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NATURAL RESOURCES MANAGEMENT FOR SUSTAINABLE AGRICULTURE
IN THE SUDANO-SAHELIAN ZONE

M.V.K. Sivakumar, C. Renard, M.C. Klaij, B.R. Ntare,
L.K. Fussel and A. Batiano

1. INTRODUCTION

The Sudano-Sahelian zone (SSZ) of West Africa extends over several
countries from Senegal and Gambia in the west to Chad in the east. With a
growing season length varying from 60-150 days, it offers a range of
growing conditions, but a large part of the region falls under 120 days of
growing season (Sivakumar, 1989a). Subsistence agriculture is the main
mode of 1livelihood in this region since 90X of the population 1lives in
villages. Extended droughts since 1969 and successive crop failures
resulted in a decline in the per capita food production. Hence sustainable
agriculture to feed the growing populations has become an issue of major

concern.

In the SSZ traditional systems of agriculture which thrived for
centuries, were based on a delicate balance between crop production and
ecological recycling of nutrients through long fallow periods and shifting
cultivation. However, with the increasing need to feed the rapidly growing
population in the region, fallow periods have virtually disappeared and
rangelands were put to cropping bringing more marginal lands under
cultivation. These practices have raised critical questions as to how long
these areas can be kept ‘productive. The only way to sustain productivity
in these areas is through ‘use of a production system which 1is based on
congservation and efficient use of the natural resources. This paper
reviews the major constraints of natural resource use for austalnahle

agriculture in the SSZ and describes several aspects of natural resource
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management  using a case study from the ICRISAT Sahelian Center located at

Sadore in Niger.

2. MAJOR SOLL AND CLIMATIC CONSTRAINTS FOR SUSTAINABLE AGRICULTURE IN THE
SUDANO-SAHELIAN ZONE :

2.1 Extreme variability of Rainfall in Time and Space : As is common with

the semi-arid tropical reglons elsewhere in the world, rainfall in the SSZ
is low, varfable and undependable. Certain characteristics of rainfall 1in

this zone are as follows :

a) Rainfall {in the SSZ is monomodal with the rains concentrated in a
shori period of 3“4 months. This is followed by a long, dry season for the
rest of the year. Agriculture in the SSZ, which is predominantly rainfed,
relies heavily on the timely onset of rainfall and its regular.distribution

through the rainy season.

b) Temporal and spatial variations of rainfall are so large that
agricultural systems in the marginal conditions become vulnerable to such
variatlons. Annual rainfall variations at three locations in the SSZ (Fig.
1) 1illustrates this problem clearly. Years with very high rainfall could
be followed quickly by below-average rainfall years. The coefficlent of

variation (CV) of annual rainfall ranges bétween 15-30%,

c) Variability in the monthly rainfall is much larger since the rainfall
is usually limited to the summer months i.e. May to October. This can be
seen from the variation in the monthly and annual rainfall at Filingue,

Niger from 1931 to 1988 (Fig. 2).

d) An important feature of the Sudano-Sahelian rainfall i{s the magnitude

and extent of the rainfall deviations. Below normal rainfall could persist
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for 10-20 years. This can be clearly seen for Filingue (Fig. 2) where

rainfall deviations exceeded 50% of the mean rainfall.

e) Rainfall deviations are common over many semi-arid regions of the
world. The SSZ of West Africa however, 1s unique because of the wide
spread nature of the raintall fluctuations. Nicholson (1980) termed this
feature as "preferred geographic pattern". For example, the reduction 1in
the mean annual rainfall in Niger after 1969, was a geographical mean

pattern, not an isolated or patchy occurrence (Sivakumar, 1989a).

2,2 Diversity of Soils and Problems with Soil Management in Traditional

Agriculture : Most climatic zonation schemes are based upon natural
vegetation and this is true in the case of SSZ as well. The use of this
term dates back to Chevallier (1933) who first used the terms 'Sahelian"
and "Sudanian", with reference to the natural vegetation patterns. These
developed from the north-south movement of the Intertropical Convergence
Zone, the principal rain bringing mechanism in West Africa. Later
Aubreville (1949) recognized that these climatic zones are essentially
transitory In nature and proposed the terms 'Sahelo-Saharian"”, and
'Sahelo Sudanian" zones. Afterwards seven different rainfall limits have
been proposed for delineating the Sahelian and Sudanian zones (Sivakumar,

1989a).

One of the basic problems with the use of broad climatic zones such as
SSZ for sustainable agriculture 1s that {t may convey a sense of
homogeneity. In reality, the term SSZ hides a diversity of crop growing
envlronnentg; Even if there is an agreement on the rainfall limits that
could be used, water availability for crop growth should take into account

not just rainfall, but potential evapotranspitration and soll types as well.
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From the point of sustainability therefore, it 1{s important to
recognize the diversity of sofls in the SSZ. Major soil types and their

extent in the SS8Z, computed from the soils map of Africa (FAO-UNESCOM

1977), are shown in Table-l.

Aeronosols and Luvisol are the two major soil types 1in the SSZ
accounting for 56% of the total area. There are important differences {in
the physical and chemical characteristics of these solls as described by

Sivakumar (1989b).

2.2.1 Poor management of soil fertility : Aeronosols are low in

organic matter, N and P. The soils are very sandy, and the organic matter
and cation exchange capacity of these soils is low. With the reduced ratio
of the lenpth of fallows to cropping years in the SSZ, soil fertility has
been declining. According to Mudahar (1986), average use of fertilizers in
the sorghum and millet growing countries of West Africa was only 5 kg/ha.
In the absence of added manure or fertilizers on these poor soils, the
rapld decline In the productivity under conditions of continuous cropping

threatens sustainable agriculture in this region.

2.2.2 Limited, untimely soil management practices : Rainfall intensities in
the §$S% are much greater in the temperate and subtropical zones and pose
special  problems {n agricuitural management and soil conservation.
Although appropriate soll and water management practices are crucial for
making efficient use of the limited rainfall, at the farm level soll
management practices are virtually unkndwn. In a major part of the millet
growing reglon In the SSZ, use of animal‘ traction for preparatory
cultivation 1is not common and the soils are seldom plowed (Spencer and

Sivakumar, 1987). On soils that are hard and crusty, non-adoption of soil
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tillage results in low infiltration rates and runoff, and in low water use
efficiencies. Perrier (1986) in Burkina Faso estimated the surface runoff

losses to vary from 40 to 80X of the annual rainfall.

2.3 High Temperatures and Wind Erosion lead to Problems of Crop
Establishment ¢ Environmental conditions during the stage of crop
establishment in the SSZ, specially in the low rainfall areas, are usually
harsh since the sowing rains follow a long and hot dry season. Alr
temperatures 1in the SSZ are usually higher because of the high radiation
load. ’ From south to north temperatures increase and rainfall decreases.
From the analysis of the frequency distribution of air temperatures,
Sivakumar (1989a) showed that mean maximum temperatures could exceed hOOC
at the time of sowing and that absolute temperatures could be much higher.
During the dry season, and in dry 9p;tls during crop establishment, when
the surface soil 1s hare and dry, the fields are susceptible to wind
erosion. Moving sand particularly affects crop establishment by damaging
the seedlings by "sand blasting" and burying. In addition, during seedling
establishment period, soll température at a depth of 5 cm can reach 4200 on
a sunny day following raln (Klalj and Serafini, 1988). Under these

conditions, seedling death is quite common leading to sub-optimal plant

stands and replanting over large areas.

3. NATURAL RESOURCE MANAGEMENT FOR SUSTAINABLE AGRICULTURE - A CASE STUDY

AT THE ICRISAT SAHELIAN CENTER, SADORE, NIGER

Effective and stable soil and crop management practices in the
drought-prone $SZ can be developed with an understanding of the environment
and 1its variability. Several aspects of natural resource wanagement for

sustainable agriculture have been described using a case study at 1SC.
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3.1 Analysis of Rainfall Data for Deriving Effective Cropping Strategies

3.1.1 Coping with uncertainties of rainfall : As described earlfer,
rainfall wvariability in the SSZ is high and one paa to cope with a high
degree of wuncertainty in the rainfall patter;s from year to year.
Historical rainfall data could be analyzed for detection of any predictors
of this uncertainty and for evaluating cropping risks. Even at locations
such as Niamey with low average annual rainfall (560 mm), years with more
favourable rainfall distribution do occur (Fig. 1) and it is necessary to
strive for product-maximizing strategies 1in such years. Hence any
predictors that could help in early identification of the rainy season
potential will be {important in designing appropriate strategies for

increased food production in the SSZ.

From an analysis of parameters such as the onset of rains and the
length of the growing season for 58 locations in Niger and. Burkina Faso
which fall in the S$SZ, Sivakumar (1988) showed that the date of onset of
rains (s an useful predictor of the rainy season potential. This is based
on the Ffinding that the onset of rains is much more variable than the
ending of rains. At Niamey, the standard deviation (s.d.) for the average
date of onset of rains (12 June) is 18 days while the s.d. for the average
date of ending of rains (27 September) is 12 days. Therefore, an early
onset of rains offers the.probability of a longer growing season while
delayed onset results in a considerably shorter growing season. Hence the

potential of the growing can be d with reference to the date

of onset of rains. This is illustrated in Table-2 for Niamey, Niger
(database 1904-1988). If the onset of rains occurs 20 days early i.e., by
24 May, there is a 71% probability that the growing season will exceed 120

days. On the other hand, Lf the ralns are delayed till beginning of July,
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there 1is only a 15% probability that the growing season will exceed 100

days.

The above analysis suggests that 4t 1is possible to cope with
uncertainties of rainfall in the SSZ by formulating alternatives that can
be offered to farmers, based on the date of onset of rains in a glven
year. Aspects of application of this strategy are discussed under

agronomic management in this paper.

3.1.2 Understanding the nature of Intra—-seasonal droughts : Although the
date of onset of rains provides an idea regarding the potential of the
growing season, questions still remain on the nature of distribution of
rainfall with the growing season. When are droughts most likely to occur
with in the growing season and what is the expected length of the droughts?
Long term daily rainfall data could be analyzed to answer such questions.
Sivakumar (1988c) used the specific definition of onset of rains for each
year as the sowing date and computed the length of dry spells (or days
until the next day with rainfall greater than a defined threshold value)
and the percentage frequencies of dry spell lengths for 150 locations in

the SSZ.

The length of dry spells fo; Ouagadougou, Burkina Faso, at 50, and 90X
probability levels for 10 and 20 mm rainfall thresholds are shown in Figure
3. The choice of the probability levels reflects the degree of certainty
with which the dry spell lengths can be determined. For example, at 50 DAS
for the 10 mm rainfall threshold, 50% of the dry spells will end after 3.2
days (Fig. 3a) while 90% of the dry spells will end after 8.5 days (Fig.

3b). Length of dry spells between 50 DAS and 90 DAS are markedly reduced.
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This 1s more evident at the 90 % probability level than at the 50% level.

The predicted length of dry spells increases with time after 100 DAS.

The {implications of the above analysis is that in terms of crop
phenology, dry spells from the stages of emergenc; of panicle {nitiation
(up to 30 DAS) and graln filling last longer than those during panicle

initiation to flowering (30-60 DAS).

3.2 Understanding the sandy solls and their management

3.2.1 Soll physical properties : Measurement of the physical and chemical
properties of soils help understand the soil resources and their
cﬁnstralnls and in evolving strategles for their management. According to
the U.S. system of classification the predominant soil series at the ISC
are classified as a Psammentic Paleustalf (West et al., 1984),
correspounding to "Sol ferrigineus tropicaux" in the french. system. The
total sand ‘content is around 90%, of which 85% fall within Chepil”s
classification (quoted by Zachar, 1982) of soil textural ranges with a very
high (0.1 - 0.15 mm), to high (0.05 - 0.1 mm and 0.15 - 0.50 mm) potential
for wind erodability. The dominant clay mineral i{s kaolinite. The clay
content of the topsoil is about 5% gradually increasing to 6-8% at a depth

of 1.5 m. As a result these soils are weakly structured.

The soil surface 1is generally flat and smooth with a' negligible
rainfall surface storage capacity. A weak crust may be present. The soil
surface horizon i% yellowish red to about a depth of 30 cm. The Bt horizon
consists of weakly structured red sand to depths exceeding 2 m. Soil bulk
densities of the top soil range from 1.40 to 1.70 Mg m— corresponding to ;

porosity of 36% to 43%. The densities at the higher end of this range may
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hamper root development through mechanical resistance. Sub soil bulk
densities are somewhat lower.

Raipfall simulation runse on untilled initially dry 1.5 x 1.5 m plots
(3-4X slope) demonstrated sustained Infiltration rates of 100 mm hour—l for
over 2 hours (Klaij and Hoogmoed, 1989). The saturated hydraulic
conductivity 1s very high at 150-200 cm duy'l. As a consequence these
solls have a rapid internal drainage, with soil moi{sture contents reverting
quickly to field capacity after a rain. Actual runoff on wuntilled plots
cropped with pearl millet (plot size 6 x 24 m, 3-4% slope) was 1.5X at most
from 1984 to 1987.

-3
The available sofl moisture, ranging between 0.07 - 0,10 g cm

»
increases slightly with depth as the clay coatent increases. Macro
porosity, the air filled pore space at field capacity, 1is very high

ensuring good aeration levels.

3.2.2 Soil Chemical properties : One striking feature of soils of SSZ
is their inherent low fertility (Table-3), which is expressed through their
low levels of organic matter, total nitrogen #nd effective cation exchange
capacity (CEC), The low CEC could be attributed to the low clay contents

as well as the kaolinitic mineralogy of the soils.

Several investigations have shown that phosphorus (P) constitutes the
major constraint to food'prodﬁctlon in the SSZ. Total P contents range
from 25 to 349 mg P kg“l with an average of 110 mg P kg—l (Bationo et al
1989b), but these soils can be considered as having relatively low P fixing
capacity. Only a small amount of P fertilizer is required to satisfy the

crop needs, due to the low P buffering capacity associated with these

soils.
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3.3.3 Tillage, fertilizer application, crop establishment and yield :
Roughentug  the  sotl surface by tillage helps minimizing wind erosion
effects. On similar sandy solls, modifications in the soil surface such as
ridging may reduce soll losses due to wind ero;ion by as much as 852
(Fryrear, 1984), Modest amounts of crop residues, covering as little as
20% of the soll surface (0.6 t of corn stalks) reduced soil losses by 57X
(Fryvear, 1985). These are important aspects in minimizing wind erosion

damage durlng crop establishment.

However, tillage 1in dry conditions must be avolded, it requires
excesslve enerpgy and Lt results in a loose cohesionless top soll which is
even more susceptible to wind eroslon. But in a moist top soil, tillage is
easy and  produces a reasonably stable soil surface (lloogmoed and Klaij,

1989). As explained earllier, reductions in bulk density and soil surface

wod{f{ecattons resulting f[rom tillage do not have an important impact on
inftitiation. Howover, reduced bulk density from tillage does not result
in enhanced rooting, greater access Lo soil molsture, increased fertilizer
uptake, and therefore higher ylelds (Charreau and Nicou, 1971; Chopart,
1983). These yleld advantages are most pronounced in dry years (Pieri,
1985).

At the 1SC several tillage methods have been evaluated in combination
with additton of phosphords fertilizers In terms of plant establishment and
crop yields, Tillage and crop tow.orfentation in this experiment was
perpendicular to the prevalling di.ection of erosive winds which usually
accompany storms In the beglnuing of the season. We compared the effects
of plowing to a depth of 15 cm, ridging (75 cm between ridges, ridge height

15 ¢m) without other primary tillage, "sandfighting”, (increasing the
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surface roughness by creating small depressions and clodsl. and a treatment
without primary tillage referred to as no-till for their effect on millet
production over a 2 year period.

The treatments were permanently assigned to plots, and were compared

with or without the addition of chemical fertilizers: 17 kg P ha' pre-
sowing and a split application of 40 kg N hn_l at 3 and 6 weeks after
sowing. The tillage treatments were carried out at the beginning of the
rainy season with the first rainfall exceeding 10 mm, Tractor drawn
equipment was used to ensure maximum seed placement precision (depth) and
repeatability over the years. Thirteen thousand millet hills ha—l were
planted in rows 75 cm apart. Plowing and ridging with soll moisture at
field capacity reduced soil bulk densities in the 0-15 cm layer to 1.22 mg
m‘ , thus increasing total soil porosity to 54X. Reconsolidation due to
raindrop impact during the season proved to be a slow process.
Penetrometer measurements confirmed the persistence of reduced bulk density

through much of the season, two months after plowing, soll resistance was

still 50X lower than in untilled soil,

Agronomic results show the important interaction effect of pre-sowing
cultivation and fertilizer application. Plowing and ridging improved plant
stands and yields more when they were combined with fertilizer wuse. The
response to fertilizer was moderate in the absence of primary tillage and
on “sandfought" plots (Table~4). As ridging without other primary tillage
requires considerably less time and energy than plowing, it seems o be the

most appropriate technique in helping establishing a pearl millet crop.

The soil management measures described are effecti.- on a field scale

.protecting the land and limiting wind erosion damage. ldeally these



140

tactical measures ought to be part of a comprehensive soil protection
strategy, 1in which crop rotations, the (partial) return of crop residues,

and wind breaks are likely to play an important role.
4. MANAGEMENT OF SUSTAINABLE MILLET-BASED SYSTEMS

4.1 Cultivar choice : There is scope to develop more productive and
stable millet cropping systems with the increasing availability of aew
cultivars with a different plant type and maturity cycle shorter than the
traditional cultivars. Such systems must have the stability typical of
tradition systems. Matching the cultivars phenology to season length {is
very {mportant {in providing this stability. Cultivars should reach
maturity before available soil moisture i{s exhausted. Given the rainfall
variability {n the Sudano-Sahelian zone and the high probability of intra-
season droughts, early maturing pearl millet varieties are most likely to
produce an acceptable yield in most years. For example, in a variety trial
conducted at the ISC over five years and under adequate soil fertility, the
early maturing improved cultivar (CIVT) outyielded the 1local cultivar
(“Heini Keri”) in four out of five years. The choice of the early varlety
(90-day cycle) resulted in a mean increase in grain yleld of 16% across the
five years when compared with the late maturing local cultivar‘ (110-day

cycle).

Early maturity is desirable for two reasons. Firstly, with-a shorter
growing season and the high probability of drought, both at the start and
end of the rainy perl#d (Sivakumar, 1989b), earlier varieties help to avoid
this moisture stress. Further—more, earlier millet varleties, such as CIVT
and ICH412 (90-day cycle) use less moisture than traditional cultivars of

110-day duration such as Local Sadore (Fig. 4a). With the higher.
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grain yields the earlier maturing varieties, water-use efficiencies are
markedly improved (Fig. 4b). Secondly, there is much more flexibility in
selecting a ﬁore favourable planting time. Both of these advantages result
in a much lower chance of crop failure and, thus, a more stable cropping

system.

4.2 Cropping System Choice : Intercropping and relay cropping systems

offer alternative cropping strategies to sole crop systems for maximizing
water use efficlency 1in conditions where season length and rainfall

incidence are highly variable.

Intercropping of cereal and legumes is a common practice by farmers in
the semi-arid zone of West Africa (Fussell and Serafini, 1985). This
system has been developed under conditions involving both risk and
constraints which 1limit crop production. Farmers use this system as a
response to scarcity of resources and to lower risks and laber requirements
(Norman, 1974; Matlon, 1980). The parity and, often, superiority of
intercropping over sole crop in terms of 1insurance from risk, better
resource~use and higher returns has been highlighted (Willey, 1979;
Francis, 1981l; Fussell and Serafini, 1985). From the results of recent
research in the Sudano-Sahelian 2one it has been concluded that
millet/cowpea intercropping generally improves and stabilizes yields

Fussell and Serafini, 1987; Ntare et al, 1989).

Traditional millet cropping systems, however, are expected to change
as improved germplasm of cereals and legumes, as well as other new
technologies, become available, and as {increasing population pressure
demands more intensive land use and greater productivity from farm labor.

Millet/cowpea intercropping experiments conducted at the 1SC since 1984,
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are demonstrating the importance of cowpea plant types in improving the
cropping system. Early maturing (60-70 days) erect cultivars are less
competitive with pearl millet than full season cultivars (Table-5). Yield
advantages of up to 60X have been recorded. Millet yields were not
greatly affected by the presence of early maturing cowpeas, where soil
fertility and moisture were adequate (i.e. >500 mm of seasonal rainfall, 40

kg PO ha added). FEarlier shorter statured millets than the local
25
cultivars have been shown to also enhance cowpea hay and grain production,

further {improving the productivity of the system (L.K. Fussell, personal

communication).

Other changes may include a gradual change from the traditional
mixtures of cereals and legumes towards more structured and potentially
more productive cropping systems. These may involve sole cropping in some
cases, or strip cropping which preserves the multiple crop output of the
traditional system but in a more structured fashion, or possible various
forms of relay cropping. Any of these may be suited to realizing the yleld
potentials of improved germplasm and other new technologies (including AT
and use of agricultural chemicals), which can both be more profitable and

alleviate the land-use pressure of traditional systems.

In years with early onset of rains, a complementary system to
intercropping 1is the relay cropping of millet with cowpea for hay. This
strategy assumes that the farmers” aim i{s to harvest a test at 1sc,
Sivakumar (1989d) showed that when the onset of rains occurs early, it {is
possible to establish a second crop of cowpea for hay. Cowpea enables
effective use of the September rains, a large part of which would otherwise

have evaporated because of the poor water holding capacity of the soils at



143

ISC and provides valuable hay (and possibly grain if ralns continue in

October) to the farmer.

Though sole crop cowpea is not a traditional system in the Sudano-
Sahelian =zone, 1t still holds promise.. Millet grows best on land
previously cropped with cowpeas or groundnuts (Pieri, 1985), although it is
not clear if the increased yields are due to residual effect of N from the
legume of reésidual fertilizer P not used by the legume. There 1s evidence
of a combined residual effect from cowpea and groundnuts (Fig. 5). The
role of legumes such as cowpea and groundnuts in the soil N-economy and
fertility maintenance cannot be over emphasized. At ISC, researchers have
began to quantify the beneficial rotational effects of the cowpeas on
millet. As cowpea is becoming popular as a cash crop in the region, it is
feasible and desirable to use purchased inputs, such as fertilizers and
pesticides, on sole cowpea which will result in greater millet yield the
following season (ICRISAT, 1988). This is one way of intensifying the

cropping systems while sustaining and maintaining the stability.

4,3 Agronomic management : Traditionally, pearl millet is sown after the

first rainfall of more than 10 mm on inherently low fertility soils.
Millet densities are low {(3000-~7000 hills ha l), an appropriate strategy in
the absence of added fertilizer, as there is little or no response to
higher densities on these poor soils (Fig. 6). lowever, the use of
fertilizers warrants a concomitant change in plant type and increase 1in
millet densities (Fig. 6) and even {ntercropped cowpea densities (Fussel et

al, 1987). Improved millet varieties have been shown to be more responsive

to higher soil fertility and plant.densities than the traditional varieties
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-1
hills at low densities (1000-5000 hill ha ), 2-4 weeks later. In this

system, the competitive effects of cowpea on millet yields necessiates a
rather low cowpea density. However, both cowpea grain and fodder are
salable products and this should off-set the loss in millet yields due to
intercropping at higher fertilities and plant densities. Furthermore,
increasin the density of an early maturing cowpea has been shown not to

reduce millet ylelds below that of traditional cowpea/millet .intercrop

(Ntare, 1990 in press).

Cowpea 18 sown 2-4 weeks after millet under traditional practices.
Millet/cowpea {intercropping research conducted at ISC has shown that thee
grain yield from early maturing cowpeas is substantially increased when
sowniwlth or shortly after millet without the intercrop tdveraely affecting
millet yield (Ntare and Fussel, 1988). Planted in this way cowpea grain
and fodder yields were higher in paired rows than single alternating rows,

whereas millet ylelds were similar to those produced under sole crop.

4.4 Use of fertilizers on the sandy soils : Soil fertility limitation is

recognized as the major constraint to increase productivity in the SSZ and
it is widely speculated that the severity of this constraint is increasing
because fallow periods are decreasing due to population pressures.
Although lack of moisture limits crop production, research results showed
that soil fertility is a more serious problem than rainfall (Bationo et al
1989b). Table-6 shows that millet yields can be increased three folds {if

the soil fertility can be improved.

Crop response to nitrogen (N) in the SSZ depends upon the genetic
potential of the plant as modified by agroclimatic and farm management

factors. Thus nitrogen management tends to be site-specific and several
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studies have shown that only in the presence of adequate P will the
response to other fertilizers be found (Traore, 1974). Christianson et al
(1988) found that millet response to N was most affected by mid-season
rainfall over a six week yield sensitive period corresponding to millet
stem elongation and anthesis. In the past, few studies using 15 labelled
fertilizer to assess the fate and efficiency of fertilizer N in millet
production were reported. Christianson et al (1988) found that total plant
uptake of N was low (20-37%) and losses were severe (25-53X). The majority
of N remdining 1in the soils was found in tne 0-15 cm layer and the

mechanism of N loss is believed to have been ammonia volatilization.

Farmers in the SSZ use very low densities when growing millet in order
to reduce the risk of crop loss due to low moisture availability (Dancette,
1983). Bationo et al (1989a) found that farmers will gain high benefit

from N input by increasing planting density without increasing risk.

Use of commercial P fertilizers in the SSZ is limited due to the high
cost of imported fertilizers but several countries in this region are known
to have phosphate deposits. Direct application of 1indigenous phosphate
rock (fk) can be an economic alternative to the use of imported, more
expensive commercial fertiiizers and would allow savings of much needed
foreign exchange. The effectiveness of PR depends upon its chemical and
mineralogical compositl;n, and soil factors. According to the
classification for direct, application of PR proposed by Diamond (1979), the
PR available from Tahoua 1in Niger, is medium in 1{its reactivity. By
acidulating PR with only a portion of sulfuric or phosphoric acid required
to fully coavert the insoluble phosphate to water soluble phosphate
monohydrate (Schultz, 1986), the solubility of PR can be increased. Field

trials conducted at ISC showed that acidulation of PR up to 50%, can
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increase {ts agronomic effectiveness and increase the crop ylelds (Fig. 7).
Use of a l1imited quantity of fertilizer ensues better plant stand,
increases the water use efficiency and crop yields. With continuous
cultivation, sulphur deficiency becomes evldent-ie can be seen from the
differential response to single superphosphate and triple superphosphate
which contains sulphur (Fig. 7). Vlek (1985) pointed out that it is
impossible to assess the seriousness of micronutrient deficiencies in SSZ

on the basis of the available data.

4.5 Use of crop residues for water and fertility management :

Traditionally, soil fertility in SSZ has been maintained through shifting
cultivation, aud farmers abandoned lands to fallow as productivity
declined. Pichot et al (1981) have shown that addition of wmineral
fertilizers alone with removal of crop residue can result in yield decline
with time. Addition of crop residue can delay this soil degradation. In
an experiment at 1SC additiom of crop residues has improved the yields but
the highest yleld was obtained with a combination of organic and inorganic
amendments (Table-7). Chemical properties measured after four years of
addition of crop residues showed that crop residues have dramatically
reduced the soil exchangeéble acidity. Crop residues are not. commonly
used for the maintenance of soil fertility in the $SSZ. The problem is not
one of stover quality, but rather its availability because the straw is
used as fuel, animal feed, and as housing and fencing material and little
is left to be returned to the soil. Research done in the sahel on crop
residue recycling has shown that crop residues and fertilizer have a
complementary role and thelr simultaneous use will allow better croﬁ
ylelds. Application of crop residues is an effective means to reduce soil

evaporatlon losses and improve soil organic matter status. This practice,
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if adopted, 1s equally important for sustained soil prpductivity in the
Sahel.
5. INTEGRATION OF COMPONENT RESEARCH FOR SUSTAINED AGRICULTURE ON AN
OPERATIONAL SCALE

From the results of research on various components of millet-based
production systems described above, sclentists at ISC have identified
components of research that showed promising results (ICRISAT, 1987).
these were : application of small quantities of P (13 kg ha‘l); use of
improved varieties of millet (ICMV 5, ITMV 8001) and cowpea (TVX 3236) at
higher densities than in the traditional system; ridging with first rain
and planting on ridges for better establishment and survival of millet; and

use of animal traction for ridging and weeding.

These individual components were systematically combined and tested
for four years from 1986 to 1989 in an integrated Operational Scale
Research (OPSCAR) at ISC. The millet/cowpea intercrop or pure millet was
rotated with pure cowpea to assess the residual effects of a legume on the

following millet crop.

In 1988, rvainfall was 700 mm and was well distributed. In 1989,
rainfall was 623 mm but a dryspell of 3 weeks occurred in July-—August. In
1988, the traditional system produced 0.23 t ha—l of millet grain and 0.91
t ha“l of stover. In ‘1989 these figures were 0.13 and 0.47 ¢t hu'l

respectively.

Yield advantages for millet grain and stover for different comnunents
of the production systems over the traditional system are presented in Fig,

8. From the point of sustainable agriculture, the effect of rotation was
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most striking in comparison to continuous cropping. 1In 1989, use ot P,
improved variety of millet and ridging with animal traction gave an 200%
advantage over the traditional systém. But the addition of a rotation

treatment with a pure crop of cowpea in the system boosted the yield

advantage to 400%.

The advantages of rotation does not appear to be solely from the
nitrogen fixation by the legume and its contribution to the following
cereal. There is evidence from other trials at ISC (see section 3.2) which
suggests that legumes help enhance solubility of soil phosphorus, and

_stabilize the pli and organic matter content of the soil. These data
demonstrate the value of rotating the cereal with a legume on the poor,
sandy solls and suggest that simple rotations such as these might provide

valuable strategies for sustaining agriculture in the SSZ.
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Table-1 : Major soil units and their
approximate extent in the Sudano-
Sahelian zone

Soil type Approximate Percent of
extent total area
(m ha)
Luvisols 42,3 31.7
Arenosols 32.2 24,2
Regosols 19.7 14.8
Vertisols 9.5 7.1
Lithosols 8.2 6.2
Fluvisols 6.5 4.8
Gleysols 3.2 2.4
Nitosols 2.9 2.1
Planosols 2.8 2.1
Cambisols 2.6 1.9
Other soils 3.6 2.7

Table-2 : Probabilities of growing season length
exceeding specified durations for variable
onset of rains for Niamey, Niger.

Date of Length of growing season (days) exceeding
onset of
rains

80 ' 100 120 140
24 May 100 99 71 15
2 June 100 91 40 3
12 June 98 71 15 0
22 June 91 40 3 0
2 July n 15 0 o




Table-3 : Means and ranges of selected physical and chemical properties of
soils in the Sudano-Sahelian zone

Parameter Range Mean
pu:u.o (2:1 water:soil) 5.2 - 8.2 6.3
In Kél 4.0 = 7.5 5.1
Clay (%) 0.7 - 11.7 3.6
Sand 71.3 -~ 99.0 87.3
Organic matter (%) 0.08 - 2,94 0.75
Total nitrogen (mg kg'l) 31 - 1800 266
Exchangeable bases (cmol kg— )
Ca 0.15 - 16.5 2.45
Mg 0.02 - 2.16 0.55
K 0.03 - 1.82 0.24
Na 0.02 - 0.09 0.04
-1 ) .
Exchangeable Al (cmol kg ) © 0.00 - 14.51 1.60
Effective cation exchange capacity 0,54 - 19.2 V 3.10
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fable-4 : Effect of pre-sowing cultivation and fertilization on plan
popultion (in percentage of number of hills survived at harvest)
and grain yield, ISC, Sadore, Niger, rainy seasons 1985 and 1986

X stand at harvest Grain yield.(Hg ha—l)

Treatment

FO Fl Mean FO Fl Mean
Plowing 68 87 78 0.254 0.681 0.467
Ridging . b4 80 62 0.180 0.649 0.414
Sandfighting 31 63 47 0.089 0.352 0.220
Zero-til 42 63 53 0.139 0.402 0.271
SE +3.3 $2.5 +0,040 +0.034
Mean 46 13 0.165 0.521
SE +1.5 +0.015

-1
a. FO = no fertilizers added; Fl = 17 kg ha of P fertilizer and 40 kg
-1
N ha . Split split plot replicated 4 times, subsub plot size 30 m ,

Average across 2 years and 3 cultivars




Table-5 : Effect of cowpea plant type on grain and fooder yilelds of
intercropped cowpea and pearl millet. ISC, Sadore, Niger, rainy

seasons 1985-86, 1988

1 1985
Plant

1986

1988

type

cultivar  Cowpea Cowpea Millet Cowpea Cowpea Millet Cowpea Cowpea Millet

grain fodder grain grain fodder grain grain fodder grain
Extra early determinate (60-65 days) :
1T82F 60 0.100 0.32 2,04 0.09 0.11 1,30 0.10 0.21 1.0l
[r82p 716 0.12 0.40 2,17 0.10 0.18 1.14 0.19 0.41 0.99
Early, spreading inderminate (70 days) :
TVX 3236 0.40 0.83 1.79 0.20 0.23 1.10 0.22 0.5 0.72
SUVLTA 2 0.62 1,34 1.55 0.43 0.50 1.13 0.26 0.61 0.77
Medium maturity, indeterminate (80 days):
TN88-63 0.42 1.06 1.60 0.18 0,46 1.23 0.30 0.58 0.54
58-57 0.60 1.30 1.56 0.38 1.77 1.17 0.41 0.91 0.77
Late maturity, indeterminate (120 days):
Sadore local - 1.97 0.63 0.03 1,31 0.68 0.17. 1l.16 0.68
Sole millet - - 2,24 - - 1.30 - - 1.20
(cv. CIVT)
SE +0.08 :p.bB +0.12 +0.06 +0.06 +0.21 40.03 +0.05 +0,0:

Source : Fussell et al, (1989)
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Table-6 : Results of second year of the long term soil fertility management
trials on fertilizers, lime, crop residue, secondary micronutrients
and manure on pearl millet grain yield, Sadore, Niger, Rainy
season, 1988

Treatments Grain yield
-1
(t ha )
Control 0.355
Single -Superphosphate 0.855
Triple Superphosphate 0.838
SSP + N + K + MgO + Zn0 1.077
SSP + N + K 1,071
SSP + N + K + lime every three years 1.130
SSP + N + Mg0 + Zn0 -1 1.097
Crop residue each year (2 tons ha ) -1 0.778
SSP + N + crop residue each year (2 tons ha 1.134
-1
Manure every three years (10 tons ha ) 1.035
SSP + N + K + MgO + ZnO + lime every three years 0.974
SSP + N + K + Mg0 + ZnO + lime each year + Manure every
three uears + lime every three years 1.283
SE (+) 0.109

cv (T) 29
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lable-7 : Effect of application of pearl millet crop residues over a 4-year
period (1983-86) on grain yield (kg ha ) of pearl millet, and soil
chemical properties measured at the end of the 1986 rainy season,
1SC, Sadore, Niger s

Graln Bray P pH (KC1 Organlc Total N Ca+Mg Al+H

Treatment yleld (mg P kg—l suspen— matter (mg kg"l(c;ol satura-
kg ha’l) soil) sion) (¢9) soil) I;gﬂl tion
Control 56 2.6 4.1 0.24 126 0.43 48
Crop residue 743 3.0 4.4 0.29 155 0.68 20
l';ertlllzers 816 7.1 4.1 0.25 151 0.44 43
Crop residue and
fertilizers 1532 8.1 4.4 0.33 171 0.72 16
SE (4) 66 0.46 0.04 0.01 8 0.34 3

cv (%) 12 18 2 10 10 11 19
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Figure 7. Effect of Phosphorus Sources and rates of
Application on Pearl -Millet Grain Yield, Sadore,
Niger, Rainy Season 1988.
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