1982
Manual Aninal Manual Animal
Crop tillage traction tillage traction
ha/worker
Millet 0.1932 0.126 0.150 0.17%
(.05) (.06) {.03) (.03)
White sorghum 0.333 0.307 0.291 0.231
(.07) (.08} (.05) (.03)
Red sorghum 0.224 0.140 0.065 0.097
(.04) (.05) (.01) {.03)
Maize 0.044 0.044 0.037 0.049
(.01) (.01) (.01) (.01)
Peanuts 0.030 0.081#% 0.015 0.033
(.01) (.02) {.006) (.01}
Cotton 0.300 0.358 0.149 0.255
(.04) (.05) (.03) (.05)
Cowpeas 0.004 0.006 0.002 0.005
(.004) (.006) (.002) {.004)
Bambara nuts 0.009 0.002 0.001 0.001
(.004) (.001) (.001) (.001)
Rice 0.003 0.001 0.011 0.007
(.003) (.001) (.003) (.CO2)
Working house-
hold members 4,0 7.7 5.3 1.6
n 15 10 34 24

1 Source: W. Jaegar (1984) p. 48.
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
an1 manual tillage hous2holds.
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Table 3. Area cultivated by crop at the village, Djibo, Burkina.1

1981 season 1582 season
Manual Animal Manual Animal
Crop tillage traction tillag= traction
ha/vorker
Millet 1.057, 1.352 0.992 0.750%
{.06) (.31 (.08) (.10)
White sorghum 0.026 0.05¢9 0.029 0.034
(.01) (.03) (.007) (.015)
Maize 0.012 0.015 0.013 0.010
(.001) (.003}) (.002) (.003)
Peanuts 0.001 Cc.0z% 0.002 0.003
(.001) (.008) (.001) (.001)
Bambara nuts 0.002 0.003 0.004 0.002
(.001) (.001) (.001) (.00
Rice .0002 0.00z%¥ L0001 0.002
(.001) (.001) (.001) (.001)
Working house-
hold members 4.4 9.0 4.4 9.0
n 31 17 30 17

1 Source: W. Jaeger (1984) p. 49.
2 Standard errors are in parentheses.

¥ %% ipdicate significance at respectively the .10 and .05 levels.
Significance tests are between group means of animal tracticn and

manual tillage households.
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300¢

200¢

Roromo 1982

Total hours of animal traction use

Diapangou
100
60 Boromo 1981
20
1 2 3 4 5 6 7 8 9

Years of experience

Fig. 1. Relationship between experience and use of arimal traction.
Source: W. Jaeger (1984),
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Table 4. Labor constraints on increased farm production.1

First Second Labor not
Plough- Plant- weed- weed- constrain-
Activity ing ing ing ing ing

e % of responses

Activity perceived
by farmers to be
most constraining

Nedogo
By hand tillage
households 32 68

By animal traction
nhouseholds 44 40 27

Diapangou
By hand till:ge
households

n
N

44 33

By animal traction

houscholds 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

houscholds 15 60 20 5

By animal traction

households 40 60
Activity perceived
to be most constrain-
ing prior adopting
animal traction:
Nedogo 40 53 3 3
Diapangou 28 9 51 13
Boromo 39 26 22 9 4
Djibo 8 58 8 25

1 Source: W. Jaeger {1984) p, 97.
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Table £, Changes in production and marketing sin?e adopting animal
traction: farmer's interview responscs,

Factors Nedogo Diapangou  Bceromo Djibo

Animal traction farmers

Percentage of farmers
who cultivate more land
since acquiring animal

traction, % 80 95 67 92

Crops for which area

cultivated has 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 personal@

fields), % 65 90 81 8
Crops sold Millet Millet Cotton Fonio3
Peanuts Peanuts 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 the family food supply; perscnal or individual
fields are cultivated by individual household memhbers for various uses
including a scurce of cash income.

3 Fonio is a grass seed, sown by broadcast method.
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Table 6., Crop yields at two villages in Burkina.

Nedogo Diapangou
Manual Animal Manual Animal
Crop tillage traction tillage traction
g/ha
Millet 371 356 395 4Og¥#
(2812 (21) (37) (rn
n =24 n = 36 n=11 n = 47
White
sorghum 554 363% 226 EXPLL A
(88) (36) (64) (55)
n =19 n = 30 n=>5 n = 22
Red sorghum 503 465 = -—
(82) (54)
n = 20 n = 32
Maize 1147 992 1429 1814%
(219) (120) (171) (109)
n o= 24 n = 3% n=1 n = 47
Peanuts 535 470 346 Ga7#ER
(73) (57} (33) (40)
n=2:23 n = 36 ns==st n = 40
Cowpeas —— 94 €99 295
— -— —— (70)
n =1 n=1 n =11
Bambara nuts 327 332 577 877
(80) {51) (149) (151)
n =19 n =24 n=4 n = 22
Rice 1554 1285 2833 1377
(561} (351) - (228)
n==56 n=>"Y n=1 n=29
Soybeans -— —_— 762 538
(168) {151)
nz==o6t n = 37}

1 Source: W. Jaeger (1984) p. 51.
2 Standard errors are in parentheces.

¥, ¥% n~nd ¥¥% jndicate significance at respecti-e.y the .10, .05 and
.01 levels. Significance tests arc between group means of animal
traction and manual tillage households,
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Table 7. Crop yields at the village, Djibo, ir Burkina.1

1981 Season 1982 Season
Manual Animal Manual Animal
Crop tillage traction tillage traction
kg/ha

Millet 490 393## 178 205
(310 (31) (12) (28)
n = 3i n = 17 n = 28 n =17
White sorghum 492 1081 208 499
qT) (518) (319) (453)
. n= 12 n=28 n= 11 n==©6
Maize 497 371 245 52
(103) (72) (142) (13)
n = 24 n=13 n=28 n==4
Peanut 1135 744 296 125
(447) (232) (129} (16)
n=9 n =10 ns=2 n=2
Bambara nuts 1294 1450 199 22'(
(325) (469) (32) (70)
n=13 n= 12 n=29 n=3
Rice 2194 2299 ——— 617
(1694) (1257) ——— (199)
n=2 n==a n=2

1 Source: W, Jaeger (1984) p. 53.
2 Standard errors are in parentheses.

%# indicates significance at the .05 level. Significance tests are
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 48 1% 526% 4%
(39) 4 (43) (40)
With fertilizer 3 719 83T HA¥ 856%##
(46) (64) (47)
With tied rldges
No fertilizer 441 552t #% 578 #¢
(37) (31) (35)
With fertilizer 753 87 1%%# gg N
(51) (56) (53}
n 24 25 25
Nedogo
No tied ridges
No fertilizer 399 444 —
(95) (79)
With fertilizer 693 604 ——
(98) (104)
With tied ridges
No fertilizer 409 544 ———
(95) (128)
With fertilizer 707 876 ———
(183) (205)
n 14 19

1 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.
30 days after planting.

This was done

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.

% ¥% gnJ ¥¥# 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
period with the purchase o the animal and the equipment. This calcula-
tion includes mdintenance, depreciation, and expected losses due 1> deaths
in bad rainfall years. The actual observed internal rates of ret.rn were
26% and 35%, respectively, for oxen and donkeys (Tables § and 10). If
higher levels of use of the plough and the cultivator and shorter learning
curves could be achieved to efrliciently 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 ve increased to 68% and 114%, respectively. It is probably not
possible, however, to obtain these types of utilization this quickly.

Note thal weeding equipment would need to be rapidly combined with land
area expansion. Moreover, it would be necessary to utilize th ploughing
equipment in the land preparation.

CONCLUSIONS

1n summary, field observations showed that animal traction was moder-
ately profitable but could be much more profitable if the time period for
the learning curve were shorte and multiple use of implements were
achieved. With Linear Programming (LP) analysis the profitability of
various types of mechanization are illustrated in Fig. 2. The most profi-
table complete mechanization {cultivation and ploughing) is achieved with
oxen. 1Lf only cultivation is mechanized or if the feed supply were extre-
mely limited, then donkey traction would be the most profitable. However,
at hipgher utilization, rates of about 160 hours oxen traction result in
superior profitability (Fig. 3). By inference, some of the variation in
the performance of animal traction between regions is expected to be ex-
plained by the learning curve and the number of uperators mechanized. To
achieve these high rates of return farmers need Lo be able to rapidly
master the use of the animal cultivator and the plough. They also need
to cxpand the area cultivated over a shorter time period. Hence, gvod
management, the use of several implements, and healthy animals all appear
to be necesgsary.

Large families with more accumulated wealth and perhaps better oppor=-
tunities for extending the land area seem to invest more in animal traction.
Many of the fallures in animal traction introduction (Sargent, et al., 1981)
appear to have resulted from introducing an inappropriate or incomplete
technological package before it has been completely tested. For example,
the usc of the ox plough alone often was not economical.

Moreover, one implication is that over time the growth ol a market for
trained animals would reduce the learning curve time. This type of market
presently exists in Horthern Nigeria. Shifts to rapid znimal traction
require changes in savings behavior and markets. Presently, farmers do
their savings principally in goats and sheep. Evolution of farmer savings
behavior would be expected over time as it becomes profitable to utilize
animal traction.
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Table 9. Partial budgets for adoption of ox,traction: eight-year
budgets under various assumptions.

Year Internal
Annual costs/ rate of
Benefits 0 1 2 3 4 5 6 7 8 return
e (FA X 1,000 9,

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 bencfits

Observed farm revenue benefits (FSU), and approximate learning pericd

after adoption:
0 17 34 45 56 67 67 67 67

Net benefits ~149 -4 13 24 136 46 46 4b 256 26

LP estimated benefits for observed u e/learning curve:
0 -15 26 47 64 77 90 98 104

Net benefits 149 =36 5 26 144 56 69 77 293 25

Benefits when doubling the rate of incrcased use after adopi:ion:
Q0 26 64 90 104 109 109 109 109

Net benefits 149 5 43 60 184 88 88 88 298 41

Benefits with a 50 percent rise in long-term utilization rate:
0 5 60 00 120 143 158 167 173

Net benefits 149 -16 39 79 200 122 137 146 362 44

Benefits when combining assumptions 3 and &4 above:
0 60 120 153 173 180 180 180 180

Net benefits 149 39 89 137 253 159 159 159 369 68

1 Soutce: W, Jaeger (1984) p. 138,
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Table 10. Partial budgets for adoption of donkey traction: eight year

budgets under various assumptions.,

Year Internal
Annual costs/ rate of
Benefits 0 1 2 3 4 5 6 7 8 return
—eeoee CFA x 1,000 %

Costs of donkey
traction

Animal pur-

chase 25 10

Equipment

costs 48 5 5 5 5 5 5 5
Feed, medi-

cine, etc. 7 7 7 7 7 7 7

Total costs 73 12 12 12 12 12 12 12

Assumed benefits

~-18

-11

Observed farm revenue benefits (FSU), and approximate learning period

after adoption:
0 17 33 4 55 66 66 €6

Net benefits ~73 5 21 32 32 54 54 54

LP estimated benefits for observed use/learning curve:
0 15 34 52 68 75 8 90

Net. benefits ~-73 3 22 40 46 63 73 18

Benefits when doubling the rate of increased use after adoption:

0O 3% 68 8 94 97 97 97
Net benefits -73 22 56 73 72 8 8 8

Benefits with a 50 percent rise in long-term utilization
0 25 65 95 115 128 140 148

Net benefits =73 13 53 83 93 116 128 136

Benefits when combining assumptions 3 and 4 above:
0 65 115 140 153 163 163 163

Net benefits =73 53 103 128 131 151 151 151

66

77 35
94

105 41
97

108 67
rate:

153

164 70
163

74 114

1 Source: W. Jaeger (1984) p. 139..
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In regions of Burkina Fuco such as the Central plateau, which is cha-
racterized by marginal rainfuall and poor soils, yields are declining over
time due vo the breakdown of the fallow system with population pressure.

It may be necessary to irst arrest these cereal yield declines with more
intensive farming before therc 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
Rotn, 1985).
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A RESEARCH STRATEGY TO DEVELOP APPROPRIATE AGRICULTURAL TECHNOLOGIES FOR
SMALL FARM DEVELOPMENT IN SUB-SAHARAN AFRICA

punstan S.C. SPENCER'

The dismal record of econamic development. The record of economic develop-~
ment in Suu-Saharan Africa (SSA) since the era of independence in the
early 1960's has been a dismal one. Between 1960 and 19)2 Gross National
Product (CNF) per capita is estimated to have increaced at an annual rate
of only 1.5%, compared to 3.2% for all low income countries, 3.3% for
industrial market economies and 4.1% for all upper/middle income countries
(World Bank, 1984}. SSA countries maintained a reasonable growth rate in
the decade immediately after independence. The decline started in the
1970's and accelerated in the 1980's. The rate of growth of Grouss Domes-
tic Product (GDP) per capita was 1.3% per annum in the 1960's, dropped %o
0.7% in the 1970's, and has averaged-3.7% since 1980 (kWorld Bank, 1984 b)),

Agriculture has contributed in no small moaczure to the poor perfor-
mance of the African cconcmies. It contributed 474 to GDP in 1360 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, SOA iu the only part of the
developing world in which the index of per capita food production has
declined during the last tuo decades. Only Rwanda, Centras African
Republic, Swaziland, Ivory Coast, Mauritius and Cameroon have shown any
positivn increase in per capita focd production over the last two decades.

Of all the sub-regicns of S3A, West Africa has shown the slowest
growth rate for total focd production. Thus the SSA food problem trans-
lates mainly into a West African problem (Poulino, 1983). Furthermore,
per capita production of 2ll crops in West Africa has declined, except for
ri~e, which is a minor staple in the region. The poor performance in food
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 smzll increase in total food production has
veen due almost exclusively to an increase in area under cultivation
indicating that technological change has not yel had much impact on focd
production in West Africa.

The reasons for poor periormance in S3A. The economic crisis situation in
3SA has many causes: political, technical as well as structural. External
factors include the world economic recession, and the declining terms of
trade for the commodities traded in Africa. The present world economic
recession (or shall we say "part-world" economic recession, since the USA
and much of Europe does not appear to have ever becn in depression from
the point of view of 3SA) has sipgnificantly reduced the purchasing power
of SSA governments. This has been attributed to its offect 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 prcduction) has been
reduced (0AU 1980).

1Agricultural Economist , ICRISAT, sahelian center, B.P. 12404, Niamey,
Niger.
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Internal factors hove also plaved an important role in the decrease
in SSA purchasing power. They include: poor cconcmic manzgement, inef-
ficient and wasteful parastatals, poor pricing policies which impinge
heavily and negativaly on agriculturc, and neglect of export crop produc-
tion in which Afric~'s comparabive advantore is sold te lie 2t the moment
(World Bank, 1981, 1984).

However, in my opinion, sufficient weight has not vt been given to
the part played by cnvironmental constraints and the lack of appropriate
technological soluticns in bringing about the present crisis, particularly
in the agricultural sector. DBetter internal policies and more favorable
external economic climates mizht have delayed, but would not have pre-
vented the present crisis. It iz gencrally believed that cgricultural re-
ceaprch has come up with the answers to the environmental snd other agri-
cultural development problems, bub that the solution:s tlave not been trans-
Ferred to Carmers because of certain bottlenzcks highlighted in much of
todays agricultural literavure (e.g. poor exlension systems, inadequate
pricing policies, ineffective and ineflficient seed multiplication programs
or marketing parastatals, <te.d. In uy view, environmentil and other farm-
er constraints have not boen adeqguately taken into account in research
undertaken [or, or in 3SZA. Furthernore, the set of new technologies is
often inappropriate, in that they respond poorly to farmera! changing needs
and cannot brimc about a susbtainable growth in agerepsate outpub.

Coverage of the paper, In Section 11, the past performante of agricultural
research systems is discussed. First of all the type and pattern of
agricultural research during the colonial and the pout -independence periocds
are rcxamined. The operational difficultics of existing research systems

is then discussed, followed hy 2 critical evaluation of the present stock
of technological innovations that huve teen produced.  Finally, factors

)

contributing to successes and fatluras cre bishlrghted,
3 ¢

In Seclion TII, the eloments of an appropriate tchnolorical rescarch
strategy for SSA are spelled out. The characteristics of new technologies
that [it in with an agriculsural development strategy which cmphasizes small
farm developuent arc delinoated. The rinal sechtion contains the conclu-
sions.

PAST PERFORMAMNCE OF AGERICULTURAL REIEAFCH SYOSTEMS TH SSA

IR
The colonial period. Arricultural research was not neglected by colonial
governments. ietween 1200 and 1920, one or more arricultural research
stations were ertablisned in virtually every country in S5A (Mckelvey,
19¢5). However, these rescarch ztations cuncentrated almost exclusively
on oxport crops, .. 0l palm, cocoa, coffee and groundnnts.

Tha investment did yield rather substantial returns. Hybrid oil palms
were developed (abacln, 1971} and contributed significantly to agricul~
tural export growth botween 1940 and 1900, lybrid palms outyield local
wild palms by H00-700 percent under farn conditions in West Africa (Eicher,
1967). Cotton rosearch started in Usanda around 1904 and spread to
Northern Nigerin and the French colonizs in the 1920's and 1930's. Sub-
stantial yield increases have bezen obtainad under farm conditions by cotton
farmers applying the results of thls rescarch, e.g. in Burwina Faso,
Delgado (10&1), Similar successes were oblained with research in cocca and
to a lesser extent with groundauts, both of which started in West Africa
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in the 1920's.

Hybrid meize in Kenyn and Zimbabwe is the only fuood staple toward
which substantial research offorts were directed during the colonial peri-
od. Research was launched in Zimbabwe in 1937 and in Konya in the mid
1950's,  Both programs have been very lon® term in nnture, and have
vieided substantial returns (Eicher, 1684) . Otherwise, very little re-
search was conducted on the major food slaples during Lhat period
(Collinson, 1983).

It is also worth notine that wost of the colonial export crop re-
search programs roliod heavily on the cremster of materials from other de-
veloping regions of the world, ac aoil developed countries, For ozam-
ple, plant breeding materi~ls were cuccosotully transforred from Asia for
0il palm, U3A for cottorn, and louth Amcvica tor coffec, Unfortunately,
as we shall see later, this cuocess wilh vecbhnology Lransfer has not  been
repeated in food crop regearch. [t mush oo be stressed that there
existed substantial investment into loctl rescarch und adaptation of the
imported technology durins the colenial period.

As Judd, Boyce and Eveason (1442) cnd Oram and Binglish (19640 have
shown, SSA ountries, in genersi, lhvested much 1ess in agricultural re-
search as a percentage of tetal woricultural production thin did other de-
veloping countries and the developed world. Thus, altboush there was sub-
stantial investment in export crop research during the colonial era, the
quantum of research was probably insut'ficicnt to cuarantee long run profit-
ability of crop production.

The post independence pesiod.  The post independence period has been
marked by a large increase in aublic sector rescarch expenditures. Judd,
Boyce and Evenson  (1983), estimated that apgricultaral rescarch expendi-
tures in 1980 constant US dolilars, incrowsed from about 290 millicn in
1959 to 3280 millien in 1930 in East ond West Africa, while manpower in-
creased from 1636 scientist man-years Lo 4,100, s a percentafe of the
value of agricultural output, public secchor expenditure rose from about
0.37% to about 1.19% in West Atvricu znd from 0.19% Lo 0.81% in East Africa
over the same poriod.

Comnendable as these incrd are, bhe evidence is that they have not
produced commensurate increasis in research output. In this vaper the pro-
ductivity of post-colonial arricultura’ research in 334 i operabtional dif-
ficulties encountered by national roscarcn systeoms; and second, in terms
of azn evaluation of the stock of tcechnologins that have been produced.

Operational difficultics of national reosearch sysienms. To function effec-
tively, an agricultural rasearch system needs trained personnel and funds
for fixed expenditures {(e.p. building of laboratories, purchase of equip-
ment, etc.) as well as operating funds (e.. purchase fuel, Tertilizers
and chemicals, payment of laborers, etc.).

It has already been pointed out that there has been a substantial in-
crease in agricultural research workers in SSA, The statistics on the num-—
ber of scientist man-years, of course, cays nothing about. the level of
qualifications cr competence ol the researchers. In many national research
institutions, & substantial number of researchers are neople with B.S.
level qualifications who, at best, can only be expoected to perform routine
experinents and analysis. Little wonder that o many trials in SSA are
repeated year after year, long after they have lost their meaning. It
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Although the above description referred specifically to the Sahel, it
accurately describez the situation in many SSA countrries.

Evaluation of new technological opLinnS.] In this section some of the sur~
vent stock of technolosical interventions in four areas (land and water
management, mechanization, soil fertility manacement and crop lmprovement)
are examined from the point of wview of Lhelr appropriatness for small larm
development.

Land and water manogement,,  The objectives of improved land and water
management methods are to protect the soil base over the long-term while
at the same time providing an lmmcdiate boost to yields. Research on the
humid zones has shown that the process of seil desredat.en under high rain-
fall conditions usually beging with inappropriate partially mechanized
clearing methods, subscequently axacerbated by insufficient seil cover. Im-
proved systems, building on traditions? farmine practices, wre being devel-
oped by the International Institute ol Tropical Apriculture (1ITA), These
involve light clearinz, in=-situ burning, and intensive use of surface
mulch in combinaticn wWith herbicides and minimum  or zero tillage.  How
these packages perforn under small farmors! manaronent and fit into thelir
systems, however; 1s only now beins {otertmined in on-farm testing. More-
over, the development of ecanamiz chomioal weed contiol methods and small
scaie equipment for use in low tilluge systems pose immediate research
problems (ter Kuile, 983).

Within the semi-arid zones, a set of interventions is being exanined
including mulching, contcur bunding, and various watershed based management
systems. Although tied ridges have bedn shown to dramatically reduce run-
off and increase yields in on-station trials ir boch Bust and West Africa
(Ruthenberg, 10804 1CRISAT, 1981), substuctisl labor costs and yield gaps
observed under farmers' conditions throw doubt on the oxtensive use of
this approach, Due to increasing demands for crog reoidues as livestock
feed, Tucl etc., the potential fcr extensive use of nulches in sorghum and
millet production is probably equally limited.

Or the other hand farmers' tests condu ted in Burkina Faso over
several years have found very significant short-term yield increases from
the introduction of dirt anti-ercsion dikes constructed on the contours of
farmers' fields {(TCRISAT, 1983). 3Small scale rock-based water harvesting
systems have also becn shown to be atlractive to farmers as a means of
reclaiming highly eroded fields in high populaiion pressure regions of
Burkina raso.

Mechanization. Improved equipment (internal combusticn, animal or
humannﬁaﬁarod) have not yet made an important contribution to agricultural
production except in a limited number of cash-cropping areas in the semi-
arid tropics of Africa. Within the hr.id-tropics, tsetse fly infestation
prohibits the development of animal bascd systams. Mechanization schemes
based on the use of tractors (two- or four-wheeled) have met with limited
success in the humid tropics due to high capital costs relative to the
capital resources and scale c¢f cperation of farmers. This is also at-
tributed to the lack of lmow-how in equipment use and maintenance. Work
in the numid tropics is now concentrating on 1ight monual powered equipment
for use in minimum tillace and alley cropping systems (ter Kuile, 1983}.

1This section is based on Matlon and Spencer (1984).
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often takes a team of outside consultants to suggest new areas of research
for such programs. There is much need Lo raise the level of qualifica=~
tions of the researchers in many national programs.

The tendency to staff naticnal research systems with urqualified
people is sometimes encouraged by donor agencies insisting on having and
training counterparts in externally runded short-term research projects.
Counterparts with B.S. level qualifications work with expatriate Ph. D.
researchers for one to three years, then arc lelt on their own and ex-
pected to carry on and modify the new research programs as nccessary. Is
it surpi-ising that it usually requires an entireiy new project prepara-
tion mission, years later, to suggest new lines off recearch.

e

More importantly however, than the quality cof staft, is the lack of
sufficient operaticnal funds and the abundance of posr financial awnd re-
search management. The situation has recently besn gdescribad as follows:

"The effectiveness of regearch, exbencion and training
institutions is impaired by the lack of operating resources
needed to function as they should. Yot, all toc (requently,
governments continue to expand programs, hiring more
personnel instead of providing necessary resources to those
already on the payrcll. Poor performance and effectiveness,
thus, go beyond the simple lack of resourcen. They arise
from poor development administration and financial manage-
ment. Poor personncl management and work discipline, lack
of performance incentives and profussional advancement, and
inadequate operatins funds to do a good joby all discourage
highly motivated recearchers, trainees and extension agents.
The resulting high staflf turnovee disrupts research programs
and institution building efforts zo necessary for creating
effective indirenous naticnal resecarch  and extension
systems. Until these problems eo addressed, zonal research
and networkinp programs will not achieve thoir full potential.

Untimely budretary allocations {requently disrupt pro-
duction campairns, agriculbural cuperiments and data collec-
tion activities throughout the Sahel. Experiments sometines
must be abandoncd or curtailed half-wayv through the seasc:, or
are not properiy tended to bacause of a lack of gasoline,
vehicles or other resources, or because of the inability to
control implementing staff, partly these problems arise from
unpredictable hudseting exercises over which research and
extension ingstitutions have 1ittle control. Partly they
arise from lesal stroctures that severely constrain  the
institutions' anility to control and allocate resdurces put
at their disnosil. Partly they rice Crom poor internul
plannin:, and management ot recomrces in the face of what is
obviously a highly unstable and unreliable resource situation.
Unless thece kinds of instituticnal constraints are
appropriately indentified, analyzed ond resolved, we risk
spending snother ten years making little progress toward
increasing agricultural production..." (LeBeau et al, 1084,
pp.D=-6)
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Whether these tools are ecenomical under farmers' conditions has yet to be
demonstrated.

Despite efforts to introduce animal traction in the semi-arid tropics
dating to the early 19C0'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 (3argeant et al, 1981}, have
rarely been cenfirmed under {armers' managerment.

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-
yeloped extension and support systems result in the lack of mediun-term
credit for equipment and animals, as well as inadequate training, veteri-
nary, and equjpment maintenance systems. Moreover, there is an absence of
assured channels for complementary inputs and products.

Several limiting factors are present on the demand side. First, due
to the limited range of mechanized operations, power constraints are often
gsimply shifted betwesn operations resulting in a fross under-utilization
of animals and little arca expansion. Second, except for the Guinean
zones where the rainy season is longe:, there is a conflict bhetween 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 arca that can
be plowed, and reduces the time animals can be used for custom work for
other farmers {Jaepar, 1984). Similarly, due to the rapid drying and
hardening of soils following the rains, farmers face a conflict between
harvest and end-of-scason plowing, which meons that crop residues are al-
most never completely incorporated. Finally, numerous studies suggest
that at least six to cight vears are regquired to achieve full economic
penefits, causing net incremontal benelits to be negative during the early
yvears of adeption.

Soil fertility improvement. Dospite the penerally poor chemical
status of most African soils and its rapid depletion under continuous cul-
tivation, the consumption of chemical fertilizers is very low in SSA.

This is due, in part, to the abzence of well developed petro-chemical
industries in most African states so that fertilizer use entails substan-
tial foreien exchange cozts, exacerbatea by hiph transport costs to and
within landlocked countries. Furthermore, technical response rates are low
and highly variable, particularly on local varieties of rainfed food crops
and in the mors arid areas, resulting in marsinal or negative cconomic
returns (IFLC, 1976; ICRIBAT, 19%3). Finally, cemplementary applications
of large quantities of organic mmtter are reaquired te achieve and maintain
the potenti=] responce to chemicnl tertilizers over the 1ong run (Pichot

et al., 1981},

For all o these reasons, greater basic and applied research needs to

1In part, those fuctors help expliin the successful extension of animal
traction systess in the Sine-Daloum aren in Senegel, in southern Mali
and in southwestern Burkina Faso, where vertically integrated cash crop
marketing orpanizations have actively promoted adoption through compre-
hensive cupport (fiatlon, 1980).
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glonal centers! and some national programs are concentrating on the Jdevel-
opment of local materials, to the extent that their ressurces permit.

ELEMENT3 OF AN APPROPRIATE, TECHNOLOGICAL H
STRATEGY FOR 551

SOWARCH

Implications of agricuitural developrent stratepies.  Flscwhers T have
provided a detailed review of various arriculturai development modein
(Ruttan, 1980} with regard to their relevance within the corntemperary
context and their implications fcr o modern agricultural rescarch strategy
(Spencer, 1984).

We can summarice the main implications oo follews:

(1) Meaningful agricultural develupment in 554 will only result from
technological and institutiovnal innovations, which are appropriate
to the continents' resource endowmnent: (his calls Tor reaearci
to provide us with a thoroush understanding of the natural re-
source, institutional and coclo-cconomic constraints racing
agriculture in 554,

(2) There is still great potentiol, particularly in somi-arid zones,
to increase agriculiural productivity by concervation of natural
resources, especially land and water resources. There is thus a
need for researcn to develop soll censervation, irrigation and
reforestation technologies.

(3) Becavse of the high pooulation growth rates, poov quality of the
relatively abundant land rosource, erphasis shonld be on a
developnent strategy and rescarch that concentrates on small
scale farming.

(4) Rlthouzr attention sheutd Lo plven Lo increased cxport crop pro-
duction, partizularly ubere there is clear evidence of a lairge
comparative advantage, major emphasis should be on food crop
production and research.

Research with a farming systens perspective. 1t has alroady been pointed
OuL that one of thoe basic flaws in ocgricultural research in S3A in the

past three decades has been that it has not taken sufficiently into account
the resource and other consirzints of small zcale fartiers who form the
clientele Tor the research. To cvercome this rroblem, agricultural re-
search must be conducted with a farming systens perspective,

Farming systems rescurch 1s rosearch that views the farm in a holistic
manner and considers interactions in the system (CGIAR, 1978). Its major
objective i3 to increase the productivity of farming systems by gencrating
appropriate new tectmology. It includes location specitic on-farm resecarch
which has o shert-run objective of ceveloping improved technolegies for
target groups of tarmers and oxper.rment station rcsearch which has a longer
term perspective aiming at overconing major limitations in farming systems
(Byerlee, Harrington and Winkelman 1982 Gilbert, Norman and Winch, 1980) .

tFor example ICRISAT has reorpunived its 3SA research program into cone re-
gional center in Niamey, Niger, three sub-regional teams in Zimbabwe,
Burkina faso/Mali, and Malcwi and one bilateral program in Mali (ICRISAT,
1984) and VARDA has established special research projects to do more
fundamental research (WARDA, 1984},
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It should be stressed thac on-station research should be regarded as
an integral part of research with a larming systems perspectivel At that
stage new technclogical components are developed and screened (e.g, vari-
eties, herbicides, etc) and parts of, or even whole new cropping systems,
are tested at the pilot scale.

Of course, the mujor contribution of the current emphasis on farming
systems research is the higlighting of the role of cn-farm vresearch and
the delimitation of homogenous barget groups of small scale farmers in
uhat are called "recommendation domains." Unfortunately, most of the
literature, emphasizes the crucial role of on-farm research and, therefore
gives the impression that such research can stand on its om and that
experiment station recearch only has at best, a rather unimportant role
to play.Z

During the past ive years, a large number of farmiag systems research
teams have becn oot up all over Africa with financial and tc~haical assis-
tance from cxternal donors. Hational research programs are also being

urged and ascisted to launch larce farming systems research, in other words-
on-farm resccrch efforts.3  Given the lack of adequate recognition of small
farmers! constraints in “he past, this effort will bring to the attention

of researchers and policy makers alike the true problems faced by farmers.
It will alzo highlight the rfact that we have no ready solutions to many
provlems, in thot there isc limited tLechneloygy on the shelf ready to be modi--
fied to suit Uormers needs.  fut theee is 2 grave dancer that we might not
be able to move boyond Lhabt point i equal cmphasis is not put on necessary
cxperiment station rescurch. ilaving been given 1 bad name in the past many
research stations now run the srave vicy of beins ctarved of necessary
fundiap, and ctafting.

Characteristics of new tochnolopies necdsd In O0AL In order to increase
agricultural produchively ia Go4, new biolorical, chemicnl and mechanical
technologien are neoded to allow for intensification of aariculture. In
addition, new 30il and water conserval ion bechniques must be developed.

Piological technolosy bthat ic  mlaptable todaral conditions i3 needed,
There ore now very clear indlc iLions that thore are limits to the wide
adaptability of crop varielies displayed originally by supar cane, wheat
and rice in Latin America and Asia. Varicties are therefore needed which
arc adaptable to“recommendaticn domains” of Pimited spread.

Given the linmited capgital resource of small scale farmers the
input distributicn ceoblems in many SSA countrics, recommended varieties
should be highly rosponsive to Jow levels of inpnts such as fercvilizers,
Varicties are needed that perform as well or are slishtly better than farme-
crs traditicnal varieties under traditional levels of wanagement, but yield
substantially more under slichtly irproved mmagement (e.5. Varieby B in
Figure 1). Toc many improved vorieties ape Llike Varjety C in Figure 1.

’Referred to as "upstream rescarch™ Ly Gilbert, Norman and Winch, 19#0.
28ee for example the menual by Zhaner, thilip and Schmehl {1981) which
gives an otncrwlso excellent treatxup or .he methods and modalities of
on-farm rescarch.

3see for example the large US funded Senepalece program with ISRA and the
planned Malian program.
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Grain yield per hectare

Input quantity (e.g. fertilizer) per hectare

Fig. 1. Hypothetical response of varietal types to increased input le-
vels. A = local cultivar, B = desirable improved cultivars,
C = most existing improved cultivars.
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They require levels of management that are greatly above farmers' existing
capabilities before they express their superior potential.

Several corrective prescriptions can be suggested. In the semi-arid
tropics, for example moderate yield increases and a substantially greater
stability could be achieved through breeding for improved seedling vigor,
drought resistance, and resistance Lo the most common pests and diseases.
The development of varietiss with different agronomic characteristics,
such as shorter crop cycle or modified plant structure, could also increase
farmers' management options for exampie in intercropping or permitting late
planting without yield louss (Stoop et al, 1981).

With regzards to new chemical technology, material inputs such as fer-
tilizers should be derived as much as possible from local sources in order
to reduce transportation costs. This calls for substantial research ef-
forts on new niant design and processes that would make the production

of phosphate fv :ilizers from domest.ic rock phosphate economical.

o

Given the labor bottlencck at weeding time in many SSA countries and
the demonsirated yield reducing effocts of weeds in many farming systems,
there is o ne~sd for chenp, effcctive and easily applied herbicides.

With regards to mechanical technology, we know that, although SSA can
be defined as having o land surplus, capital cannot substantially substi-
tute for labor. Most available processing machines cannot economically
replace hand labor (Timmer, 1973; byerlee, Eicher, Liedholm and Spencer
1983). Furthrrmorz, as indicated earlier, there has been limited success
with animal voaction or mechanined land cultivation. Yet, labor produ’-
tivity in S3A is quite low, being generally lower than in much of Asla
(Mellor and Johnston, 1084) and thers are often severe 1abor botilenecks.
There is therefore a need Tor research on appropriate mechanization tech-
nology.

Az is the case with biclogical tochnoiogy, we need mechanical tech-
nology that is within the farmer’s reach.  Cooperative cwnership and manage-
ment of agricultural machinery has not wvorked in 83A. Heither have govern-
ment tractor hire ochemes. 1t scems to me that the only open avenue 1is
research on the inprovement of farmors cxisting tools and equipment, A
hand weeder +that allows a larmer to weed twice as fnst as existing weaders
would have a big impact on labor productivity. The animal yoke newly de-
signed by the International Livestock Center for Africa {ILCA) which allows
the traditional Ethiopian plow to be pulicd by one instead of two oxen is
likely to have more impact on arricutturnl productivity in the Ethiopian
highlands than all the mechanization resenrch over the last 30 years.,

These offorts concentrated on replacing traditional cultivation methods
with mechmived methods rather than on improving the existing methods.

Thero is much need for research on improvement of farmers' hand tools
and eguiyment, unglamorous as that type of rasearch might be. For example,
hand held equipment is needed for minimum tillage in the humid zones, not
scaled down models of equipment used in developed countries.

1Perhaps a good example of the inaporopriateness of this scaling down
approach to machinery development is the recent series of equipment
developed for zero tillage in the humid tropics. To use the equipment
requires land clearing techniques not found on small farms. The equipment
can thus only be used by large farmers, yet it is billed as small farm
equipment.
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The characteristics of desirable technology spelled out above implies
a research strategy wnich gives major emphasis to in situ development of
new plant materials, local sources of chemical and biological fertilizers
and improved hard tools and animal traction. These should te combined
into simple technological packages which could be adapted in stages by
small scale farmers and which would substantially increase their incomes.

Scil, water and forest conservation recearch. As pointed out earlier,
soil, water and forest conservabtion provide avenues through which many
productivity gains can be achieved in SSA. Research is needed on improved
conservation practices which could be profitably adopted by small farmers.

In semi-arid zones, immediate attention should be given to research
aimed at improving the man:gement of existing large scale irrigation
schemes. Soils research is also needed to develop economical ways of
maintaining or increasing soil fertility and of increasing water infiltra-
tion and reducing run-off in semi~arid areas. In this regard, research in
developiny. economical crop rotations ircluding tree crops, leguminous
species and mixed farming should be given high priority.

Under the general headirg of conservation research, I include re-
forestation. The forest cover is being lost at alarming rates in both the
arid zones whure desertification is increasing and in humid zones where
climatic charges might be occ wring. In my opinion, there is not much
hepe of reducing firewood demund either by substitution with other fuels
or by police actions or taxation. Efforts must be made to increase fuel
wood supplies while maintaining the forest cover.

As iz the case of other areas, refurcstation programs in the past have
relied too heavily on imported tree species and techniques, which have
rendered projects hopelessly uneconomic (Taylor and Somare, 1983). Re-
search is needed on improvement of traditional forest species, on the
sdentification ot fast growing trees for humid areas, and trees capable of
being established unuor havsh semi-arid conditons. Research into the
incorporation of trees inco crop as well as animal production systems
should be given high priority.

Livestock research., Livestock are an important part of farming systems,
particularly in Semi-arid zoncs where crop production interfaces with
rangelands. Conscquently attention needs to be given to livestock produc-
tinn, particularly to control of livestcck diseases.

From the researr . point of view, we should no.e that livestock re-
search in S3SA during colonial pariods was mainly vseterinary regearch.
This, together with recent work by international crganizations like the
International Laboratory foi Resecrch into Animal Diseases (ILRAD), has
produced economical control meastres for most of the important diseases,
the major exception being trypanasomiasis. The availatle literature on
1jvestock production and pr'oductivity1 showa that the lack of reliable
feed supply is probably the most limitinf “~ctor on animal production,
It is probable that possibilities are li...' «d.

15ece 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
countries. Agricultural research systems, domestic as well as inter-
national, must take a share of the blame since they bave not produced a
large enough stock of technnlezical innovations capable of ensuring a large
and sus:airable growth in aggregate agricultural output.

Researchers had an inadequate understanding of small farmer goals and
resource limitations such that research objectives were often different
from those of their potential clientele. There was also an over-reliance
on the teckiology transfer model in vhich researchers attempted to intro-
duce new technology from other developing and developed regions of the
world rather than working to improve on locally available plant materials
and farming systems.

To improve the situatien and lay the groundwork for future agricul-
tural growth and devolepment there has to be an increase in investment
in agricultural rescarch as well as a change in the direction of research.
Major increases in agricultural productivity can only be expected from
investment in agricultural research capacity needed to develop techno~
logies appropriate to the regions® natural and institutional environment.

Since agriculiural development can only be brought about by wide-
spread, yet gradual, increases in productivity by small farmers adopting
innovations appropriate to their proportions, research must concentrate
on developing technologies for them. Varieties are needed that are
adaptable to limited areas, and respond well to low doses of inputs such
as fertilizers. Material inputs should be derived mainly from local
sources and mechanizatinn research should concentrate on improving hand
tools and animal traction.

Major emphasis shouid be put on soil, water and forest conservation,
especially on rescarch to develop economical crop rotatiens including
tree crops, leguminous species and mixed farming. First priority should
be given to frod crop research, especially research on sorghum and millet.
Although an increase in export crop rescarch may be justified in some
countries, oresent levels of Investment in livestock research need not be
increased since much increase in livestock production can only be expected
after substantial increases in crop productivity.

Major emphasis will need to be put on developing and increasing the
efficiency of national research systems. But in the short to medium-term,
regional and international rescarch centers must continue to play an
important role in agricultural rescarch in SSA. Substantial external
donor assistance will be required in the short to medium-term to ensure
that these centers, as well as national research systems, receive ade-
quate funding.

Investment in research must be of' course be cast within a longer time-
frame (10-20 years) tpan has been common in the past, cast within a farming
systeme perspective and should include investment in human capital develop-
ment.
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anelysis is linear programming. This is the principal anslytical tool
utilized here. It is not as data intensive as much econcmetric modeling.
It responds to the fit question (3) above. Wwith modifications institu-
tional constraints and different farmers! ohbjectives besides profit maxi-
mization can be added.

In the division of effort, agronomists are principally concurned with
the accuracy of their datz ana with verifying the quality of their experi-
ments with the analysis of variance. The economisis, after Intcracting
with the agrcnomists in the identification of the constraints ard the ex-
perimcntal design, then follow througn onf(?) and (37 with the simple bud-

zeting and the modeling. ! Clearly, the interaction should continue through-
out the process of identifying form level constraints, decigning experi-
ments, and evaluabion.

COMSTRAINTS, YIELDS AND SIMPLE BUDCETING: SOME 198% RFSULTS

Much confusion has been introduced ir the agricultural economics
literature by treating the constraints pioblem as if there were only two
factors of production, land and labor. Following this type of analysis
seasonal labor shortages e conventionally defined in some of the African
literature as the most pressing constraini and animal traction as an ap-
proprizte technological innovation. This is not ferribly helpful in a
semi-arid environment such az the Central (Mossi) Plateau of Durkina Faso
where in mary regcions the increasing man-lund prescure has been causing a
decrense in the Tallow periods. Hence, ceresl yields have been falling
and soil fertility deteriorating.

A broader definition of the constraints would make constraint identi~
fication obvious from the seorraphic deacription. Puch of Burkina Faso is
semi-arid co the most prassing consteaint is water.  Improved water conser-
vation techniques have beon developed in mony regions of the world. Unfor-
tunately, on the Messi FPlateau when there is water avallable, s0il fer-
tility quickly becomes limiting.  In the absonce of water, fertilizer
utilization is risky in semi-arid rosions.

The above iz the cimple ronomic rationale for the development and
testing of systems of tied ridres combined with fortilization of sorghum,
mal._, and millet during the last three ceop seosons, 1982-1984, Differ-
ent levels and types of fertilization and vawricus times for e stabiishing
the tied ridges have buen tested in these farwm trialz.

The individual and combined effects off moderate feortilization and tied
ridges are 1)lustrated in recults frowm the 1984 farm leve! trials of the
FSU/SAFGEAD program. In Table 1 the mean values for the trials on farmerst
fields indicate that yield increuses were ootained for either tied ridges
or fertilization alonce but that these yield increuses were doubled with
the combination of tied ridges and fertilization. Similerly, in Fig. 1
the data from two villages with fertilization olone or vied ridzes alone

Tone test of these assumptions about farmer decision making and the valid-
ity of our eovaluntion is whether farrers adopt new technology passing
these three cvaluation criteria. A systematic analysis of the use of
these criteria and the adoption of new technologies is reported by Sanders
and Lynam {1983) from four years of farm trials for field beans and
cassava.
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Table 1. Mean sorghun yizlds in rour villages with fertilization and
tied ridges, Durkina, 1984.
Sorghum yicld
Treatment Nedogo Bangasse Dissankuy Diapangou
ki /ha
Control 186 293 547 433
Tied ridges 456 455 588 655
Fertilization 441 616 681 806
Tied ridges and fer-
tilization 151 EEL 855 1106
I Source: Ohm, Hagy and Pardy {(1985).
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Fig. 1. Interaction effects of fertilization and tied ridging on grain

yield of sorghum grown at twe villages in Burkina in 1984, The stan-
dard errors of the difference between any iwo treatment means are, res-
pective'y 297 and 108 kg/ha for Poedogzo and Nedogo.

Source: Ohm, et al. {(1985).
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demonstrates that substaintial yield increases were obtained. In both
villages, the largest sains of an appreximate tripling of yields were ob-
tained [rom the combination of vied ridres and rioderats fertilization.

Even more dramatic results for the combined effects of tied ridges
and moderate furtilization were reported in She researcher monaged trials
of different fertilization levelsz with tied ridges in our villages in
Burkina {Table 2. Only in Dissankuv was there a significant yield
increase from tied ridpes alone but those yields were tripled with the
combination.

Table 2. Mean sorghum yields for different treatments in the Burkina

villages,

Sorghum yie]d1

Treatment Nedogo BanFasse Dissankuy Diapangou

iz /NG

Control 1351 2662 10104 677a
Tied ridges 14€a 2204 18440 708a

100 kg cotton fertili-

zer {(14-775-15) 813¢d 1083be 3156¢ 8065ab
Tied ridees,

200 Ky, cotbton fortili-

zor (14-23-405) 100048 1472¢ 3167 1000b

Heans rollowed by the same lettors are nol significantly different at
the 5% lavel. Source: Shm, »t al., (19ar),

Are these tecknolofmies orofitable?  Simple budgeting of costs and
returns has been repertoed where {(Ohm, et al,, 1985; Ohm, Nagy, and
Savadoge, 1985, To summarize, both fertiiization and tied ridges alone
were profiuable in almost all ceses. Frofit levels were substantially
increased with the combinaticn o thoso activities (Ohm, et al., 1985).

WHOLE PARM Mo DRLLNG

The critiral queation in the cvaluation i whether the technclogy
fits into the Cormers!' pradiction oystems.  Simple profitanility is not
by itself 2 zufficient criterion., There mny be other constraints or cven
other measurcmonts bLhiit have ro be made to evalunte the teasibility of
tho new technolosy.

Pased upon vacious faram surveys representacive form models utllizing
linear procramaing were constructed for the Central Platesu and the
Rastern Regicn (Tatde 3). The objective function was profit maximization
Wwith a constraint for a minimum meize production.

Bstimates »f the yield effects of tied ridpes with moderate fertili-
zation for corghum alone o the type of land in which sorghum is typically
cultivated, and for tied ridges alone for maize on compound land, were
astirated bacaed upon FSU/ZSAFGRAD data. Before the 1984 farm trials only
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these two activities were shown bto be profitable using simpie tudigeting
analysis. In 1984 the FSU/SAFGRAD program alee showed profitable results
for millet with improved agrencomy and even turther incrensed yield advan-
teges for the two above new technologies.

Tre research questions then ror the wmedel ore:

(1) whether the new technologies would be adopled on the model farms,
(?2) what would be their income effect, and

() what are the most pressing constraints preventins adoption?

Taple 3. Yield respurae o tred ridging plus fertilizer technolegy used
in the whole farm annlycis.!

Region Maice Sorghum
ksbha kp/ha
Central Platcau Highiy menurad compound soils  £30 (£9)
ligh uality village scils LoD {90) 550 {50)
High juality permanently
cult ivated bush s0ils 425 (90)
Low qui lity permunoently
cultivaled buch coils 325 {(100)
Eastern Highly mamured compound
s0ils 700 (55)
Hish quality viilage solls 650 (75)
High quality-fullowed
bush poilco 520 (90)
Low quulity-fallowed
bush zoils 420 (100)

Figures are yields achicved under donkey traclion technology; yields for
oxen were estimated to be 10 percent higher. TFigures in parentheses are
the percentage increase over yields esbimated for donkey traction alone
(i.e., without tied rideing ov fertilization treatmentei. Source:

Recth and Sanders (1985).

Extensive comparisons of many different 4lternatives are summarized in

2oth and Sanders (1055). The basic intformation ig in Tabies 4-7 and Fig.
2. The tied ridres come into the wroflt maximizing farm plan on both

the rompcund land and on the land Conventionally planted too sorghum (Stoop,
ot ar., 1982). They do increase income, but net very much compared with
the introduction of donkey and oxen traction due to the small area on each
farm on which the new technology is used.

(=3
The datn were lipited onthe labor requirements for constructing the
sied ridges. A value of 100 man-hours/ha was utiliced. Fig. 2 indicates
that farm profits are very sensitive to reduction of the labor requirements.

Thesge marginally profitable results were for millet fertilized with volta
phosphate over a three year period; hence, some residual effects of the
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.

Traditiconal T
management Tied-ridging technalogy
Hand tillage With donkey With oxen
Variable only traction traction
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
Millet 3.15 4,39 4.6
vice .03 .03 .03
Peanuts .07 .94 1.43
Fertilizer used: Urea 37 49
(kg/farm) Cotton fertilizer 73 98
Total cereals productinn, kg
Per household 1987 2975 3381
Per resident 199 213 225
Total oilseeds productiorn, kg 219 618 835
Net farm income (000 CFA):
Per household 131.8 189.8 229.3
Per worker 26.4 29.2 32.8
No. of workers per household 5.0 6.5 7.0

TRased on 50 kg urea and 100 kg cotton fertilizer per hectare; labor
time of 100 hours per hectare and yield estimates given in Table 10.
Source: Roth and Sanders (1989).
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Table 5. Effect of tied ridging technology plus animal traction on area
and net farm income estimates, Eastern

cultivated, production

Region, Burkina.

Traditional
management Tied ridging technology!
hand tillage With donkey With oxen
Variable Only traction traction
Total area cultivated, ha 4.10 6.14 6.78
Maize: Traditional .16 .16 .02
With tied ridges .14
Sorgwum :Traditional 7 .66 .83
With tied ridges 43 .54
Sorghum/millet (75/25) L7 7 77
Millet L7 .61 L7
Millet/sorghum (75/25) 1.36 3.16 3.46
Rice .05 .05 .05
Peanuts 23 .29 .20
Fertilizer used: Urea 21.7 28.2
(kg/farm) Cotton fertilizer 43.3 56.5
Total cereals production, kg
Per household 1961 3153 3733
Per resident 269 269 261
Total oilseeds production, kg 269 422 456
Net farm income (000 CFA):
Per household 103.9 136.4 155 .4
Per worker 29.7 27.3 26.0
Mo. of workers per household 3.5 5.0 .

Based or 50 kg urea and 100 kg cotton fertilizer per hectare;

labor time

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
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/houschold (000 CFA) 131.8
Income /ha 27.5
Income/work ey 26.4
Donkey householids
Total area cultivated, ha 7.29 6.96
ictive workers/houschold 6.5 6.5
Area cultivated/worker 1.12 1.07
Income /household (000 CFA) 178.4 189.8
Income/ha 24,4 27.3
Income/uorker 27.5 29.2
Oxen households
Total area cultivated, ha 8.13 7.67
Active uworkers/household 7 i
Area cultivated/worker 1.16 1.10
Tncome/houschold (000 CFA) 211.3 229.3
Income/ha 26.0 29.9
Income/worker 30.2 32.8

1The unsubsidized price of fertilizer was utilized: 122 CFA/kg urea and
125 CFA/kg cotton fertilizer.

2since 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 impacis of animal tracticn, fertilization, and
tied ridging technologies, Eastern pegion, Burkina.

Traditional Tied ridges plus
Alternative power source technologies fertilization

Hand tillage

Total area cultivated, ha 4,10 2
Active workers/household 3.5

Area cultivated/worker 1.17
Income/household {000 CFA) 103.9

Income/ha 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
Income/houszhold (000 CFA) 135.8 136.4
Tncome/ha 21.3 22.2
Income/worker 27.2 27.3
Orxen households

Total area cultivated, ha 7.10 6.78
Active workers/household 6.0 6.0
Area cultivated/worker 1.18 1.13
Income/household (000 CFA) 152.9 155.4
Income/ha 21.5 22.9
Income/vorker 25.5 26.0

1The unsubsidized price of fertilizer was utilized: 122 CFA/kg urea and
125 CFA/kg cotton fertilizer.

2Since the tied ridging is a very labor intensive operation, it was
assumed that 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
y1 = base yields
199 y2 = base yields + 10%
Net farm 196
income
1 1
{(*000) 93 y \
1690
187 \
184 i
181
178 Donkey solution
without tied ridges
X ) ) L and fertilization
75 100 125 150 175
Additional labor spent making tied ridges
Eastern Region - Oxen
167 y2 yl = base yields
164 | y2 = base yielas + 10%
161
Net farm v
income 158 T
(r000)  ° ™~
155 ——
Oxen solution
152 without tied ridges
. N N . and fertilization
75 100 125 150 175

Additional labor spent muking tied ridges

Fig. 2. Effect of various yields 2nd labor spent tying ridges on
total net revenue of the farm. Source: Roth and Sanders (1985).
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FOOD CONSUMPTION ANALYSIS AND RELATED PARAMETERS FOR OUAGADROUGOU
BURKINA.

Kimseyinga SAWADDGO]

Conzunption sots the ctage tor production. When consumption trends
crange, there can be un effect on the level and types of goods that ure
produced. Thus whoen does nipg new asricultural tectmoloples und food
policy, a2 view of the lung term concumption patterns and their likely
impact on production must Lo taken into censideration.  For erample, i
in five to Len years tihrourh technolopy intervention corghum production
is increased, will the increosse be abgorbed Ly consumers, at what price,
and what are the effccts on sorphum and other stavle tood production?
The results {from consumptlon oilnocan be ad an ocne of the indica-
tors as to where recenrch posd v should or should not be targeted.
This paper retvieds the consumption, production and lopchs of ataple
foods in Durkina. An analysic of varions consumpt.icon ameters is
undertaken and conclusion: draun with respect to future consumption
patterns.

-

Food consumption nnnlysis may be scen as 4 two steon process.  The
first step concerns the understanding of the patterns of consumption
of different food items by specific consuming wits, for example indi-
vidual housebolds, nations or proups of nations, and how thesc patteras
evolve in time and space in responsae to chrmping ecenonic and non-ece .
nomic condificns. Economic voriables usually thougnht to atffect cone
sumption behavior include the purchnsing power of and Lhe prices laced
by the consumin; unit. Won~cconomic variables that deteraine household
consumption patterns include population, houschold size, education, and
ethnic group wake up, This Uirst otep in analysing consumption leads
to the derivation of variovs consumplion parameters -- 2.5., income and
price elasticitios -- which characterize the consumphion decigion pro=-
cess of the consuming unit.

The second step consists in using the paraemebe, cated in the
first step to address micro or micro level food ur a . —.ultural peli-
cies. In the specific case of burkina Faso, Lhe majoc  ossue is that of
food sufficiency. Alleviating this probiom meons ths  enough foud must
be supplied through an incr ¢ in cithor domestic production or im-
ports. The question is thus raisced of which commoditics to promote.

In approaching such @ question, one pust Lrar in mind the dichotomic
nature of food concumption habits between urban and rural populations.
The rural population's dicu iu surchum and millew based and these crops
are all grown locaily. 1n contras., the urban dict includes a high
proportion of rice and vheat products, which are wmainly imported.

In azbsolute ferms, the quantitios consumed nationwide of sorghum
lgraduate student, Department of Agricultural Economics, Purduc
University, VWest Lalayctte, Tndiana. The author wishes to thank
Professors Philip Abbott ard John Sanders for comments on earlier
drafts of this paper.
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Tabieau 2. Jomestic prodguction, imports, and corsumptisn of rice in
Buricina Faso, 1975«81.1

I'rivate. Foreipn Total |
Agricul. Domestic Tmports’” Aid Consumplion A+M
years production® (M) (~) {c) C A/C A+M
——e——e——— b ric tons (%0 106 Y—m—
1978/19 25,565 7,581 31,981 2200 7.1 22
1979760 30,497 21,158 51,504 49,7 8.6 17.3
1980/81 26,138 24,9237 Be,5t2 5.7 10.5 18,1
1931/82 2G,405 11,520 ho,0712 37.6 8.9 23.6

Data on domestic product ion, private imports, and foreign aid are taken
from MDR-DEP statistics publication (1083),
20 irinal data werce in termc of paddy rice. A Tactor of conversion of
J0.65 has been zpplied to arrive ac the shelled rice equivalent
SPpivate imports mesns iuports by the private sector which requires
toreipn exchango.
4ratal consumption io obtained as the sum of imported rice and domestic
production, after a correcticon for seeds and wastes for the latter.

It is usuwally azsumed that 15% of local production is accounted for

by sceds and wastas.

Tauble 3. Impcrts of wheat, Burkina Faso, ?976—80}

Year Imports

. wetric tons
1976777 15,500

1977718 28,100
1978/79 23,100
1979780 36,040
1680/81 50,397
1

Source: Morris (1982).

Table 4, Relative importance of sorghum-millet and rice-wheat in
consumption.

Ratio
Year wheat-rice/millet-.sorghum
1978/79 5.6
1976780 8.9
1980/21 11.8

Tsource: Combining Tables 1-3.
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confronted with changing prices and ircome. This assumes that the pref-
erence structure itself remains unchanged during the process. However
such predictions become feasible only if the exact noture of the funcrion
is known {i.e., the mathematical form ard the values of the parameters
characterizing cuch form) which in theory is possible if ve have already
observed the houschold's pitterns of purchasing when confronted with
varying incomz and prices. That i, data on  jquantities pu-chased are
needed either tor the same houschold(:) over many time poriads. or for
different houscholds at the same poirt in time.

The system of functions representiiyg the househeld!s preferences
becomes quickly large and unmunageable i one considers each good
individually. For practical reasons there is a need to scale down the
problem by combining goods into vroader catepories, For instance the
entire set of a houschold's poods may be divided into food and nonfood;
food in turn may be subdivided into cereals, meat, vegetables, etc.

The actual grouping depends upon eapirical lssues tucn as the data avail-
able and the objective or the study.

Even by aggregating poods, the resulting number of subsets may still
be too large for the data at band.  An essumption commonly made in order
to empirically identii’y the parareters of the system is that budgel allo-
cation is a sequontial process whercby Lhe houschold first allocates
income among very broad catepories (e.g., food and nonfood); the portion
of income accruing te cach croup is then allocated among goods that
compose the group, withoutl turther reference to goods not belonging in the
group. In order for such 2 multi-stare budgeting to be Jogitimate, the
household?s preferencos must be separable into the catersories, That iz,
in generating househoid's ubility, the trade-off botwezn any two roods in
a category so as Lo koep utility unchanped is independent of marginal
changes in goods not belonsing in that catepory. When this assumption is
invoked, the number of parameters to estimate is drastically reduced (see
Phlips, 1974; Joumson, Housan, amd Green, 1984+ and Barewal and Goddard,
1985 for morc development on zeparability and sequential budgeting).

HETHODOLOGY OF STURY

The data that are useo in the analysis are 2 time serles of Cross-
sections generated by a survey conducted in Ouagadougou from September
1982 to August 1983. A total of 73 nhouschiolds were interviewed; the
data gathered included the weekly expenditures on each ol 63 products,
the sources and amcunt of household monthly income, and a seb of household
characteristics including houschold sive and composition by age and sex;
formal cducation, occupation, urbanization, religion, and ethnic group
of the head of bLouschold, The expenditure data were complemented by
price data generated through a market survey over the came pericod.  For o a
more therough description of the survey crocedure, sce Sawadcgo, 1985,

Data are argregated in twoe ways to facilitate the analysis. First,
weekly data are collapsed into 12 pontiy observationz. Then the 63
original products are combined into five feod groups and one ncn-food
group. Tne five [ood groups are:

(1) the traditional cercals, i.e,, sorghum, millet, and maize;

(2) the new type cereals, i.e., rice and wheat products;

(3) meat;

(4) vegetables and sauce products; and
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Table 10. FEstimated cross price elasticities using nonlinear least
squares on LES.

Entire Lower Middle Upper

Category sample 25% 25% 25%
” -

Tr‘adcer/newcer'1 -.10 - 16 -. 10 ~.07
Newcer/tradcer -.09 ~.18 -.09 -.07
Tradcer/maat .003 .06 .001 .02
Meat/tradcer 1.01 12 3.89 .89
Tradcer/vegetables .03 12 .02 .03
Vegetablas tradcer .06 .04 .08 .04
Tradcer/other food -.02 .06 .02 -.02
Other food/tradcer -.25 .20 .27 -.21
tlewcer/meat. .002 .06 .001 .03
Meat /nevcer 1.23 1 4,58 1
Newcer/vesetables .04 .1 .02 .04
Vegetatles/newcer .08 .04 .09 .05
Newcer/other food -.03 07 -.02 .03
Other food/newcer -.32 .20 -.32 -.29
Meat/vegetables -1 .09 ~1.10 -.05
Vegetables/meat -.002 -.01 -.001 -.02
Meat/other food .61 -.04 .94 .03
Other food/meat .01 -.07 .002 .09
Vegetables/other food 02 -.01 .02 .01
Other f'ood/vegetables 11 -.15 .08 L4

Ta/B = 8 Pp = elasticity of A with respect to price of B.
aPB A
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What is reguired is land saving technologies (intensive) to increase yields
through new crop development, so0il and water management and soil fertility
practices. On-station and on-farm research have a role to play in finding
ways to uze animzl traction in a more intensive mode especially in the soil
and water managenent areas. Such implements as a mechanical tied ridger
can be used as a land augmentingg toeol.

Papers in Scssion IV were pracentcd on metheds of cvuluating new
technologies, the role of conzumption analysis in technology design and
evaluation and techuology needs and promising avenues of roesearch.

Technolory ~valuztic., of on-farm lovel tests uce the rollowing citeria:

(1) technical feazibility (Is the technelogy superior to existing

farmer practices?),
(2) profitability, und
(3) appropriateness of the technology (Does the techaoleogy "fit" the
farmers' production system and constraints?)

The first critera involves the biological scicrtists, ie, zpronomists using
analysis of variance and their technical skiils in identifying diseases,
pests and the like. The second and third criteria are primarly undertalen
by socio-economic perconncl. Simple budgeting analysis can be used to show
the profitability of o tcchnology. However, even i a technology is tech-
riically and economically feasible, it may not fiv into the overall pro-
duction system of the farmer. Vhole farm modeling can facilitate in ans-
wering this question. Whole farm modeling techniques such as llnear pro-
gramuing (LP) can be used to model land endowments and iaber raquirements
and availability ol a representative farm. Technical azpectis of the new
technology from the on-farm research are modeled into the LP and evaluated
with respect to the availsble resources of the farm., The model indicates
the extent to which the new tochnology is adopted and indicates the cons-
traints within the producticn system that hold tne technology from further
adoption. The rezcults from the whole farm modeling exercl can be used
as feedback to scientists decigning the technologics. The approriateness
of the technology also includes a social soundness evilusztion ol the impact
of the technology on intra-housshold and inter-household relationships.

Contumption anaiysis is important because consumplion sets the ctare
for production, Over time, consumption trends change in response to in-
creases in income =nd education. As & gacietly becomes more aff'luent, pre=-
ferences turn toussd increazsed rice and wheat consumption which ave mainly
imported in the WnsAT and away Prom such locally grown stoples as sorghum
and millet. Such changes in consumpgtion patterns combined with increased
productiocn of sorpghum and millet through the use of new technoingy can
change [arm g prices and the relative profitabilily ot different crops.
Thus when designing new technologies, o view oo the long term consuumption
patterns and thelr impact on producer prices should be taken into censi-
deraticn. Orain imports under aid programs also can change relative nrices
and change consurer preferonc

The paper on tnchnology needs end promising avenues of res2arch
started with a critique cof agriculturai research policy. Since the inde-
pendence ora, economic development Of the WASAT has stagnated. The agricul-
tural =cctor has contributed to tne stagnation with very low growth rates
especially in principle food crop production, The small increase in total
food production, however, has come about through land area expansion rather


















