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Cereal technology 
development inthe 
Sahel 
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Soil fertility has been declining in the 

Sahelas a result ofincreasingpopula.

tion pressure, Water isalso scarce, 

and an adequate supply of water is 
required if crops are to respond 
favourably to the application of fertiliz-
er. Combined soil and water manage-
ment practices must thus be intro-
duced, and this will require vigorous 
is no cost-effective aleo,native to the 
use of imported chemical fertilizer, but 
long-term research can focus on this 
problem. 
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The conventional wisdom on sib-
Saharan African agriculture is that thisis a land-surplus region with the prin-
cipal constraint being seasonal labour 
availability. However, in spite of sub-
stantial governmental promotion since 
the second world war in many coun-
tries of animal traction and other 
labour-substitution techniques, adop-tion of these technologies has been 
minimal. Based upon farm testing of 
new technologies and field observa-
tions of farmers' practices, the two 
principal constraints to cereal-yield in-
creases in the semi-arid Sahel appear 
to be water availability and soil fertil-
ity. To implement techniques to over-
come these constraints, farmers will 
often encounter the problem of sea-
sonal labour scarcity. However, it is
the combined effects of more available 

w.ter and improved soil fertility that 
can substantially increase cereal yields.

The first section summarizes the re-
cent developments causing a break-
down of the traditional method of 

restoring soil fertility. The second sec-
tion discusses the water availability/
soil fertility constraints. In the last 
sections ,eimplications are drawn 
for agricultural policy and research
and development planning with re-
spect to new technologies to overcome 
these constraints, 

Farmers' response 
In both Burkina Faso and Niger, withincreasing population pressure, far

mers have been shortening the ttadi
tional fallow system. The decline of 
the fallow system has not been re
placed with the utilization of chemical 
fertilizer except in higher-rainfall re
gions such as south-west BurkinaFaso. Hence, soil fertility has been 
declining and soil erosion accelerat
ing. As the land quality deteriorates, 
cereal yields have been falling and the 
more stress-tolerant millet is replacing 
sorghum.' On the sandy dune soils 
millet is already the predominant crop
and there are only very small areas uf 
sorghum such as below the legune
trees and on the water recession areas. 
With declining soil fertility, farmers
expand into more marginal agricultu

ral zones to maintain the desired levels 
of cereal consumption. Introducing
livestock and legumes are feasible 
activities to increase organic matter 
content and improve soil fertility 

levels. However, cereal production
objectives come first for the Sahelian 
farmer before he can introduce more 
animals or more complicated rotations 

with improved legumes.The Sahelian farmer combines 
crops and cultivars of different season 
length to take advantage of differ
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ences in soil quality and as a portfolio 
decision. Long-season cultivars have 
higher yield potential but are riskier in 
bad years. The farmer has a range of 
locally adapted cultivars on his farm 
and in the region. Over the last decade 
shorter-season traditional cultivars of 
sorghum and millet have been widely 
disseminated in Burkina Faso.2 A 
similar phenomenon is occurring with 
short-season cowpeas developed by 
the public sector in Niger. In another 
long period of better weather, such as 
the 1950s and 1960s, a shift in cultivar 
portfolio mix back towards the longer-
season cultivars would be expected. 

Small farmers often extensify or in-
crease their cultivated areas to attain 
their cereal consumption goals. This 
strategy further depletes and degrades 
their limited soil resources. Purchas-
ing inputs to increase soil fertility is 
risky because of the variation in water 
availability and other stochastic fac-
a 
tors, especially the large variations in 
output prices. Hence it will be neces-
sary to develop an integrated technol-
ogy development programme to re-
spond to this crisis of declining cereal 
yields and depleted soil resources. 

New cereal technologiesfor the Sahel 

]n the semi-arid regions the import-
ance of water availability is clear from 
the definition of the region. However,
increased water availability needs to 
be combined with higher plant-

nutrient levels to increase cereal yields 
as the soil levels of N and P are 
generally very low. Since the response 
to fertilizer is dependent upon the 

plants having sufficient water avail-
able at the critical growth stages, ferti-
lization without increased water 
availability is too risky for most far-
mers in the semi-arid regons. The 
combiuation of methods to overcome 

both of these constraints has been 
shown to increase yields and to reduce 
risks from fertilization alone, both 
over time and across farms in repeated 

trials in Burkina Faso.3 These com-
bined innovations have also been esti-
mated to be highly profitable, except
in very good rainfall years when farm-

level cereal prices collapse. 4 

Presently, one water-retention tech-
nique of constructing ridges on the 

contour is being rapidly introduced by 
farmers with public agency support in 
the depleted soils of the Central 
Plateau of Burkina Faso.5 The effect 
of this technique depends upon the 
distance between the ridges and 
whether it is combined with soil fertil
ity improv ments. One advantage of 
this ridging is that the labour for it can 
be done in the dry season. Other 
water-retention techniques, such as 
tied ridges and improved land prepa
ration, have shown a larger effect on 
yields in repeated farm-level testing 
but these techniques need to be under
taken during the crop season when 
labour demands for agriculture are 
higher. 6 Even in the extremely de
graded soils, where rainfed cultivation 
of sorghum was previously not fedsj
ble, there are techniques to capture 
water and recover soil, such as using
demilunes. In Niger the techniques
have enabled a return to cereal cul

tivation in some areas. 7 

This combination of water retention 
and chemical fehilizer has a large
yield effect on the heavier soils where 

crusting frequently reduces infiltra
tion. On the sandy dane soils there is a 
different problem of retaining water 
around the crop roots. Here the same 

principle of combining water retention 
and soil-fertility improvement has 
been obtained with higher plant densi
ties and chemical fertilizer.8 

Due to the cash expenditure, the 

risk and the requirement that chemical 
fertilizers be available to farmers at 
specific times, there has been substan
tial interest in the Sahel in research on 

alternatives to chemical fertilizer, 
especially on animal manure, crop
residues and rotations (see Table 1).
Outside the Sahel there has been 
experiment-station research on biolo
gical nitrogen fixation and on mycor

rhizae. In the last decade there has 
been experiment-station and farm
level testing in the Sahel of the local 
rock phosphates. 9 Recent research in 

Niger indicates that the high-quality
rock phosphate from Tahoua. even 
when partially acidulated, can be com
petitive with imported super-simple 

phosphate only if supplied to farmers 
at approximately 25% of the price of 
commercially imported super-simple 
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Table 1. Some relevant water availability and 
soil fertility alternatives for the Sahelian
countries. 
Water availability
Water conservation techniques 

Dikes 

Improved land preparation 

Rainfall harvesting techniques

ied ridges 


Irrigation
Large projects

Micro irrigation, ea wells 

Supplementary 


Crop breedirng 
Drought tolerance 

Soil fertility Improvements 
Inorganic fertilizer 

Imported 
Locally available (rock phosphate) 
Manure 

Incorporation of plant residues 

Alley cropping 


Alternatives to fertilization 
Improving traditional alternatives

Crop rotation 
Intercropping 
Fallow periods 

Crop breeding 

Low P tolerance
Tolerance to aluminium 

Sophisticated new technologies
Inoculation of legumes for improved N fixation 
Mycorrhizae 
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phosphate. This implies that at present
efficiency levels the rock phosphate
is not likely to become competitive 
'th the imported chemical.' 0 

In spite of this farm-level and 
expe'riment-station research, the uti-

lization of organic and local inorganic
fertilizers appears to be slightly declin-
ing in the semi-arid Sahel. As corn

munal grazing land becomes less avail-
able, there are fewer animals. Many
technical and economic problems of 
these alternatives to improved chemi-
cal fertilizer have not been resolved." 
Over the next decade the principal 
method of improving soil fertility in
the Sahel will need to be the importa-
tion of chemical fertilizer. The prin-
cipal nutrient deficiencies are present-

ly P and N and inorganic fertilizers are
the most concentrated and lowest-cost 
sources presently.' 2 Organic fertiliza-

tion can supplement this effect and
improve water retention and trace ele-
ments. Hence, at the low levels of soil 
nutrients in most of the Sahel, inorga-

nic and organic fertilizers will be com-
plements, not substitutes. 

Policy implications 
New agricultural technologies in the
semi-arid Sahel need to focus on im-

proving the agronomic environment to
enable sustainable cereal-yield in-
creases. The priority suggested here 
and elsewhere' 3 is to simultaneously 
apply new soil- and water-managementtechniques. Currently the use of 
fertilizer in sub-Saharan Africa is the 
lowest in the world - about 2.8 kg 
per ha of agricultural land or one-
tenth of the level in India.' Inthe 

best agricultural region of Burkina 
Faso chemical fertilizer consumption
has been declining slightly on a per-
farm basis with the gradual elimination 

of fertilizer subsidies since 1984.15 
Producers adopting new combined 

soil-fertility and water-conservation 
technologies face a learning curve, 

The management requirements of in-
troducing these technologies simul-
taneously are high; hence farmers are 
expected to obtain the full benefits of 
the new cost-reducing technologies 

only gradually. .Some facilitation of 
the introduction of these technologies
by the pub!ic sector seems to be 

appropriate. These could be farm
level demonstrations and public help
in implementing the water-retention 
measures, as with the contour ridges
in Burkina, or more public investment 
in infrastructure development to im

prove input and product markets, or 
temporary subsidies on inputs. 

Conclusions 
In the higher-rainfall region of Burki
na (above 800 mm of annual rainfall at 
90% probabilities) there has been 
rapid agricultural development based
principally upon cotton yield improve
ments and substantial increases in
chemical-fertilizer consumption. In 
the lower-rainfall regions (500-800 
mm) the combined technologies of 

water retention and moderate fer:i
lization have the potential to increase 
cereal yields by 50-100%. Since far

mers find it difficult to introduce 
several new technologies simul
taneously, some public support is sug
gested. However, th,! technological 

and economic potentials for substan
tial cereal yield gains have been dem
onstrated. It is time to be more opti
mistic about the potential in the Sahel 
for cereal yield increases and to prom
ote combined technology introduction 

more aggressively.
Research programmes can usefully

search for alternatives to chemical fer
tilizer. Lower-cost alternatives to che
mical fertilizer proposed presentlyhave either management or technical 
problems or are actually more 
expensive.' 6 Based upon present sci
entific knowledge and economic feasi
bility, action programmes to increase 

cereal yields in the Sahel now will 
need to utilize chemical fertilizers and 
some water-retention techniques. De
velopment programmes need to move 

ahead by promoting chemical fertilizer 
rather than waiting for the 'magic',
low financial expenditure, no foreign
exchange requirement substitute for 

chemical fertilizer. The long-run goa
of research should not impede the 
short-run objective of increasing cere
al yields now. Scarce foreign exchange
will need to be utilized and marketing 

infrastructure improved for the more 
timely availability of fertilizer and to 
handle increased cereal supplies. 
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