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ABSTRACT

Adesina, Akinwumi Ayodeji, Ph.D., December 1988. Farmer Behavior and
New Agricultural Technologies in the Rainfed Agriculture of Southern
Niger: A Stochastic Programming Analysis. Major Professor: John H.
Sanders.

Agricultural production in Southern Niger is precarious and occurs
in a fragile environment characterized by enormous rainfall variability,
poor soil fertility, and large price and yield risks. Farmers have
developed strategies of coping with the risks of crop production in this
risky environment. Farmers make decisions sequentially throughout the
season in order to adapt to stochastic events. An understanding of how
farmer behavior affects choice of agricultural technologies is important
for technology development programs.

Th; specific objcbtivcs of this study are to svaluate sequential
decision making of smallholder farmers in southern Niger and to deter-
mine how this affects adoption of agricultural technologies. The study
determined:

(a) the farm-level impacts of new agricultural technologies under
five alternative rainfall scenarios. The technologies evaluated are
early maturing cultivars, and improved cultivars at higher planting den-
sity and moderate levels of chemical fertilization;

(b) the returns to labor under alternative technologies and

weather patterns;



(c¢) the impacts of a cereal price floor in good rainfall years
when farmers have more cereal to sell.

A discrete stochastic pro;ramming model was used to incorporate
risk and to capture farmers’' sequential decisions. The empirical model
was validated against observed farmer behavior.

The results showed that (a) farmers adopted early maturing cul-
tivars in low rainfall years but used late season cultivars in higher
rainfall years. By carrying a portfolio of cultivars, farmers were able
to respond to ensuing stochastic weather patterns.

(b) Adoption of the technologies increased household nutritional
positions, expected total farm incomes, and returns to labor. Total in-
come estimates show that with adoption of agricultural technologies
farmers can make between 42 and 57 percent higher than the rural wage
rate. Moreover, in absolute terms, agricultural incomes are low even
with agricultural technologies.

(c) The adoption of early maturing varieties reduced the
variability of 1ncomes:received by farmers.

(d) A cereal price floor of 50 CFA/kg. has no effect on choice of
agricultural technologies. Rather, it increases expected total returns
to agriculture.

(e) The initial liquidity position of the farmer influences adop-

tion of agricultural technologies.



CHAPTER 1

INTRODUCTION

1.1. Qverview

Understanding farmer behavior and how this affects farm-level deci-
sions on the adoption of agricultural technologies is of paramount
importance to the introduction of agricultural technologies to farmers
in West Africa. There is a strong lihkage between farmer goals, risk
attitudes and the allocation of resources to alternative agricultural
enterprises (Norman, et al., 1981). A principal obstacle to the suc-

- cessful introduction of agricultural technologies in the highly risky
production agriculture of Sub-Saharan Africa is inadequate understanding
of farmer behavior (Spgnccr. 1985).

One way to fill the gap between technology development and clien-
tele adoption is to examine the factors which determine farmers’
adoption of alternative cropping strategies. This understanding will
allow researchers involved in production of new agricultural tech-
nologies to know the potential farm-level constraints and technology
adjustments needed to ensure farm-level adoption.

While several studies have found African farmers are risk averse
(Low, 1972; Niang, 1980; Narayana and Shah, 1984; Adesina, et al., 1988;
Rodriguez and Anderson, 1988), empirical studies of how farmers express
this underlying risk aversion in farm-level decision making is very

limited. Balcet and Candler (1981) found that farmers in Northern



Nigeria respond to rainfall uncertainties in the rain-fed agricultural
system by making farm-level decisions sequentially as a function of the
evolving seasonal rainfall pattern. Farm plans are not made ex ante at
the beginning of the growing season. Rather, farmers’ choices of plant
varieties, planting densities and fertilization practices are changed
periodically during the crop season based upon expectations of rainfall
patterns. The resulting mixed cropping pattern prevalent in the farming
system is a result of such sequential adaptations of crop plans. Matlon
(1980: p. 11) observed similar farm planning strategies among peasant
farmers in Burkina Faso.

Other studies claim that decision adaptations to stochastic weather
factors within the crop season is a common phenomena across Sahelian
West Africa (see Norman, gt al., 1981). For the Southern Maradi Region
of Niger (our area of study) survey findings indicate a prevalence of
this management decision practice (Swinton, et gl., 1984; Unite Suivi
d'Evalua;ion, 1986).

These adaptations (referred to in the agro-climatology literature
as "weather responsive crop management tactics" or "response farming")
are farm management practices that agro-climatologists argue require
more analysis, especially with regard to adoption of new agricultural
technologies (Sivakumar, 1988; Stewart, 1985). Earlier studies in
Sahelian West Africa have not analyzed how this sequential decision-
making practice affects the adoption of agricultural technologies (see
Krause, et al., 1987; Adesina, et gl., 1988; Roth, 1986; Jaeger, 1984;
Niang, 1980; Richard, et al., 1976; Hopkins, 1975; Barmett, 1979;
Borliaud, et al., 1977). The objective of this study is to evaluate how

sequential decision making under conditions of uncertainty for small



holder farmers in the Maradi region of Niger affects adoption of im-

proved agricultural technologies.

1.2. Agricultural Technology and Farmer Adaptive Decisions

The observed farmer sequential decisions allows farmers to reduce
risk and to increase income. This strategy is especially relevant in
the introduction of improved cereal varieties to farmers. Rainfall in

Maradi Region is marked by substantial variability (see Figure 1.1.).

1960 1970 YEAR 1980 198¢C

Figure 1.1. Annual Rainfall Trend in Maradi, Niger, 1961-1985.



Apart from this annual rainfall variability, there are also sub-
stantial variations in rainfall within the season. This seasonal
variability is critical for crop production in this Sahelian area
(Glantz, 1986). Rainfall exceeds the potential evapotranspiration in
only two months of the year (July and August). Also due to the consis-
tent declines in rainfall in August (the main rainfall period) over the
years, the risks of late season drought have increased. Denett, ef al.
(1985) show that (in Niger as well as other locations in the Sahel)
since 1968, rains in August have been at least 10 percent below the
long-term average (see p. 357). The average growing season in Maradi

lasts for only 85 days.

1.2.1. Implications of Rainfall Patterns
for Cropping Decisions

Due to these climatic factors, the choice of appropriate varieties
(i1.e., late maturing or early maturing varieties of crops) to plant is
crucial for ensuring survival of the household. Farmers are currently
interested in short-season varieties due to the rigkiness of crop
production in low rainfall years. Farmers’ traditional and photo-period
sensitive varieties have long maturity dates relative to the length of
the growing season in Maradi region. Typically, and depending on the
variety, the maturity dates range from 110 days for millet, 129 days
for sorghum, 124 days for cowpeas, and 1lll days for peanuts (Unite Suivi
d’'Evaluation, 1986). These late maturing varieties have excellent
yields potenti#ls in good rainfall years with long growing seasons.

However, these late maturing varieties often perform dismally in poor



rainfall years with short growing seasons due to the late season mois-
ture stress. These impacts are magnified for cowpeas which are
traditionally planted 5-8 weeks after the millet and sorghum crops. In
many years cowpeas fail and only cowpea hay is obtained (see on-farm
trial results in Niger in Krause, et gl., 1987; Ly, et al., 1986).

The sequential decision-making process can be regarded as a varie-
tal portfolio decision (i.e., late maturing or early maturing varieties)
to adjust to seasonal variation 1n}rainfa11 in the replanting. Farmers
can exploit the long growing season in good rainfall years with higher
moisture levels by planting late maturing varieties. Also, they can
make optimum use of the low rainfall in the dry.bearl by planting early
maturing varieties (see Andrews, 1987; Sivakumar, 1988; Matlon, 1987;
ICRISAT, 1985 and 1986). Sometimes these cultivars may not be available
during the crop season so the farmers will need to make a portfolio mix
decision at the beginning of the season. Portfolio mix strategies have
been documented in Burkina Faso (Matlon, 1980; Vierich and Stoop, 1987)
where diffusion of otriy maturing millet and sorghum are occurring as a
response to the rainfall uncertainties in the growing season. It is
hypothesized in this study that farmers in the Maradi region of Niger
will adopt combinations of early and late season varieties as an adap-
tive response to alternative rainfall trends within the sgeason.

While varietal adoption can be important in increasing agricultural
productivity in the southern Maradi region, its long run benefits may
not be attained without complementary improvements in soil water manage-
ment and soil nutrient supply. By definition of the area as a semi-arid
zone (annual rainfall average is 540 mm) it is obvious that the

principal constraint to agricultural productivity is water availability.



Soil fertility is, however, the next limiting factor in production. The
predominantly sandy dune soils of the region are deficient in basic
plant nutrients (especially nitrogen and phosphorous), have poor water
retention capacity and low organic matter content. Improving soil fer-
tility via moderate levels of chemical fertilization coupled with some
vater retention technique is therefore critical to increasing agricul-
tural output (Andrews, 1986; Sanders, 1989; Matlon, 1987).

The importance of agronomic improvements is also evident if one
considers the fact that less than 2 percent of total cultivated area of
sorghum, millet and rice in the semi-arid region of West Africa is
planted in new varieties from improved genetic material (Spencer, 1985).
Therefore, improved varieties alone have not been very successful in
solving low productivity problems of these agricultural systems. Field
evidence in Burkina Faso (Roth, et gal., 1985; Sanders, et al., 1987;
Nagy, et al., 1988) show that significant yield improvements can be made
from improved agronomy practices. Also, a technology consisting of com-
bining improved varieties, higher planting densities and moderate levels
of chemical fertilization has been shown in on-farm trials to be
profitable in the traditional farming systems of the Maradi region of
Niger (Krause, et al., 1987; Ly, et al., 1986). This technology can
give high water use efficiency index (for similar technologies, see
ICRISAT, 1985, 1986) and is therefore equivalent on the sandy dune soils
to a water retention technique on soils with infiltration problems.

The impacts of these technologies (i.e., improved varieties and im-
proved agronomy) will be analyzed in this study. Painter (1987)
hypothesized that lack of profitable agricultural technologies has led

to an unprofitable return to agricultural labor investments and that



this may be one reason for continuing high out-migration from agricul-

ture and the lack of investment in new agricultural technologies. The

returns to labor may be so low even with new technologies that farmers

prefer to either leave agriculture or to invest in other less risky and

more remunerative activities. The impacts of these technologies on

returns to labor will be investigated in some detail.

1.3. Qbjectives of Study

The objectives of this thesis are:

€Y

(2)

(3)

(4)

to evaluate a behavioral model of small farmer decision-
making;

to evaluate the farm-level impacts of new agricultural tech-
nologies (under alternative weather patterns) on farm income,
farm output, consumption levels and marketing patterns of
small holder farmers in the Maradi region;

to determine the returns to labor time actually worked by
farmers under alternative weather patterns and technology
choices. This is to determine if farmers are better off in
agriculture than hiring out their labor in the rural labor
market in low rainfall years as has been suggested in the
literature; and

to determine the impacts of an output price floor for millet
and sorghum basic food crops on new technology introduction

and farmer incomes.



1.4. QOrganization of the Thesis

The rest of this thesis is organized into five chapters. Chapter
II discusses the socio-economic characteristics of farms in the region
of study. The issues discussed include principal soil types, principal
cropping systems, yields under current traditional technology, grain and
livestock price movements in different rainfall years, and the role of
livestock in consumption strategies. Characteristics of the repre-
sentative farm used in the study are also discussed based on surveys of
rural households in the study zone. Chapter 1II discusses the potential
agricultural technologies to be considered in the empirical analysis.
- Chapter IV discusses the various methodological approaches for analyzing
farm-level decisions under uncertainty and a justification for using
discrete stochastic programming. The empirical model is also presented.
Chapter V discusses the base model results, followed by a validation of
the results. In Chapter VI results under alternative agricultural tech-
nologies are presented. Also, an investigation of the impacts of
alternative price policies on new agricultural technology introduction
is conducted. Chapter VII summarizes major results and makes sugges-

tions for future studies.



CHAPTER II

AREA OF STUDY

In this chapter a discussion of the ecological and socio-economic
characteristics of the farmers in the region of study is presented. The
issues discussed include soil types and principal cropping systems on
the various soil types, yields under traditional farmer practices, live-
 stock holdings and the role of livestock in consumption strategies of
rural households in low rainfall years. The study draws from extensive
surveys of rural households in southern Niger.

The three major points in this chapter relevant for modeling in
later chapters are: (1) the villages are marked by variability in soil
types between villages and on the same farm. Farmers diversify cropping
patterns to adapt to these variations in soil types. (2) Livestock
sales play a major role in consumption strategies of farmers in low
rainfall years. (3) Farmers in this region face large variability in
yields and prices. This creates uncertainties in expected income and
therefore makes the consideration of risk important in the modeling of

farmer behavior.

2.1. Soil Types and Socio-Ecopomic Characteristics
~in the Villages

The southern Maradi region is located in south central Niger and

shares a common border with Nigeria. The village zone of this study is
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located in the Madarounfa grrondissement (French equivaient of a zone or
district) (see Figure 2.1). 1In this agrrondissement discussion will be
based on three representative villages: Maiguero, Rigial Oubandawaki,
and Kandamao. These three villages have distinct soil types which af-
fect the cropping patterns and cultural farming practices in each
village. Soils in Kandamao are heavy sandy-clay and the use of animal
traction for cultivation is very common because of the difficulty of
managing this soil. The villages of Rigial Oubandawaki and Maiguero,
respectively, are made up of predominantly sandy soils. These sandy
soils can be further divided into two types:

(1) sandy soils which have some silt content and are located in
the valley areas. This soil type has a higher soil fertility
than the predominantly sandy soils.

(2) aeolian sandy-dune soils formed from wind blown sands and
having very low water retention capacity and organic matter

~ content.
As a group, the sandy Qoilsl are the most widely cultivated partly due
to the ease of working these soils relative to the heavier sandy-clay

soil type. In the study village of Maiguero, sandy soils predominate.

1 This study will be investigating farm-level decisions in the village
of Maiguero. Since the villages with sandy soils are the most
common, the analysis for this village will be representative. The
crops grown in the village generally include some area of sorghum,
but the predominant crops are millet and cowpeas which tolerate the
wvater stress and low soil fertility better than sorghum. Data
availability is the principal reason for selecting this village site.
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Table 2.1. Mean Values for Six Socio-Economic Indicators in Compact
Soils and Sandy Soil Villages of Madarounfa, 1982.

Socio-Economic Compact Sandy
Characteristics Units Soil Soil t-Value
Population Density persons/ha. 3.8 3.5 0.44
Farm Size ha. 3.0 2.0 1.78%
Age of Settlement years 56 92 -1.10
Proportion of Hausas % 63 98 «3.82%%
Merchants number 5 19 -1.33

*** Significant at 1s.
* Significant at 10%.

Source: Swinton and Ly (1984), p. 7.

A categorization of the socio-economic indicators in representative
villages of Madarounfa is shown in Table 2.1. These values covered 33
villages composed of 7 villages with sandy-clay soils and 26 villages
with sandy soils. The estimates show that villages with the heavier
sandy-clay soils have larger farm sizes than villages with sandy soils.
The mean farm size in the compact soil villages is 3.0 ha. compared to.
2.0 ha. on the sandy soil villages. This may be due to the fact that
villages with the heavier soils are more recent settlements than the
sandy soil villages. Due to the difficulty of cultivating these heavier
soils, farmers have traditionally left them for fallow and for growing
pastures (Unite Suivi d’Evaluation, 1986). However, as the sandy soils

villages became increasingly more populated, the resulting land scarcity
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résulted in movements into these heavier soils. Also villages with
heavier soils use animal traction which further allows for cultivation
of more land area.

The livestock holdings in each of the villages categorized by soil
type is shown in Table 2.2. The compact soil villages have higher num-
bers of livestock compared to the sandy soil villages. While the mean
number of sheep and goats in the villages with heavy soils is 11.4, the
corresponding value for the sandy soil village is 5.9. Also the mean
number of cattle in the villages with heavy soils is 4.3 compared to 1.1

in the villages with sandy soils.

Table 2.2. Mean Number of Animals in Compact and Sandy Soil Villages of
Madarounfa, 1982.

Village Tvpe
Iype of Animal Compact Soil Sandy Soil  t-Value
Cattle 4.3 1.1 3.82%*
Sheep and goats - 11.4 5.9 4.64%%

** Significant at the 1% probability level.
Source: Swinton and Ly (1984), p. 9.

The socio-economic characteristics on the two types of sandy soils
present in the region of study (i.e., valley sandy silt and sandy dune
soils) are shown in Table 2.3. The valley soils are more populated than
the upland soils. The population density is 5.0 persons/ha. on the vil-

lages with sandy-silt soils of the valley compared to 3.2 persons/ha.
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Table 2.3. Mean Values of Six Socio-Economic Characteristics in Sandy
Soil Villages: Valley Villages and Upland Villages.

Valley Upland
Characteristic Unit Villages Villages t-Values
Population Density persons/ha. 5.0 3.2 3.76%%%
Farm Size ha. 1.6 2.4 <2.63%*
Age of Settlement years 117 75 1.38
Merchants number 32 10 2,13%%

*%* Significant at 1s.
** Significant at 5%.
- Source: Swinton and Ly (1984).

for the upland sandy-dune soils. Due to this higher population density,
the farm size on the valley villages are much smaller than the upland
villages. Increasing:population in the valley villages has been forcing
farmers to bring more of the upland soils of low soil fertility into
cultivation (Ferguson 1979; Sutter, 1979). Bringing this marginal land
area into cultivation that is traditionally considered too risky for
agriculture (and normally used by pastoralists for pastures) has often
led to competition between pastoralists and farmers2 (Curry, 1984:202;
Gregoire and Raynaut, 1980:10,105 - cited in Painter, 1987). The result
of this has been increasing soil degradation, soil fertility loss and

low crop yields.

2 For a discussion of the breakdown of communal grazing rights in
Burkina Faso, see Sanders, et al. (1987: p. 27).
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2.2. Representative Farm's Socio-Economic Characteristics

Based upon these village survey estimates, the characteristics of
the representative farm to be used in the development of the farm model
are discussed below. Average household size of the representative farm
used in this study consists of 3.0 members while the population actively
involved in agriculture (i.e., actifs) is 2.4 (Swinton, 1985; Issa, et
al., 1987). Labor for agricultural operations is supplied entirely by
the household labor force with no labor hiring. The average farm size
ranges from 2.0 to 4.0 hectares in the study zone. The representative
farm has up to 3.5 hectares of land for cultivation. The land type is
~ sandy soils on which millet and cowpeas are mostly cultivated.

The household has an initial stock of cash of 7000 CFA which can be
used to buy seeds, fertilizer, and farm implements. Also, the household
is endowed with six ruminants, consisting of three rams and three goats
(based on Swinton and Ly, 1984, p. 9). Subsistence cereal requirements
for the household consist of millet and sorghum. Per capita nutritional
requireménts are set at 266 kg./capital, an estimate comparable to 250
kg./capita recommended by the Government of Niger (Appendix Table A.1).
These cereal requirements can be met by either domestic production or

through grain purchases on the market (discussed in later sections).

2.3. Cropping Systems
The primary factors determining the crop patterns in the village of

study are low and irregular rainfall and variations in soil fertility.
The predominant crop is millet (pennisetum typhoides). This crop is
well adapted to low soil fertility and low rainfall. The next most im-

portant cereal is sorghum (gorghum bicolor). This crop grows better
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under higher rainfall and better soil fertility conditions than miii;t
can tolerate. Millet is therefore more common on the sandy soils which
have lower water content and soil fertility. Sorghum is grown in scat-
tered areas on the farm where heavier, clay soils exist, in water
recession spots with silt accumulations, and under the legume trees.

The leaf droppings from the trees lead to higher amounts of organic mat-
ter accumulation, which increases soil fertility and therefore allows
for more sorghum cultivation. These two crops form the major subsis-
tence crops and are eaten in various preparations. The major legumes in
the cropping system are cowpeas (yigna unguiculats) and peanuts

- (arahides hypoges). Peanuts have higher soil fertility requirements
than cowpeas. These crops are generally planted in association with
millet and sorghum. The predominant types of intercrops are millet-
cowpeas, millet-sorghum-cowpeas, millet-sorghum-peanuts, and sorghum-
cowpeas-peanuts.

In a farming system characterized by low moisture availability and
erratic weather patterris, the use of intercropping appears to be a
diversification strategy for stabilizing income (Abalu, 1976) because of
its ability to reduce the variance of output and/or net income (Lynam,
et al., 1982, p. 253). Also, intercropping may allow for better use of
resources through "interaction effects of more efficiently utilizing
available light, water and nutrients or by insulation of multiple crops
from the spread of crop specific pathogens or insects" (Lynam, et al.,
1982, p. 254).

Survey estimates (Swinton and Ly, 1984) show that farmers match
their cropping patterns to soil types, millet being more widely cul-

tivated on the sandy soils while sorghum is more widely cultivated on
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the compact heavier soils and under legume trees. Similar separation of
crops by soil types is found in other parts of the Sahel (Vierich and
Stoop, 1987; Matlon, 1980). In the cereal-legume intercropping prac-
ticed in each soil type, cowpeas have now replaced peanuts as the
principal cash crop. This shift away from peanuts is associated with
the low rainfall patterns of recent years and the insect and disease
problems in the late 1970's. Also, economic factors have not favored
peanuts as cereal prices relative to peanuts have increased (Elliot Berg
Assoclates, et al., 1983).

Although an important cropping practice in many years, intercrop-
ping use appears to be less in poor rainfall years. In the drought
years, sole crops become more important (see Table 2.4). The occurrence
of late rains forces farmers to plant and replant the principal cereal
(millet) and further delay intercropping. In some years, farmers may
not be able to plant additional crops (as desired) later in the season
due to moisture stress. Village level evidence indicates this happened
in the drought of 1984.1nd the low rainfall year of 1985. The fre-
quency of millet sole crop increased from 17 percent in 1984 to 39
percent in 1985. Also, one notices a substantial decline in the area
devoted to intercrop systems. The frequency of this intercrop declined
from 74 percent in 1984 to 47 percent in 1985. Since 1984 was a dis-
aster year, farmers apparently expected the poor rainfall to continue
and therefore changed cropping patterns to include more sole crop mil-
let. The performance of the model in capturing the system changes in
low rainfall and drought years will be investigated in Chapters V and

VI.
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Table 2.4. Percentage Frequency of Cropping Systems Observed in Three
Villages of Madarounfa in 1984 and 1985 Crop Seasons.

Crop Season
Cxop Systems 1984 1985
Millet 16.5 39.0
Sorghum .8 4.9
Total 22.3 43.9
Crop Mixtures 73.6 46.9
Fallow land 4.1 9.2

Source: Swinton (1987).

2.4. Crop Yields Under Currxent Farmer Practices
Crop yields under traditional technology are low due to very little

use of modern inputs and the poor rainfall levels which often cause crop
failure. An idea of yield distribution in three villages in our area of
study can be obtained from Table 2.5.

These yield estimates show that:

(1) Crop yields are extremely low under traditional farmer tech-
nology with the drought year of 1984 and also low with the
poor rainfall year of 1985. Therefore it is important to look
at alternative technologies that farmers can adopt to increase
crop ylelds.

(2) Due to both yearly and within-year variability in rainfall
patterns, yields are also unstable. Farmers suffer crop
failure in very low rainfall years due to drought. In years

with higher rainfall, poor distribution of rains can also
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Table 2.5. Mean Grain Yield (kg/ha.) from Different Crop Systems in
V111a§7s of Madarounfa in the Low Rainfall Years of 1984 and

1985.

Crop Systems 1984 1985
Millet, Sole Crop 140 325
Millet-Sorghum 81 299
Millet-Cowpeas 146 385
Millet-Sorghum-Cowpeas 158 439

Total System 140 339
Sorghum, Sole Crop 69 268
Millet-Sorghum 12 75
Millet-Sorghum-Cowpeas 10 42

Total System 14 78

2/
Millet-Cowpeas 13 3
Millet-Sorghum-Cowpeas 1z i
Total System 16 2

Source: Swinton (1987).

1/ These estimates are averages for three village: Kandamao, Maiguero,
and Rigial Oubandawaki.

2/ The lower yields in 1985 (a relatively higher rainfall year) compared
to 1984 may be due to the fact that rains stopped abruptly in mid-
September in 1985. Therefore, cowpeas, which are usually planted
late, were drastically affected. This clearly shows that annual

rainfall alone is not the critical factor affecting production but
also the within-season rainfall distribution.

reduce crop ylelds substantially. Therefore it is important to not only
consider yearly rainfall variability but also how rainfall patterns
evolve within the season (Denett, Elston and Rogers, 1985, p. 359;

Glantz, 1986; Kandel, 1984).



20

The long-term aggregate production patterns in Niger show that the
principal strategy farmers are using to produce food crops is by exten-
sification of land area (Figure 2.3). From 1960 to 1983 acreages
cultivated show a strong upward trend. Millet acreage in Niger was ex-
panded from 1.6 million hectares in 1960 to 3.1 million hectares in
1983. Sorghum cultivated area increased from 440 thousand hectares in
1960 to 1.1 million hectares in 1983. Cowpea cultivated area grew from
375 thousand hectares in 1960 to 1.5 million hectares in 1983. As cul-
tivated area expanded, farmers reduced the practice of fallowing
(Sutter, 1979; Ferguson, 1979) which traditionally has been used to re-
store soil fertility. Access to land of good quality3conc1nues to
decline (Painter, 1987, p. 6), leading to substantial downward spiral in
yieldsa of the major cultivated crops (Figure 2.2). Also, ylelds are
highly variable from year to year. To prevent this downward trend in
yields, new agricultural technologies are needed. Technologies which
are land intensive (as opposed to land extensive) and which address the
soil fertility deplocién problem are important to boost farm-level
yields. Some technologies which have been developed and are currently
being extended to farmers will be discussed in Chapter III and evaluated

in Chapters V and VI.

3 The depletion of vegetation cover on a continuous basis leads to
exposure of the bare sandy soils to the very high temperatures and
the action of wind and water erosion. These combined effects lead to
g8oil degradation, loss of soil fertility and a decline in crop yields
under traditional farmer practices.

4 It is important to note that these official aggregate yield estimates
are often overstated by the government (Painter, 1987, p. 4; Norman,
et al., 1981). Actual yields on farmers’ fields are substantially
lower than reported in official statistics.
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Farmers'’ strategies of coping with the high risks of crop produc-

tion in this farming system is the subject of the next section.

2.5 Faxmexs' Risk Management Strategy in Low Rainfall Years

Meeting the nutritional needs of the household is the crucial
responsibility faced by household heads. In good rainfall years when
there are good cereal harvests this is generally not a serious problem.
The problem arises in the low rainfall years when cereal harvests are
poor or when crops fail. Unable to meet food requirements in such
years, farmers are driven into the market to buy grains. Village level
. evidence of farmer purchases in 1984 to 1985 reinforce this point.

As was shown in the above section, farmers in our region of study
suffered substantial losses of crops in the 1984 to 1985 period. 1In
three representative villages of Madarounfa, farmers sold less than &4
percent of their output and had to buy substantial amounts of grains
(see Swinton and Mammane, 1986). The principal problem farmers
generally face is how to generate the cash for buying the needed grains
(Painter, 1987:10). The main strategy farmers use is to sell off live-
stock in large numbers (Sutter, 1979:55; Swinton, 1988) and to use the
resulting cash for buying grains. In all villages there was large sales
of livestock (Table 2.6). Immediately following sales of livestock,
most of the farmers bought grains (Table 2.7). The role of livestock in
the full household adjustment patterns in low rainfall years is very im-
portant. These farmer adjustments have not been considered in previous
studies (Roth, 1986; Jaeger, 1982; Krause, et gl., 1987). The observa-

tions in our village of study point out that it is important to study
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Table 2.7. Percentages of Farmers in Three Villages of Madarounfa Who
Bought Grains on the Market After Selling Livestock in the
1984/1985 Crop Season.

Sheep and/or

¥illage Cattle -Coats
Rigial Oubandawaki 53 58
Maiguero NA v 66
Kandamao 82 54

v Not available.

Source: Swinton and Mammane (1986). Lesg Exploitation Agricoles Dans
Irols Villages de Madarounfa Face a la Sexrcheresse de 1984

Document No. 15 Departement de Recherches en Economie Rurai.
Institute National de Recherches Agronomique du Niger.

farmer behavior not under one state of nature (usually a normal
year)s, but under alternative rainfall patterns.
2.6. Emmd..ﬁnhﬂnn:mm:mim.u
—in Output Market
Since many farmers dispose of their livestock in poor rainfall
years, large declines in livestock prices usually result. The prices of
livestock in 1983-85 are shown in Table 2.8. It can be seen that live-

stock prices fell to their lowest levels in the 1984 drought year.

5 Matlon (1984) observed that due to rainfall uncertainties in West
Africa semi-arid tropics production, marketing and consumption
patterns of farmers cannot be based on expectations of an average
climatic situation.
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Table 2.8. Average Livestock Prices (CFA) in Maradi Region from 1983-

1986.
Animal Type 1983 1984 1985 1986
Goats 6950 4175 8721 8062
Sheep 21475 18800 25838 17438
Cow (Heifer) 56625 37000 46688 56625

Note: Prices are averages from September to December.
Source: Ministere de Resources Animales/Hydraulique, Direction des

Etudes et Programmation. Data obtained through courtesy of
ICRISAT Sahelian Centre, Niamey, Niger.

Unlike livestock, grain prices were extremely high in low rainfall
years but collapsed in good rainfall years. The post-harvest grain
market price structure (1983-1987) in the area of study is shown in
Table 2.9. Millet prices rose from 89 CFA/kg. in 1983 to 160 CFA/kg. in
1984. Sorghum prices rose from 79 CFA/kg. in 1983 to 144 CFA/kg. in
1984. Cowpeas prices also increased from 200 CFA/kg. in 1983 to 234
CFA/kg. in 1984. With the occurrence of good rains in 1986, grain
prices declined substantially. Millet prices declined from 160 CFA/kg.
in 1984 to 35 CFA/kg. in 1986, a drop of 357 percent! Sorghum prices
declined from 144 CFA/kg. in 1984 to 35 CFA kg. in 1986, a drop of 311
percent! Cowpeas prices declined from 234 CFA/kg. in 1984 to 132
CFA/kg. in 1986, a drop of 77 percent. Prices had not yet recovered
their 1983 levels.
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Table 2.9. Average Post-Harvest Grain Prices (CFA/kg.) in Maradi
Region, 1983-1987.

Crop
Year Cowpeas ___ Millet __ Sorghum Maize Rice
1983 200 89 79 93 221
1984 234 160 144 138 218
1985%* 129 59 67 73 198
1986% 132 35 35 74 225
1987%*x* 133 50 50 NA NA

* This was the price in nearby Zinder market and is used here as a
proxy.
%% Maradi price averages from September-December 1985.
*%% Maradi price averages from August 1987-January 1988.
NA not available.

Source: Prices are unpublished data obtained from the University of
Michigan Project (ASDG Project) in Niger.

Although the government sets minimum cereal price floors at 70
CFA/kg., the pricing policy is not effective in good rainfall years.
The official narketinglagencies for millet and sorghum (OPVN) and cow-
peas (SONARA) are unable to hold prices up due to their poor financial
positions, and lack of sufficient warehouses and transportation
facilities (see Elliot Berg Associates, et al., 1983). The uncer-
tainties in prices'and income due to these wide swings in produce prices
may present problems to adoption of agricultural technologies requiring
purchase of cash inputs. Also considering such uncertainties is impor-
tant in modeling farmer responses'(Adesina and Brorsen, 1987). 1In the
empirical model we will also consider these price variabilities and the

impacts of alternative price policies in good rainfall years.
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2.7. Conclusjions

This chapter reviewed the socio-economic and ecological factors af-

fecting farm production in the area of study. Four points are important

to draw from this analysis, especially as it relates to new technology

choices and modeling of farm-level decisions:

(1)

(2)

3)

(4)

The villages are marked by variability in soil types between
villages and on the same farm. Farmers diversify cropping
patterns to adapt to these variations in soil types. The vil-
lage of study (Maiguero) is representative of farms in this
region both in cropping patterns and soil type.

Livestock sales play a major role in consumption strategies of
farmers in low rainfall years.

Farmers in this region face large variability in yields and
prices of marketed output. This creates uncertainties in ex-

pected income and therefore makes the consideration of risk

- important in the modeling of farmer behavior. Farmers also

have adaptivg responses to the stochastic nature of their en-
vironment and these responses need to be included in the
modeling.

Land extensification is the primary strategy used by farmers
to produce the major food crops. This extensive agricultural
practice has led to soil fertility deterioration, wind and
water erosion and soil degradation. Yields under traditional
technology are low and are on a persistent downward trend as
fallowing practices are reduced in order to expand cultivated
area. Agricultural technologies are needed to prevent the

yield declines. Especially important are yield increasing
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technologies (i.e., land intensive technologies) which will
boost farm-level production. Measures are needed to address
the soil fertility depletion on farmers’ fields. Yield in-
creasing technologies which have been developed in Niger will
be discussed in the next chapter and analyzed in Chapters V

and VI.



29

CHAPTER III

AGRICULTURAL TECHNOLOGIES

In this chapter the discussion of the technologies evaluated with
the empirical model is presented. These technologies include (a) early
maturing varieties of millet and cowpeas developed at research stations
and currently being recommended for farmers. These varieties are the
CIVT millet variety and TN 5-78 cowpea variety. Both options of cul-
tivating these varieties as sole crops or as intercrops will be
evaluated. (b) An improved agronomy technical package (tested in three
years of on-farm trials by INRAN) consists of early maturing varieties
of millet and cowpeas, planted at high planting densities and with
chemical fertilizer (50 kg./ha. urea and 50 kg./ha. of simple super-
phosphate). These technologies will be compared with traditional
farming practices. The approach taken in this thesis is to evaluate
performance of these technologies for various weather scenarios.
Research stations need this sort of information to evaluate the poten-

tial of these new agricultural technologies.

3.1. Improved Millet and Cowpea Varjeties

Due to the fact that millet and cowpeas are the most important in-
tercrops in southern Niger, the principal thrust of agronomic research

at the national agricultural research center (INRAN) has been directed
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to these crops1 (see INRAN, 1984; Reddy and Gonda, 1984; Ly, et al.,
1985). Principal developments of experiment station2 breeding programs
have been improved millet and cowpea varieties. Notable among these are
CIVI-millet, P3 Kolo-millet, and 3/4 HK-millet, TN-5-78-cowpeas, and TN-
27-80-cowpeas. These varieties have been tested in experiment station
and on-farm trials and are currently being recommended to farmers (see
Reddy, 1988, for agronomic recommendations for millet and cowpea crop-
ping systems in different rainfall zones of Niger). In southern Maradi,
the varieties mostly recommended are CIVI-millet and TN-5-78-cowpeas in
sole crops or as intercrops.

These early maturing varieties can play a critical role in allowing
farmers flexibility in cropping decisions. The local varieties planted
by farmers have late maturity dates and yield poorly in low rainfall
years with short growing seasons. Cowpeas are the most affected in such
low rainfall years because they are planted (late) after the millet crop
has been established. While this farmer practice allows for optimum use
of available soil moisture in good rainfall years, it leads to poor
yields and often crop failure for cowpeas in low rainfall years. Unite
Suivi d’Evaluation (1986: p. 22) suggests that farmers should adopt
these early maturing varieties since the utilization of late maturing
varieties when the rains stop abruptly in mid-September often results in

crop failure. While the early maturing cultivars have these advantages

1. For detailed discussion of various technologies which INRAN has
examined, see Reddy (1988).

2. The ICRISAT West African program has also developed various millet
and cowpea cultivars. The three major cowpea cultivars are: IT 83S-
844 (an extra-early variety), IT 82D-716 (an early erect variety) and
TVX 3236 (an early semi-erect variety).
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in low rainfall years, it is important to also note that they have other
disadvantages. Early flowering millet varieties are more susceptible to
head worm (Rhaguva aglbipunctella) attack, grain mold (Andrews, 1987, p.
17), and insect pests such as the scarabid beetle (Rhinyptia Infuscata)
(see ICRISAT West African Programs, 1987, p. 5). Also, these varieties
do not yield as well as long-season cultivars in good rainfall years.
Farmers’s use of long-season cultivars generaliy.allows them to effec-
tively use water, nutrients as well as capitalize on advantages of
intercropping (Andrews and Kassam, 1976 - cited in Andrews, 1986, p. 5).
- This study will evaluate the potential adoption patterns and farm-
level impacts of these improved varieties with and without chemical
fertilization. Farmers’ adoption of alternative varietal choices under
different weather patterns will be investigated. The results obtained
in three years (1985-1987) from the performance of these improved
varieties on farmers’ fields in Maiguero Village are presented in Table
3.1. These results are presented for three alternative cropping systems
without application of:chamical fertilizer. These cropping systems are:

(a) Cropping Svstem 1 (traditional farmer practice) - Cultivation
of local varieties of millet and cowpeas under farmers’ traditional
planting densities;

(b) Cropping System 2 - cultivation of improved varieties of mil-
let (CIVT) and cowpeas (TN-5-78) planted at farmers’ traditional
planting densities; and

(c) Cropping System 3 - cultivation of improved varieties of mil-
let (CIVT) and cowpeas (TN-5-78) planted at higher densities than farmer

practice.
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Table 3.1. Yields of Millet and Cowpeas under Three Alternative
Cropping Systems: Results from Trials in Farmers’ Fields
from 1985 to 1987 Crop Seasons, Maiguero Village.

Crop Yield (kg./ha.)

Millet Cowpea Grain Cowpea Hay
) V4
1985 284 ] 778
1986 279 67 n.a.
1987 154 4 94
2/
1985 358 0 787
1986 310 84 n.a.
1987 180 12 48
3/
1985 309 0 1069
1986 238 150 n.a.
1987 146 40 83

L/ Cropping system 1: Traditional farmer practice - local varieties of
millet and cowpeas planted at traditional planting densities.

2/ Cropping system 2: Improved varieties of millet (CIVT) and cowpeas
(TN-5-78) planted at farmers’ traditional planting densities.

3/ Cropping system 3: Improved varieties of millet (CIVT) and cowpeas
(TN-5-78) planted at higher plant densities recommended by experiment
station.

Source: (a) 1985 and 1986 data were taken from Krause, et al., (1987),
"Labor Management Effects on the Relative Profitability of
Alternative Millet-Cowpeas Intercrop Systems in Niger,"
Paper presented at Farming Systems Symposium, Arkansas,
USA.
(b) 1987 data obtained from INRAN/DECOR data set (Courtesy of
M. Krause).
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Three points are important to note from these results:

(1) Yields are generally low regardless of choice of technologies.
Across the three cropping systems, the maximum millet yield obtained was
358 kg./ha. The maximum cowpea grain yield was 150 kg./ha.

(2) By shifting from traditional technology to cropping system 2
(1.e., changing to improved varieties) the farmer gained a yield in-
crease of 26 percent in 1985, 11 percent in 1986 and 17 percent in 1987.
However, these increases are variable and are not substantial (averaging
18 percent over the three years of trials).

(3) In 1986 (a very good year) the millet yield from the tradi-
tional technology was comparable to cropping system 2, and substantially
better than cropping system 3. Therefore, local varieties show excel-
lent potentials in the good rainfall year.

(4) Relative to traditional farmer practice, the two alternative
cropping systems gave higher cowpea grain ylelds in the 1986 and 1987
seasons when cowpea grains were harvested.

(S)Y The variability in the yield of cowpea is higher than that of
millet.

(6) Cropping system 3 gave lower millet yields in two of the three
years than the other two alternative systems. Since millet is the most
important crop, it is evident that this technology does not meet the

profitability criteria.3

3. This cropping option will therefore not be considered in the
modeling. It is, however, important to consider cropping system 1
since it is the current farmer practice. The poor performance of
the cropping system with higher planting densities (i.e., cropping
system 3) is due to the fact that increasing densities (in absence
of fertilization) mines the available nutrients in the soil and also
creates increased competition for water resources.
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In the empirical modeling, the traditional technology and the im-
proved varieties will be evaluated to determine the farm-level impacts
of each alternative on consumption, grain marketing and cash income of

farmers.

3.2. Sole Cropping and Intexcropping of Millet and
Cowpea Systems

The possibility of planting millet and cowpea sole crops is another
option open to farmers. In low rainfall years, experiment stations are
recommending that farmers should plant sole crops of cowpeas. Reddy
(1988, p. 10) recommends that when the rainy season length is 60 days or
lessa, farmers should "cultivate short season [early maturing] cowpeas
in sole crops, or in association with millet" (p. 10). Especially when
rains do not arrive until mid-July (i.e., in marginal zones), planting
early maturing varieties of cowpeas in sole stands is recommended
(Reddy, 1988, p. 13). The potential for sole cropping has also been
denonstfated in trials at the ICRISAT Sahelian Center (see Table 3.2).
Results from ICRISAT trials show that:

(1) 1If millet and cowpeas are planted together simultaneously, it
leads to a fall in the yield of millet and an increase in the yield of
cowpeas. Early planting of the cowpea in the intercrop allows the cow-
pea crop to escape mid or late season drought but also leads to
competition (for nutrients and water) with the millet early in the

season.

4. Normal rainy season length is 85 days in Maradi.
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(2) Progressively delaying the time when the cowpeas are inter-
cropped into the millet (a practice similar to farmers' sequential
cropping decision-making) allows for better millet yields. In fact, the
longer into the season the farmer delays interplanting the cowpea into
the millet plot the higher is the yield of millet. However, this leads
to substantial declines in cowpea yield.

(3) Sole crops of millet and cowpeas had higher yields than inter-
cropped millet and cowpeas.

In the empirical modeling, the options of planting sole cropped
cowpeas in the cropping system (using either local or early maturing
varieties) will be evaluated. For example, in low rainfall years,
farmers may still be able to delay cowpea planting until the second
stage in the season (i.e., July-August) without sacrificing much on

cowpea yields, if early maturing varieties are planted in sole crops.

3.3. Improved Agronomy Technical Package

As an attempt to }esolve the low soil fertility problem on farmers'’
fields, the National Agricultural Research Centre of Niger began a
series of on-farm trials in 1985 to evaluate the on-farm performance of
an improved agronomy technical package. The package consists of the use
of improved (early maturing varieties) of millet and cowpeas, increasing
planting densities above traditional farmer densities and combining
these with the application of chemical fertilizer. This technology was

tested in three different agro-ecological zones of Nigers from 1985 to

5. Testing was carried out in Libore, Kouka (in the Niamey zone), and
Kandamao, Rigial Oubandawaki and Maiquero (in southern Maradi zone).
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1987. The results obtained on farmers’ plots are given in Table 3.3,
These particular values are for the village of study, Maiguero. The
results show that:

(1) 1In every year, the improved agronomy package yielded much more
millet than current traditional practices. The impact was more
pronounced in the excellent rainfall year of 1986 when yields of millet
obtained were 627 kg./ha. for the improved agronomy technical package

compared to 279 kg./ha. for traditional farmer practices.

Table 3.3. On-Farm Trials Yields (kg./ha.) Obtained in the Village of.
Maiguero under Improved Agronomy Technical Package and
Traditional Technology during 1985-1987 Crop Seasons.

Crops
Millet Cowpea Hay Cowpeg Grain

1985

Traditional 284 278 0

Recommended 590 1387 N.A.
1986 B

Traditional 279 N.A. 67

Recommended 627 N.A. 245
1987

Traditional 154 94 4

Recommended 323 80 31

* Traditional technology represents current farmer practices and con-
sists of the use of late maturing varieties and traditional planting
densities. The recommended practice consists of the use of early
maturing varieties planted at higher planting densities than tradi-
tional farmer practice, and with application of chemical fertilizer
(i.e., 50 kg./ha. of urea and 50 kg. of simple super-phosphate/ha.).

Sources: Ly, et al., 1985; Krause, et al., 1987; and Departement de
Recherches en Economie Rural, Institute National de la
Recherche Agronomique du Niger.
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(2) The yield of cowpea grain was also much higher for the im-
proved agronomy package relative to current farmer practices.

(3) Although cowpea crop failure was experienced in 1987 (as well
as in 1985), the cowpea grain yields from the improved agronomy package
was 87 percent higher than output from using traditional practices.

(4) The yield of cowpeas is more variable than that for millet.
Millet, as mentioned earlier, has a higher drought tolerance.

The farm-level impacts of these technologies will be investigated
in this study under different weather scenarios. Combining the on-farm
trial results with the extensive cropping systems yield estimates for
1984 and 1985 in Swinton (1987), and survey data on crop system yields
in Unite Suivi d’'Evaluation (1986, p. 39), the yield distributions for
alternative crop systems are der:lved6 and shown in Tables 3.4 through

3.6.

6. For details, see Appendix C.
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CHAPTER IV

METHODOLOGY AND EMPIRICAL MODEL

In this chapter a discrete stochastic program (DSP) is developed to
analyze farmer decision-making. It is then compared with farmers'’
decision-making in the region. A discussion of the generalized form of

the DSP model concludes the chapter.

4.2. QObserved Farmer Decision-Making and Implication
for Choice of Methodology

Farm management decision making in rainfed agriculture is charac-
terized by uncertainties. Decisions have to be made at a time when the
outcomevbf such decisions are not known with certainty. Between the
time span when decisions are made and when their outcomes become known,
exogenously determined random events outside the control of the farmer
interact to alter the expected outcomes of initial decisions. Such un-
certainties may relate to rainfall, temperature, diseases and pests,
prices, resource availabilities, yields and the economic policy environ-
ment (Dillon, 1986; Rae, 1971a, 1971b). However, farmers make decisions
every day through multiple stages in order to adjust planning decisions
in response to these stochastic factors.

In southern Maradi the intercropping practice of farmers clearly
reflects the ability of farmers to selectively alter cropping patterns

within the season. Such adaptive crop choices have been referred to as
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"a risk reduction strategy" (Balcet and Candler, 1981). A diagranmzzlc
representation of how farmers in southern Maradi make cropping decisions
is presented in Figure 4.1. The planning horizon of farmers is divided
into three stages: Stage 1 (May-June), Stage 2 (July-September) and
vStage 3 (October-March). At the start of the season in Stage 1, farmers
wait for the arrival of rains before planting activities begin. Rains
in this stage can arrive early ("early rains”) or late ("late rains")
relative to the mean date of onset of rain in the area. If rains start
early, farmers can generally except a long growing season, while late
rains generally lead to a short growing season. In the Maradi region,
if rains start 20 days earlier than the average onset, farmers have a 95
percent chance of a growing season above 75 days.lA However, 1f rains
start late (suppose 20 days late), farmers only have a 17 percent chance
of a normal growing season length (see Sivakumar, 1988, p. 301).
Clearly then, the onset of rains has significant implications for
farmers’ crop management tactics. In the model formulation, farmers
decide in Stage 1 (see:Figure 4.1): (a) whether to use short-gseason or
long-season varieties of millet and sorghum. This decision is very im-
portant for the success of the farm plan. Sivakumar (1988) indicated
that "delayed rains signal the need for early action since traditional
and improved cultivars of median season length are likely to have poor
yields® (p. 304); or (b) whether to plant millet and sorghum in sole

stands or to intercrop them.

1 The average length of the growing season in Maradi is 85 days.



STAGE 1 PLANT MILLET
(MAY - JUNE) AND SORGHUM
BASIC FOOD CROPS
PERFORM
REPLANTING
< AS NEEDED
\ 4
MAKE SUBJECTIVE
ESTIMATES OF RAINFALL
PATTERNS IN STAGE 2
STAGE 2
(JULY- SEPT)
1. PERTILISATION DECISION.
2 SELECT VARIETAL PORTROLIO OF COWPEAS
3. DETERMINE TO PLANT COWPEAS AS SOLE OR
INTERCROP INTO STAGE 1 PLAN
STAGE3
(OCT - MAR)
CHECK FINAL OUTCOMES UNDER
ALL JOINT EVENTS AND DECISIONS
FROM PRIOR STAGES
SELL BUY SELL
GRAINS GRAINS LIVESTOCK

Figure 4.1. A Schematic Diagram of Decisions on a Typical Farm
in Southern Maradi, Niger.

&4
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Between Stage 1 and the start of Stage 2, the farmer would have
been able to observe the outcomes of rainfa}l events since he made the
initial cereal planting decisions. Based on the cereal stand estab-
lishment and his expectations of future rainfall patterns, farmers then
make the following Stage 2 decisions:

a. Whether to continue with the cereal plan selected in Stage 1,
without the addition of cowpeas in Stage 2. The decision
whether to plant sole crops of cowpeas is also taken.

b. Whether to interplant the cereal plots carried in from Stage 1
with an additional crop of cowpeas in Stage 2.

c. If the decision is taken to plant the additional crop of cow-
peas, which varieties (i.e., short season or long season)
should be selected. For example, when rains start late in
Stage 1, the resulting short growing season does not allow for
the late maturing cowpeas variety to complete the crop cycle.
Therefore, the choice of cowpea variety to cultivate is very
important. '

d. Farmers also decide if they wish to apply chemical fertilizer
or not. This decision is generally taken in this stage because
rainfall reaches its peak in this stage (in August) and hence
the risk of inadequate precipitation is lowest. Application of
Urea fertilizer in the absence of an assured water supply can
lead to yield loss and this delayed fertilization practice of
farmers is a risk adaptation strategy (Unite Suivi

d’Evaluation, 1986).
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At the beginning of Stage 3, farmers will already know the outcomes
of all the crop management decisions taken in the year. Risk management
decisions are taken in this stage to respond to the resulting crop out-
put in view of the family’s consumption and cash objectives. The
choices taken in this stage are:

(a) sell grains;

(b) sell livestock to generate cash for buying grains to supple-

ment any household grain deficits; and

(c) buy grains.

Details of the observed adjustments by farmers in the region were al-
- ready described in Chapter 1I.

Farmers in the study zone take decisions in a multi-stage framework
which is a strategy that allows them to maintain a flexible production
plan that is changeable as the season progresses. Hence, focusing on a
one year farm level model (which captures these farm plan decisions) is
appropriate. In the next section, the currently available models for

analyzing farmer decision-making are reviewed.

4.2. Chojce of Methodology Based on Observed
Farmexr Behavior in Southern Maxadi

The choice of methodology in empirical research is influenced by
several factors amongst which are (a) relevance to the problem, (b) ease
of use, and (c) data availability. The most commonly used methodology

in studying farm-level behavior of farmers is linear programming models
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(Low, 1974; Heyer, 1972; Roth, 1986; Adesina; 1985).2 These models ai-
low researchers to model the whole farm, including farm resources (such
as labor, land of different quality, capital) and the interactions of
the crop and livestock systems.

To incorporate farm-level risks and the response of farmers,
various modifications of LP have been used. These include "safety-
first" models (McInernmey, 1967; Boussard and Petit, 1967; Low (1974) on
Ghana, and Heyer (1972) on Kenya), "MOTAD" (Mean Absolute Deviation)
(Hazell, 1971; for empirical applications in Africa, see Adesina, et
al.., 1988; Jaeger, 1984; Rodriquez and Anderson, 1988; Niang, 1980) and
"Target MOTAD" (Tauer, 1983; Watts, et al., 1984), and quadratic
programming Markowitz, 1959; Rae, 1970). While these models handle risk
in one way or another, they all have limitations:

(1) Only the objective function coefficients are stochastic in
these models. However, it has been shown earlier that farmers in Sputh
Maradi face uncertainties in not only prices and yields, but in within-
season rainfall dilttiﬁution which in turn affects resource
availabilities and resource use intensities. Farmers’' labor use varies
with the rainfall patterns. Obviously, then, the input-output coeffi-
cients influencing farm-level decisions and adoption of agricultural
technology are stochastic. The above models do not allow for stochastic
resource constraints.

(2) None of the models allows the decision maker to:

3. Farm partial-budgeting is the starting point for doing LP analysis.
Budgeted costs and returns then feed into LP models as coefficients.
The limitations of partial budgeting in farm-level work as well as
advantages of whole-farm modeling are well known (see Ghodake and
Hardaker, 1981).
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(a) update information on random events affecting his deci-
sions;

(b) take decisions in sequential multiple stages, wherein deci-
sions taken at current time, t, are dependent on decisions
taken in prior periods, t-1, t-2, ..., etc., as well as on
the outcomes of states of nature influencing these prior
decisions;

(¢) adaptively change crop plans and other decisions as more
inforQAtion is available on the outcomes of random events
in each stage of the decision process.

Due to the multi-stage decision making of farmers in Maradi and
théir response to outcomes under alternative weather pattérns, the
above-mentioned approaches cannot adequately characterize farmer
decision-making. An alternative methodology is to use the RINOCO (Risky
Input-Output Coefficients) approach developed by Wicks and Guise
(1978). However, this approach, while allowing for stochastic input-
output coefficients does not allow for multi-stage sequential decision-
making.

A methodology which overcomes most of the limitations of the ear-
lier approaches is discrete sequentiai stochastic programming (DSP)

(Cocks, 1968; Rae, 1971la, 1971b).

4.3. Discrete Stochastic Programming (DSP)
DSP is a method of solving sequential decision problems with uncer-
tainty. It can provide solutions to programming problems where the
functional, input-output coefficients and/or resource supplies can be

represented by discrete probability distributions (Cocks, 1968). To use
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this approach in empirical problem solving, a series of steps must be
followed, such as: specification of all possible actions open to the
farmer, random events influencing decisions, probabilities of these ran-
dom events occurring in each stage of decision making, an objective
function to be optimized by the decision maker, and an appropriate in-
formation structure linking decisions in each stage of the planning
horizon.

Due to the need to specify resource supplies and input-output coef-
ficients for each state of nature within each stage of the decision
planning horizon, the matrix size for solving a realistic DSP problem is
larger than its linear programming counterpart. Therefore, DSP can
easily run into the "curse of dimensionality" problem, although this
matrix size can be reduced to a manageable proportion by (a) appropriate
selection of oniy relevant stages/states of nature and by (b) checking
each row of the sub-matrices to test for dominance. This may be needed
because the size of the matrix increases very quickly the more detailed
the characterization of stages and possible stages of nature.

The first step in specification of a DSP model is the development
of a probability model. This step consists of the following subdivi-
sions (Rae, 1971b):

- Isolation of decision dates and division of the planning horizon

into distinct stages where decisions can be made.

- Construction of possible stochastic events in each stage.

- Specification of subjective probabilities for the occurrence of

the stochastic events in each stage.

- Specification of the information structure assumed for the deci-

sion maker (i.e., whether he has (1) perfect information on
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outcomes of past and present decisions, (2) incomplete knowledge
of the past, or (3) complete knowledge of the outcome of past
decisions but only probabilistic knowledge on the outcomes of

future stages.

Following development of the probability model, activities and
input-output coefficients (which are functions of the states of nature)
must be specified for egach state of nature. Lastly, the utility func-
tion of the decision maker must be specified.
A representation of the probability model of a hypothetical deci-
sion tree within the DSP framework is showm in Figure 4.2. The
information structure assumed in this model is that of perfect knowledge
of the past, i.e., at the time decisions are made in the beginning of
stage t, the outcomes of decisions in previous t-1 stages are known but
the farmer only has probabilistic knowledge on the outcomes of future
stages, although such knowledge is conditional on previously accumulated
knowledge in prior stages.
The notation used in the hypothetical model is as follows:
xpt = vector of activity levels initiated at the beginning of stage
t, given the occurrence of random event p in previous stage;

Espt = random event "s" in stage t, following the occurrence of "p"
event in the previous stage. These values are the random
states of nature influencing decisions in each stage;

Yij = final outcomes of expected pay-offs of decisions taken when

event 1 is followed by event j;
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Ygg (Bgg)

Ygp (Bgp)

Ypg (Bpg)

Ypp (Bpp)

A Hypothetical Discrete Stochastic Programming Model.
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ﬂij = joint probability of the occurrence of events i and j. -Note
that these probabilities must sum to unity over all states of

nature.

The decision vector X1 is initiated at the beginning of Stage 1.
At the beginning of Stage 2, the farmer would have knowvn the outcomes of
the random events which occurred in Stage 1. . He can therefore use this
information to decide on optimal decisions for Stage 2 (1.0; can respond
to these outcomes by changing farm plans as needed). If event °511 oc-
curs in Stage 1, the optimal strategy is to initiate decision vector
: X12' But if event 'pll occurs, the optimal sequential strategy for
Stage 2 is X22. Therefore, the information structure allows decisions
made at the beginning of any stage to depend only on previous decisions
(in earlier stages), the realized values of random variables and the ex-
pected probabilities of random events in future time periods.

This ability of the DSP model to allow for multi-stage decision-
making is its strong advantage over the afore-mentioned approaches of
modeling farm-level decisions of farmers. However, despite its ad-
vantages over the other approaches, empirical applications using DSP are
very few and have been mainly in developed agriculture (Apland, 1979, on
crop residue supply in the United States; Tice, 1979, on nitrogen fer-
tilization in Indiana, USA; Rae, 1971b, on vegetable production, New
Zealand; Tice and Clouser, 1982, on fertilization in Indiana, USA; Brown
and Drynan, 1986, on plant location in Australia). The only empirical
application of this methodology in peasant or traditional agriculture

(Balcet and Candler, 1981) was in northern Nigeria.
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Since it has been shown that farmers in southern Maradi f°11°w—;~
sequential multi-stage decision-making process which allows them to
adaptively change crop plans (to reduce production and income risks and
increase income) the methodology chosen should allow for this behavior.
Since DSP allows the decision maker to adaptively redefine/alter crop
decisions in a sequential manner, its use is appropriate for analyzing
decision making of the farmers in southern Maradi. The strength of DSP
in this study is that it makes it possible to (1) characterize the deci-
sion stages by dividing the planning period into a number of stages, (2)
specify the random events or "states of nature” within each stage, (3)
incorporate the probabilities that each "state of nature” will occurs.
(4) specify activities and farm constraints specific for each state of
nature within each stage of the decision planning horizon, (5) link ac-
tivities and farm resources between all states/stages of the planning
horizon, and (6) collect all final outcomes from all possible joint
events of states of nature and their associated risks into the objective

function.

4.4. Division of Decision Stages and States
of Nature Correspondence

The decision stages and the decision altermatives taken by farmers
in the empirical model are as shown in Figure 4.1. The stochastic

events in the decision stages where cropping decisions are made (i.e.,

3. The ideal thing to do is to obtain farmers’ subjective probabilities.
However, researchers use their own "expert" probabilities which then
makes the model a long-run normative decision-making model rather
than a short-run diffusion model (see Rae, 1971la, b; Balcet and
Candler, 1981).



Stage 1 and Stage 2) are categorized as follows:

of rains (and consequently the start of the season) can be early or

late.4

-- "good" or "weak" rains.6

sified as "good" or "weak".

states of nature in Stage

Very Good Year

Good Year

Normal Year

Poor Year

Very Poor Year

1 and Stage 2 are described as follows:
"good" rain in Stage 1 followed by "good"
in Stage 2;

*weak" rain in Stage 1 followed by "good"
in Stage 2; _

"good" rain in Stage 1 followed by "weak”
in Stage 2;

*weak" rain in Stage 1 followed by “"weak"

in Stage 2.
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In Stage 1 the start

When rain starts early, two alternative patterns are possible5
In Stage 2, rainfall events are also clas-

Hence, the five combinations of the joint

rain

rain

rain

rain

"late" rain in Sage 1 followed by “"weak"” rain

in Stage 2.

The probability associated with these states of nature are 0.34 for

the Very Good Year, 0.24 for the Good Year, 0.23 for the Normal Year,

0.16 for the Poor Year, and 0.03 for the disaster (Very Poor) year.

4. See Sivakumar (1988) for a detailed discussion of the agro-
climatological description of rainfall and start/end of season in
Niger.

5. These alternative patterns are based on similar categorization of

rainfall in Maradi Region by Koechlin (1980).

The

6. Following Balcet and Candler (1981) and Rae (1971b), respectively, no
strict meterological description is attached to these events.

Farmers generally know what they mean by good or weak rains.

events as used here are arbitrary classifications.

These
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very poor year is typical of the severe drought year of 1984 when
farmers experienced widespread crop failure. Based on long-run histori-
cal patterns, the chance of this state of nature occurring is very low,
hence, the probability associated with it in the model. This model is
more realistic as opposed to naive models which may put a higher weight

7 The model used here therefore

on this most recent drought experience.
is a long-run normative decision-making model as are those of Rae

(1971a, 1971b) and Balcet and Candler (1981).

4.5. Empirical Model
The empirical model constructed for the Maiguero village of

southern Maradi is presented in this section. The model consists of 150
constraints and 200 decision variables. The basic version of the model
is presented below in matrix notation. The empirical model is specified

as:

(1) Max E(1I) = p88n8;-+ pswnsw + pwllww + pwsnws + ﬂlwnlw

s.T.

(2) A81x51< - Bgl

(3 An¥a< = Ba

* A< = By

3) Agg2¥gg2 = Bgg2
(6) Awgzxwg2< = ng2
(7 AguoXgu2< = Bgus .

7.

See Appendix Table C.11 for the derivation of the probabilities

assoclated with the different states of nature.
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(8) Ae2Rin2S = Baw2

(9) Ar1w2X1w2< = B2

(10) "THgy + Tggo< = 0

(11) “TXg1 * Tgup< = 0

(12) T + Tygo< = 0

(13) 'wal + waw2< -0

(14) "THyp + TXyp< = 0

(15) ’cslxgl B cggzxgg2 + ngg - q
(16) | “Cn¥a1 - cngXHgZ * nwg -0
(17) .cslx81 - CSVZXSW2 + lIgw -0
(18) “Ca¥u1 © CXwz * Dy = O
(19) C11¥11 - CreXiwe * Iy < 0
(20) Moo Moo Moge Mo My Xgoar Xgunr Xugar Xpuar Xp2> = 0
Notation

Agl’ Ayyr A - (nxn) matrix of stochastic resource requirements under
'"good", "weak" and "late" rainfall states in Stage 1;

381' Bwl' 311 = (nxl) vector of Stage 1 resource supplies for "good",
"weak" and "late" rainfall states in Stage 1;

A = (nxn) matrix of resource requirements in Stage 2 for the

gg2'’ Ang
Very Good and Good states of nature stochastic events, respec-
tively;

Agw2' Aww2 = (nxn) matrix of resource requirements in Stage 2 for the

normal and poor states of nature stochastic events, respec-

tively;

Alw2 = (nxn) matrix of resource requirements in Stage 2 for the very

poor state of nature stochastic events;



57

B1w2 = (nxl) vector of Stage 2 resource supplies for the very poor
state of nature;

B = (nxl) vector of resource supplies for the good and poor

ng2’ ww2
states of nature, respectively;
ngZ’ ngz = (nx1l) vector of resource supplies for the very good and

good states of nature, respectively;
nij = profits from farm plans selected when state of nature i and j
occur in stages 1 and 2, respectively. For example, ngs is
profits in the very good year.
cgl’ cwl' C11 = (1xn) vector of net margins (i.e., payoffs-costs) for
crop activities initiated in Stage 1 (under "good", "weak",
and "late" rainfall states, respectively) and continued

through Stage 2 without any addition of new crop plans;

C

wg2® Cgw2’ ©

0882' w2 clw2 = (1xn) vectors of net margins (i.e.,
payoffs-costs) for crop activities selected under “good",
"weak"”, and "late" rainfall in Stage 1 and are continued into
Stage 2 (with additions of cowpeas crop plans in Stage 2).
These are categorized by their respective states of nature,
i.e., very good, good, normal, poor and very poor, respec-
tively;

515 = probabilities associated with the five states of nature.
Note that Zzpij-l;

xijz- (nxl) vector of cropping activities in Stage 2, under joint
states of nature i and j, respectively/

T = a matrix for preserving proper sequencing of activities and

resource transfers.
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Xgl' le, xll = (nxl) vector of millet and sorghum initial cropping ac-
tivities initiated in Stage 1, but are transferred into Stage
2 where additional crop plans of cowpeas can be added.

Equation (1) is the objective function and represents a weighted
sum of the pay-offs from all joint events of states of nature (the
weights being the associated probabilities of the respective joint
events)

Equations (2)-(4) represent input-output coefficients and resource
supplies corresponding to activities performed in Stage 1 under "good",
*weak" and “late" rains, respectively. Hence, at the start of the
- season, rainfall can either be early or late. If early rainfall l;lte
occurs, it can either be "weak" or "good" rains. The input-output coef-
ficients and labor supplies are disaggregated for each of these specific
states of nature. Activities specified include planting of millet and
sorghum (sole crop or as intercrops). Replanting activities are allowed
under each rainfall state. Also limilgr disaggregation is performed for
acreage éupplies. Allowances are provided for the transfer of fallow
and cereal cropped land from Stage 1 into Stage 2. (See Tables 4.1 and
4.2 for a picture of a simplified tableau.)

Equations (5)-(9) represent constraints for crop activities, input-
output coefficients and resource supplies corresponding to the five
possible states of nature in Stage 2 of the season. For example,
Equation (5) represents those for the activities performed when "good"
rains in Stage 2 follow the occurrence of "good" rains in Stage 1 (i.e.
very good year). These activities include weeding (both first and
second weedings) and thinning of cereal plots carried over from Stage 1,

planting (and weeding) of alternative cowpea varieties, fertilization



*3anjsu jo a3wis 4q pajeSaafivejp aaw SIUITITJJ200 IsayL “eI[ITAFIOE Sujpuodeaiiod 30) Kjddns ioqey 3o uo Bugawip ay3 sjuasaiday /v

TUOLINIFJFTduES NEATqEI AOT® 03 @13y Wuop Jou OF STUL ‘sujes yeaa puv pood Lq PRI833U213331p 9q prnoys sajajajioe Sunaueg o,
‘9313345300 Sujjuerdes 3oj 20qer [euorIjppe SPATIUT eIuaE) 33000 Lajarady 4

L L]
wnyliog yedoq
/I3TTIH 930
saylios [ed0q
JISTTIN adu]
IR 1920
INTIN_‘ade)
wuyey 83w

[}
[}
[}
1
]
[}
]
]
-
[}
t
[}
e © oo

Aoty
wnyliog yed0q
/TN 1920
soysiog (w07
J33TTIN “adu)
IR (9207
IPTIR adey

(x5aay wyey Ljsmiy

noyyey

wny8iog [edon
JTTIN Twd0q
wylios Te0q
JI2TTIN *Adey
WTIN [0
IITIN_*adug

(poo8) ujey Lpampy

7 a¥nis oyuy
pusy 3o isjsuway

1
'
[
'
'
'
L
1
-
1
1)
!
o0 © oo

1
L2 . L4l .t - . -9.3:-: sujey ey
- " .t o o Py (Supauerd
_ _ _ _ . (¥o3n) upwy L1omyy
- - - +. \m... + + u- Suyueyrd
(pood) ujey Lyemyy
(*93y) Jujeiieucy aoqeq

R
'3
' %

I I i 1 1 - - - - - St supsy 3wg
<€ supey Ljawpy

Tou) Jupsaaeiay pusy

- £ 39
IF[TIA 19201 /I[[IK *adu] w20 #2301 cadw} {3TTFH 19207 /I3TTIN "ade] muuwn wnhhnt St
Y3108/ TT IR waydaog PITIN W ¥io5 73911 I ATIN
WOTIWTY 3TV {§jw Y9on puv poog)

_welujiuelg Ljewyy

‘1 @8eag ut suoyidp Suypddoan ¥O XTajey 2an3dyd PAtIFTdurs v °y°y a1qel



60

. ueloucﬂun-u&-.-»-«3-::".-_31.-30--3-1«!.3!- 83yl ‘»Iejadordde s1aya woFIRIFTFIIN pus ‘s3sjadoadde
layn lo&."uowu-!.uulc-m .rasu!-..:l:ﬁ WRIIUE SIFATALIY  “82111AFII0 Dujpuodenizod 305 Aiddnn uoo--elo-u-.luv-aucu-oo-usoo

g
on- o9~ 001~ onz- - (- vi- "- - - vz ) sadaco
- - toz- 1= S06- - - - - - - 0 w3108
- - o= °z- voc- - 9nz- ne- %6 1ec- - ° L]
. ("9%) samaia 40D
+ + + + + + + + + + . Supeen pug
+ + + + + + + + e + . Sugpesy ey
C uutnluqs-.u
("suw) asn yoan
" 1 - - . - - - - - 0 L 1U7]
- wnytios yea0y
- - " " I+ - - - - - - 0 /wIumN 1we
- - - - - " 1+ - " - - ° ITTIK 1937
- - - - - - ) - I+ - 15 " 0 I0TTIN “admp
s 1 aWis
WOud NV
40 waasuval
s
S5dAc)  evedaoy -m.ub..a 3BT g adnan 19307 wnyliog (9207 (Kajsuaq ,sasming) (K3jeuaq ,cssmivg) (K3psuag JSIBWIBZ)  JBITIN ISITIN *3124 snyg
poscaduy 10307 femyBiog 19301 ppygiog [e507 1301 13K 19307 ssadac) °ade] swadao) (9307’ owadnoy “adey w207  ‘adwy &3ysuag Juegq
an ()] [AOTT 199 a1k 1030 [T} /391N 930 /391110 19307 73911 ada © @) udy e
® ® i) ) ) . ovedno) *adu;
JITTIR “aem]
()] 1
SALLIATLIM STI0N0 Do

*(3eax poon Laap
‘*3°F) 1 93e3s uf I3yIeay PoOH JO IVUIINDD(Q BYJ PAMOTTOL Z 93e31s ur aayjeopy
Pooy usym z @3e3ls uy suojidg Sujureg jo uofFlejuasaidey 3an3d1d por3Frduwis v °*z°v arqel



61

activities, buying and consumption of grains in the dry periods preced-
ing harvesting ("soudure"). Other activities include cash supplies for
buying seeds and fertilizer. Subsistence constraints for millet and
sorghum are also specified for each state of nature. Based on minimum
nutritional and energy requirements per household member,8 the total
cereal needs is estimated to be 800 kg. per household. This cereal need
can be met from millet or sorghum production or through grain purchases
on the market. Activities for selling livestock, selling and buying
grains to adjust to the eventual output outcomes of decisions taken in
Stages 1 and 2 are also specified. The household is endowed with 3 rams
and 3 goats as initial livestock 1nventory.9 Since the model is an
annual model, livestock breeding is not included. The household can
sell livestock to generate cash requirements for buying supplementary
grains.

Equations (10)-(14) are transfer rows which transfer crop ac-
tivities and resources from Stage 1 to Stage 2 under corresponding
states of nature. The transfer matrices (i.e., T) are not identity
matrices but have non-zero off diagonal elements as activities and
resources from a specific state of nature in Stage 1 can be transferred
into more than one set of cropping activities in Stage 2. For example,
land transferred from "good" state of nature in Stage 1 is available to

activities performed under "good" and "weak" states of nature in Stage 2

8. The average household size is 3.0 while the active members of the
household engaged in agriculture (i.e., gctifs) is 2.4 (Swinton,
1985; Issa, et al., 1987). The minimum grain requirement per capita
is 266 kg. which is comparable to 250 kg./capita recommended by the
Niger Government (Table A.1l).

9. Based on Swinton and Ly (1984, p. 9) which showed that mean number of
sheep and goats in sandy soil villages is 6.0 (see Chapter II).
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(i.e., activities done when "good/good" (very good year) and "good/weak"
(normal year) joint events sequences occur in Stage 1 and Stage 2).
Also, millet and sorghum planted in Stage 1 can be transferred into
Stage 2 where cowpeas can be interplanted or the grains can be left
without adding cowpeas. These constraints therefore preserve the proper
sequencing of activities and resource transfers.

Equations (15)-(19) define the expected profits from crop plans
selected under the joint events. The net margins are computed by sub-
tracting from gross returns the variable costs of production associated
with each activity.

Equation (20) is non-negativity constraint on the decision vari-
ables in the model.

It 18 clear from the model specification that the farmer is allowed
to make alternative decisions depending on the occurrences of alterna-

tive states of nature.

4.6. Data

The labor data used in the empirical model represents hours worked
per cropping option and were developed using data from rural household
surveys in Maradi region of southern Niger in Swinton (1987), Unite
Suive d’'Evaluation (1986), Legal (1985), and Roesch (1982). These data
covered cropping patterns, cultural practices and labor use of millet,
sorghum and cowpeas sole crops and intercrops under traditional farmer
practices.

Information on labor use and yields for improved agricultural tech-
nology (i.e., early maturing varieties + higher planting density +

fertilization) are actual data obtained in three years of on-farm trials
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in the village of study. These data were obtained from published
reports of the economics section of Niger’s national agricultural re-
search institute (Ly, et al., 1985; Krause, et al., 1987). Additional
yield data were obtained from experiment station field trials in the
area of study (INRAN, 1986). Livestock monthly prices were obtained
from the International Livestock Center for Africa in Niamey. Monthly
grain prices for Maradi region were obtained from field data collected
by the University of Michigan Agricultural Sector Project in Niger.
Data on livestock holdings and sale patterns in dry rainfall years were
taken from Swinton and Ly (1984, p. 9), Swinton (1988, p. 32) and

" Swinton and Mammane (1984), respectively.



64

CHAPTER V

BASE MODEL RESULTS AND VALIDATION

The results for the empirical model evaluated with traditional
technologies are presented in this chapter. The base model results in-
clude: selected cropping systems, expected farm production under each

state of nature,1 post-harvest risk management decisions and income
characteristics of the entire farm plan selected by the farmer. A
validation of the results against observed farmer behavior and with

other studies is emphasized in this chapter.

5.1. Cropping Systems undex Traditional Technology
The model results. for cropping systems under traditional technology
for each state of natufe are shown in Table 5.1.
The principal points from these results are:
(1) Farmers planted intercrops of local varieties of millet, sor-

ghum, and cowpeas in most states of nature (four out of five). Sorghum

1. The states of nature are as discussed in Chapter IV. State 1 is
equivalent to a very good year (i.e., good rains in Stage 1, followed
by good rain in Stage 2); State 2 is equivalent to a good year (i.e.,
weak rains in Stage 1, followed by good rain in Stage 2); State 3 is
equivalent to a normal year (i.e., good rains in Stage 1 followed by
weak rain in Stage 2); State 4 is equivalent to a poor year (i.e.,
weak rain in Stage 1, followed by weak rain in Stage 2); State 5 is
equivalent to a very poor year (i.e., rain started late in Stage 1,
and was followed by weak rain in Stage 2). Throughout the rest of
the discussion these states of nature will be categorized as above.
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Table 5.1. Farm Plan under Traditional Technology (Hectares Harveégga).

State of Nature
Very Very
Cropping System Good ___Good __ Normal Poor Poor
Local millet sole crop - - - 0.88 1.53
Local millet/local cowpeas - - - 0.88 -
Local millet/local sorghum/
local cowpeas 0.92 0.93 0.47 - -
Local cowpeas sole crop 0.8 0.8 0.8 0.8 0.8
Local millet/local sorghum 0.92 0.93 1.23 - -

Source: Model results.

drops out of the rotation in the low rainfall years.

(2) In most states of nature, farmers started cropping decisions
in stage 1 with planting of the millet and sorghum crop mixture.
Sorghum was never planied as a sole crop in stage 1. In stage 2,
farmers divided the crop plan from stage 1 into millet and sorghum in-
tercrop, and the rest into millet and sorghum interplanted with cowpeas.
The results are reflective of observed farmer production patterns in the
village. Farmers do not plant sole crops of sorghum. As indicated in
Chapter 1I, intercropping is the basis of the farming systems with the
most common intercrops being: millet interplanted with cowpeas, millet
and sorghum interplanted with cowpeas, and millet interplanted with sor-
ghum (see Swinton, et gl., 1984; Swinton, 1987).

(3) 1In the state of nature characterized by very poor rainfall,

the model predicts that farmers do not plant sorghum in the crop mix.
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Millet was the only cereal planted and this was as a sole crop. This is
consistent with observed farmer production adjustments in drought years.
As pointed out in Chapter II, farm-level evidence shows a shift into a
higher proportion of sole cropping of millet in drought years. Since
rains start late in drought years, farmers continue to re-plant the
principal cereal crop (millet) until it is well established. This
replanting operation often pre-empts the addition of other crops into
the millet plots. Sorghum is less drought tolerant than millet hence it
is a more risky crop, and sorghum crop failure can be experienced in
poor rainfall years. This shift to sole cropped millet is an adaptive
response to poor rainfall. Similar adaptations of crop selection to
rainfall have been found among peasant farmers in other parts of

Sahelian West Africa (Vierich and Stoop, 1987; Matlon, 1980).

5.2. [Expected Production Patterns under Traditional Technology

The crop production by state of nature are shown in Table 5.2. The
production pattern shows that farm output varies substantially with the
different states of nature. In each state of nature the predominaﬁt
output was millet output. In the very good and good states of nature,
millet production was 531 kg. and 496 kg., respectively. This output
declined to 386 kg. in the normal year, 222 kg. in the poor year and
139 kg. in the very poor year. In the better rainfall states when
sorghum was produced, a similar declining pattern of output with
decreased rainfall is observed. Drastic declines in cowpea output occur
in the normal, poor and very poor rainfall states. In terms of expected
total output (all crops), the estimates show farmers expect to produce

890 kg. over all states of nature.
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Table 5.2. Crop Output (kg.) by State of Nature and Expected Output un-
der Traditional Technology.

_State of Nature
Very Very
Good  Good _ Normal Poox Poorx
Crop Output by State of Nature
Millet 531 496 386 222 139
Sorghum 418 304 186 0 0
Cowpeas 320 233 112 - 16
Total 1269 1053 684 281 155
- Expected Qutput Over All States of Nature

Millet 427

Sorghum 258

Cowpeas 205

Total 890

Source: Model results.

The substantial rgduction in both cereal and cowpea output in these
low rainfall years is linked to the poor performance of the local matur-
ing cultivars planted by farmers under traditional technology. Because
of the shortness of the growing season in these poor rainfall scenarios,
these varieties are not able to complete their cycle before the late
season dry spell sets in. In the good rainfall years, however, these
cultivars gave higher outputs since the longer growing season allows

them to make optimum use of the soil moisture for grain filling.
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5.3. Post-Harvest Risk Management Strategies
under Traditional Technology

In response to the final outcome of crop output resulting from the
cropping decisions taken earlier in the season, farmers take three deci-
sions. These decisions are grain sales, grain purchases on the market
and the sale of livestock (see Chapter 1II for detailed discussion). The
model results for the post-harvest decisions under traditional technol-
ogy are presented in Table 5.3. The major points from the results are:

(1) The model predicts that farmers sold cereals only in the very
good year. The amount of cereal sale was 149 kg. Cowpeas, the major
cash crop, was sold in every state of nature to generate cash income.
The total expected volume of grain sales over all the states of nature

is 256 kg.

Table 5.3. Cereal Sales and Purchases and Livestock Sales with
Traditional Technologies.

_State of Nature
Very Very

Good Good _ Noxmal __ Poor ___ Poor

Millet

Sorghum 149 - - - -
Cowpeas 320 253 112 22 16

Total 469 253 112 59 16
Sheep - - 1 2 3
Goats - - - - 2
Millet - - 228 579 661
Sorghum - - - - -

Source: Model results.



69

The estimates of marketing of grains obtained in this study are
consistent with those cited in other studies of Niger. Various studies
claim the amount of millet and sorghum farmers sell is very small, rang-
ing from O to 4 percent of cereal production in very poor years (Swinton
and Mammane, 1984) to approximately 15 percent in better rainfall years
(see University of Michigan, 1977; Club du Sahel, 1979; Government of
Niger, 1978; Elliot Berg Associates, et gl., 1983). Raynaut (1973)
found an estimate of 17 percent. The amount of cereals sold in the very
good year (i.e., State 1) in the model represents 16 percent of the to-
tal amount of millet and sorghum produced. This is consistent with the
above studies. For the low rainfall states of nature, the model es-
timates in this study show that no millet or sorghum was sold by the
farmer. This estimate falls within the 0 to 4 percent range cited by
Swinton and Mammane (1984) for the poor rainfall years of 1984 and 1985
in the study zone. To generate cash, however, farmers sold cowpeas.

(2) No grains were bought by the farmer in the states of nature
with better rﬁinfall (i.e., very good and good rainfall states).

(3) Farmers bought grains in the post-harvest period in the states
of nature with lower rainfall (i.e., normal, poor and very poor states
of nature). The amount of millet bought was 228 kg. in the normal rain-
fall year, 579 kg. in the poor rainfall year, and 661 kg. in the very
poor rainfall year. Village level evidence confirms these results.
Swinton and Mammane (1984) found that farmers bought substantial amounts
of grains in low rainfall years. Other studies of Niger (Painter, 1987;
Sutter, 1979) similarly found that pervasive grain buying occurred in

low rainfall years.
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(4) Due to the production deficits in the low rainfall states of
nature, the model predicts that farmers will sell livestock in order to
generate cash for buying grains. The amount of livestock sold consisted
of one ram in the normal rainfall year, two rams in the poor rainfall
year, and three rams and two goats in the very poor rainfall year,
respectively. This is a reduction of the livestock 1nventory2 by 16
percent in State 3, 33 percent in State 4 and 83 percent in State 5.
Therefore, increasing numbers of animals are sold with progression into
the drought year.

These model results are consistent with village-level evidence
- provided in Chapter II, showing that substantial numbers of livestock
are sold by farmers to generate cash for grain purchase (see Swinton and
Mammane, 1986; Swinton, 1988). Livestock plays a very important role in
ﬁllowing farmers in this village to adapt to outcomes under different

rainfall situations.

5.4. Wmmw
Alternative States of Nature

The income characteristics of all the farm decisions taken under
traditional technology are presented in Table 5.4. The estimates show
that cash income declines with the change in rainfall patterns from high
to low rainfall states of nature. These income changes are directly
linked to the declining volume of grain farmers sold with transition
into the low rainfall states. The cash income in the very good year is

463 percent higher than cash income in the poor rainfall year. The

2. The initial livestock inventory consists of three rams and three
goats.
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Table 5.4. Cash Income, Expected Cash Income and Other Risk
Characteristics of Farm Plan: Traditional Technology.

State of Nature
Very Very
Good ~_ Good _ Normal _ Poor __Poor
Cash Income (CFA) 45261 1/ 31635 13749 8027 2064
(142) (99) (43) (25) (6)
Total Income (CFA)Z/ - - 73226 59600 42735 24677 13104
(230) (187) (134) (77) (41)
Expected Cash Income (CFA) 27410
(86)
Coefficient of Variation
of Cash Income (All States) 0.72
Coefficient of Variation
of Total Income (All States) 0.52

1/Values in parentheses are dollar equivalents. Exchange rate: 318 CFA
= 1 U.S. dollar (West Africa, October 10, 1988).

2/u1th the imputed value of cereals consumed by the household.

expected cash income over all states of nature is 27410 CFA ($86).

The estimates of farmer cash incomes under traditional technology
show that in absolute values, farmers’ incomes are very low. These
farmers have few resources and are often forced to further deplete these
resources (especially livestock) in order to generate cash to meet con-
sumption expenditures of grain purchases. With the consideration of the
value of cereals consumed at home, incomes of farmers are substantially
higher than revealed by these cash incomes. Absolute total income

ranges from 73226 CFA ($230) in the very good year to 24677 CFA (§77) in
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the poor year. Consequently, subsistence consumption of cereals is an

important part of household income.

5.5. Conclusions

The major issues shown by the results of the empirical model
presented in this chapter are:

(1) Validation of the model results showed that the empirical
model describes the production patterns in the village zone of the study
well. Based on cropping and marketing patterns, it was observed that
estimates in this study agree with those cited by other studies and with
observed farmer behavior.

(2) The model predicts that farmers will buy large amounts of
grains in post-harvest periods of low rainfall years. They will also
sell livestock to generate cash supplies to buy grains. These livestock
sale and grain sale and re-purchase patterns observed in the empirical
model results are consistent with what farmers are observed to do in the
study zone.

(3) In absolute dollar terms, returns to agriculture under tradi-
tional technology are low. Incomes received also decline substantially
with lower rainfall. New agricultural technologies and complementary
cereal pricing policies may be needed to achieve higher productivity and
higher total incomes for farmers in this risky agricultural environment.
Especially important is the ability of these technologies to increase
domestic cereal consumption in the various states of nature. This is

one of the focuses of the next chapter.
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CHAPTER VI

FARM LEVEL IMPACTS OF NEW AGRICULTURAL

TECHNOLOGIES AND COMPLEMENTARY POLICIES1

A major conclusion from the last chapter was that agricultural out-
put and incomes are low absolutely and fluctuate substantially with
traditional technologies. Two principal instruments to improve agricul-
tural output and farmer income are (1) new agricultural technologies
which can increase crop yields, and (2) pricing policy instruments which
can put a floor on the cereal price decline in good rainfall years. In
this chapter farm level impacts of alternmative agricultural technologies
with and without price policy are evaluated.

The set of technologies evaluated consist of (a) early maturing
varieties of millet and cowpeas, both in sole crop systems and intercrop
systems; and (b) an improved agronomy technology package consisting of
early maturing varieties of millet and cowpeas, planted at higher plant
densities than traditional farmers’ practices, and with application of
chemical fertilizer (i.e., 50 kg./ha. of simple super-phosphate and 50
kg./ha. of Urea). The returns to labor will be computed for each tech-
nology and comparison made with the rural wage rate or opportunity cost

of labor.

1. The interested reader may turn to section 6.9 for a summary of the
principal results from the analysis in this chapter.
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6.1. WMM_WL
Maturing Varieties of Millet and Cowpeas

The cropping systems selected by the farmer with the introduction
of early maturing varieties are shown in Table 6.1 for five states of
nature. The farm plan from the model predicts that:

(a) More diversified crop patterns are adopted in the very good
year due to the excellent rainfall existing to support such production
patterns.

(b) Early maturing varieties of millet planted in sole crop were
adopted in the poor and very poor rainfall states.

(c) The intercropped combination of early maturing millet and
early maturing cowpeas were adopted in the poor rainfall years. With
transition into the poor rainfall year, farmers shifted into sole crop-

ping of the early maturing millet variety. These patterns of

Table 6.1. Farm Plan when Improved Varieties of Millet and Cowpeas are
Introduced (Hectares Harvested).

State of Nature
Very Very
Cropping Svystenm Good Good Normal Poor. Poor
Early millet sole crop - - - 0.88 1.53
Local millet sole crop - - - - -
Early millet/early cowpea - - - 0.90 -
Local millet/local cowpea - - - - -
Local millet/local sorghum 1.05 0.93 1.09 - -
Local millet/local sorghum/
local cowpeas 0.7 0.93 - - -
Local millet/local sorghum/
early cowpeas 0.36 - 1.09 - -
Early cowpeas sole crop - - 0.8 0.8 0.8
Local cowpeas sole crop 0.8 0.8 - - -
Local millet/early cowpeas - - - - -

Early millet/local cowpeas -

Source: Model results.



75

adoption in the poor and very poor rainfall years are supported by cur-
rent agronomic recommendations from experiment stations. Reddy (1988)
recommends that in low rainfall years (and especially when rainfall
starts late) farmers may be better off planting early maturing varieties
of cowpeas and millet either in sole crop or as intercrops.

(d) In each state of nature, farmers devoted 0.8 ha. to cultiva-
tion of cowpeas in sole crop. However, while local maturing varieties
were used in the very good and good rainfall years, respectively, the
farmer changed into use of the early maturing cowpea variety in the nor-
mal, poor and very poor rainfall years.

The implications of these results is that farmers can change their
choices of crop varieties by selecting appropriate cultivars to fit the
variability in the weather pattern. Such flexible crop management tac-
tics will allow farmers to adapt to the riskiness of crop production in
the stressful Sahelian environment. Andrews (1987) indicated that 1if
farmers follow such varietal mixtures they can protect themselves
against the risk of 10; or short rainfall periods by planting early
maturing cultivars and making optimum use of available soil moisture in
good rainfall years by planting late maturing cultivars.

The results of farmer adoption patterns also has implications for
technology development programs at the National Agricultural Research
Centre and at ICRISAT Sahelian Centre. The orientation of future breed-
ing programs depends on what one expects of the future Sahelian weather
pattern. Some researchers claim that rainfall in the Sahel will con-
tinue to be low and, that the persistent droughts may signal a permanent
change in the weather pattern (see Gregory, 1982; Nicholson, 1983; Lamb,

1982; Lamb, 1983). Apart from this, annual rainfall declines, Dennett,
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et al., 1985, show that rainfall in August (the main rainfall peak
period) has continued on a persistent downward trend over the last 16
years. If one subscribes to the position of a permanent weather change,
then breeding efforts need to be oriented towards early maturing
varieties. However, if these rainfall trends are nothing more than a
cyclical weather pattern indistinguishable from a random series
(Bunting, et al., 1976; Landsberg, 1975), then breeding programs may
want to diversify and also produce improved intermediate period and
longer period cultivars. Since farmers' varietal portfolio mixes con-
tinue to involve selective utilization of both local and early

-, varieties, it would seem that such diversification is justified. Plant
breeders need to also improve upon longer season local cultivars since
the model predicts that the early cultivars are not always selected in
5obd rainfall years. The model shows that by carrying a portfolio mix
of both cultivars, farmers will be able to adapt plantings to the ensu-

ing rainfall patterns in the season.

6.2. Expected Farm Production with Adoption of Early
Maturing Varieties

The expected farm output and production by state of nature are
shown in Table 6.2. The estimates show that with the introduction of
early maturing varieties, farmers achieve higher production levels than
with traditional technology. The expected millet output is 460 kg., ex-
pected sorghum output is 258 kg., and expected cowpea output is 234 kg.
Total expected output for all crops is 890 kg. The total expected out-

put with introduction of early maturing varieties is 18 percent
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Table 6.2. Crop Output (kg.) by State of Nature and Expected Output -
with Introduction of Early Maturing Varieties.

State of Nature
Very Very
Good Good Normal Poor Poor
Millet 600 496 397 264 159
Sorghum 500 304 200 0 0
Cowpeas -310 233 214 113 24
Total 1410 1053 811 377 183
Millet 460
Sorghum 289
Cowpeas 234
Total 983

Source: Model results.

higher than the corresponding estimate under traditional technology.
These estimates of expected farm-level productivity increases from
adopting improved cﬁltlvars alone in the absence of improved agronomy

characteristics2

is corroborated by Matlon’s (1987) observation that
"yield advantage of most improved cultivars rarely exceeds 15 percent
under farmers’ low-input management” (p. 31). The results also indicate
that it is probably necessary to concentrate on improving the agronomic

environment (through water and soil management practices) before the in-

1. Improved agronomy is defined here as practices to reduce stress,
such as improved plant nutrient supply, soil fertility and water
management, respectively.
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troduction of these new varieties.3

The predicted pattern of the post-harvest decisions taken by the
farmer with the introduction of improved varieties is shown in Table
6.3. The estimates show that farmers sold more grains than under tradi-
tional technology. Cereals were sold only in the very good years. This |
amount of cereals sold (300 kg.) is double the cereal sales with tradi- |
tional technologies (149 kg.). With the new cultivars, farmers now sell |

millet instead of sorghum in the best rainfall years. In all the other

Table 6.3. Cereal Sales and Purchases and Livestock Sales with
Introduction of Improved Varieties.

State of Nature
Very Very
_GCood Good  Normal Poor Poor
Cxop Sales (kg.) .

Millet 300 - - - -

Sorghum . - - - -
Cowpeas 210 233 214 150 24
Total 610 253 214 150 24

v

Sheep - - 1 3
Goats - - - - 2
Millet - - 203 536 641

Sorghum - - - - -

Source: Model results.

3. Also see Sanders (1988) and Andrews (1987) for a similar argument
for a technology development strategy in the Sahel.
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rainfall states except the best one, the increased millet production was
not sold but kept in the household to supplement the deficit subsistence
grain requirement. However, to generate cash, farmers sold cowpeas in
each state of nature. Due to the adoption of the early maturing cowpea
variety, farmers were able to sell more cowpeas than they were with the
traditional technology. For example, cowpea sales in the normal year
increased from 112 kg. to 214 gg. with adoption of early maturing cow-
peas. In the poor year, the farmer still increased cowpea sales from 59
kg. to 150 kg. with the adoption of an early maturing cowpea cultivar.
In the very poor year, there is crop failure even with the availability
of new cultivars.

In the post-harvest period there is no difference (compared to
traditional technology) in the number of livestock sold by farmers with
the introduction of early maturing varieties. Livestock were sold in
all of the states of nature in which rainfall was not above normal.
Farmers bought grains ffter selling livestock. However, slightly lower
amounts of grain millet were bought with the introduction of early
maturing varieties. In the normal year (i.e., State 3), 203 kg. of
millet was bought in the post-harvest period period compared to 228 kg.
under traditional technology. This represents a minimal decrease in
purchase requirements of only 12 percent.

Therefore, in terms of millet bought in the post-harvest pericod,
only very marginal improvements are achieved with the introduction of
early maturing millet varieties. Farmers still face large cereal
deficits in low rainfall years despite adoption of early maturing millet

varieties.
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6.4. Expected Income and Cash Incomes by State of Nature with
Introduction of Early Maturing Varieties

The expected cash income and cash incomes by state of nature are
shown in Table 6.4. Expected cash income with adoption of early matur-
ing varieties is 32743 CFA ($103) compared to 27410 CFA ($86) obtained
with traditional technology. When the value of home consumption is
taken into account, the expected total income with introduction of early
maturing varieties is 59328 CFA ($186) compared to 53204 CFA ($167) with
traditional technology. This represents an increase of 11 percent. In
absolute terms these incomes are still low even with adoption of early

maturing varieties.

Table 6.4, Cash Incomes, Expected Cash Income and Other Farm Plan
Characteristics: New Variety Introduction.

State of Nature
Very Very
. Good Good Normal Poor Poor
Cash Income (CFA)I/ L 49222 2/ 31635 25658 15322 3096
(155) (99) (81) (48) (10)
Total Incomea/ 77187 59600 55855 35122 15736
(243) (187) (175) (110) (50)
Expected Cash Income
(CFA) (All States) 32743
(102)
Coefficient of Variation
of Cash Income (All States) 0.59
Coefficient of Variation
of Total Income (All States) 0.44

1/ Exchange rate: 318 CFA = $1 (West Africa, October 10, 1988).
2/ Values in parentheses are dollar equivalents of the estimates.

Source: Model results.
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Moreover, the coefficient of variation and the standard deviation
of expected income show that the adoption of early maturing varieties
lowers the riskiness of farmers’ income. Compared to the traditional
technology, the coefficient of variation of expected total income was
decreased by 18 percent. The introduction of early maturing varieties
reduces the risk of crop failure in the low rainfall years and thereby

lowers income variability.

6.5. Intreduction of Improved Agronomy Package
The farm plan with the introduction of the improved agronomy

package (i.e., improved varieties + higher planting densities + chemical
fertilization) is shown in Table 6.5 for the five states of nature. The
results show that farmers continued to devote most of their farm plan to
non-fertilized cropping systems. The improved agronomy package was
adopted in four out of the five states of nature. The patterns of the
technology show farmers adopted 0.4 ha. of the new technology package in
the verj good year, 0.7 ha. with the good, normal and poor states of na-
ture, respectively. The technology was not adopted in the very poor
state of nature. This farmer decision to not adopt the technology in
this state of nature is a direct response to the very low rainfall in
the state of nature. This is consistent with observed farmer behavior

in 1984.

6.5.1. Expected Production with Introduction
of Improved Agronomy Package

Expected total output with the adoption of the improved agronomy

package (1133 kg.) is 27 percent higher than the estimate with
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Table 6.5. Farm Plan with Introduction of Improved Agronomy Packages
(Hectares Harvested).

State of Nature
Very Very
Cropping System _Good _ Good Normal __ FPoor ___ Poor
Early millet sole crop 0.37 0.72 0.72 1.12 1.53
Local millet sole crop - - - - -
Early millet/early cowpeas - - - - -
Local millet/local cowpeas - - - - -
Local millet/local sorghum 0.89 0.1 0.36 - -
Local millet/local sorghum/
local cowpeas - 0.1 - - -
Local millet/local sorghum/
early cowpeas 0.89 - 0.36 - -
Early cowpeas sole crop - - 0.8 0.8 0.8
Local cowpeas sole crop 0. 0.8 - - -
local millet/early cowpeas - - - - -
. Early millet/local cowpeas - - - - -
Early millet/early cowpeas 0.37 0.72 0.72 0.72 -

Higher planting density
and 50 kg./ha. SSP and
50 kg./ha. urea

Source: Model results.

traditional technology varieties and 10 percent higher than the estimate
with the introduction of early maturing varieties (Table 6.6). The
variations in output by state of nature is also enormous. Total crop
outputlin the very good year is approximately three times the output in

the poor year (Table 6.7).

The post-harvest decisions of farmers with the introduction of the

improved agronomy package are shown in Table 6.8. These estimates show
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Table 6.6. Expected Farm Output (kg.) (Over All States of Nature) for
Alternative Technologies and Percentage Increments by Level
of Technology.

Expected Output

kg

Choice of Technology

Traditional (1) 890

Improved Varieties (2) 983

Introduction of Improved Agronomy (3) 1133
Percentage Increases by Technology

(2) as & of (1) 10%

(3) as & of (1) | 27%

(3) as & of (2) 15%

Source: Model results.

Table 6.7. Crop Output (kg.) by State of Nature and Expected Output
: with Introduction of Improved Agronomy Technical Package.

State of Nature
Very Very
Good _Good __ Normal __ Poor _ Poor

Millet ‘ 868 771 733 477 159
Sorghum 456 29 65 0 0
Cowpeas 208 =16 135 23 24
Total 1632 1116 933 572 183
Millet 728
Sorghum 177
Cowpeas 228
Total 1133

Source: Model results.
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Table 6.8. Grain Sales and Purchases and Livestock Sales with the
Introduction of Improved Agronomy Package.

State of Nature
Very Very
Good __ Good __ Normal Poox Poox

Millet 524 - - - -
Sorghum - - - - -
Cowpeas 208 216 135 3 24
Total 832 316 135 95 24
Sheep - - - 1 3
Goats - - - - 2
Millet - - - 323 641
Sorghum - - - - -

Source: Model results.

that farmers were able to sell 524 kg. of millet in the very good year
compared with 300 kg. Qith the introduction of improved varieties and
149 kg. with traditional technology. The amount of millet bought in the
normal and poor states of nature also declined substantially with the
adoption of the improved agronomy package. In the normal year,

no millet was bought by the farmer, a major drop from the 203 kg. bought
with the adoption of early maturing varieties and 228 kg. bought with
traditional technology. Essentially, in the normal state of nature the
farmer became self-sufficient in grain production with the adoption of
the improved agronomy package. In the poor state of nature the farmer

bought 323 kg. of millet, a substantial decline from 579 kg. bought with
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traditional technology and 536 kg. bought with the adoption of early
maturing varieties.

The extent to which the farmer moves closer to domestic self-
sufficiency in grains under each technology is summarized in Table 6.9.
In the very good and good states of nature, farmers are self-sufficient
in cereal production. Deficits occur in the normal, poor and very poor
states of nature, respectively. Adoption of early maturing varieties
makes farmers 75 percent self-sufficient in the normal year, 33 percent
self-sufficient in the poor year, and 20 percent self-sufficient in the
very poor year. With adoption of the improved agronomy package, farmers
became fully self-sufficient in the normal year and ‘attained 60 percent
cereal sufficiency in the poor year. Neither of the new technologies
have an effect on home consumption objectives in the disaster (very
poor) years, but the probabilities are very low for these types of years

and food aid is generally made available to farmers.

Table 6.9. Cereal Self-Sufficiency Index* under Alternative

Technologies.
Vors State of Nature Vory
Good Good Normal Poor Poor
Traditional 1.0 1.0 0.72 0.28 0.17
Improved Varieties 1.0 1.0 0.75 0.33 0.20
Improved Agronomy 1.0 1.0 0.99 0.60 0.20

* These values represent the amount of cereals (millet and sorghum)
produced as a proportion of subsistence requirements. These values
range between 0 and 1. The closer they are to 1 the better is the
ability of the farmer to feed his household.

Source: Computed from model results.
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The increased millet production with the adoption of the improved
agronomy package also has a major impact on reducing the need for the
farmer to sell livestock inventories in order to generate cash for
buying millet. For example, livestock sales declined by 50 percent in
the normal and poor rainfall years when farmers adopted the improved
agronomy package. Therefore, depletion of farmers’ capital assets is
reduced, a very important effect not directly measured by income

changes.

6.5.3. Expected Cash Income and Expected Total
Income with Introduction of Improved
Agxronomy Technical Package

The cash income and other income characteristics with the introduc-
tion of the improved agronomy package are shown in Table 6.10. The cash
income per state of nature range from 56372 CFA ($179) under the very
good state of nature to 39470 CFA (§124) under the good year, 16150 CFA
($51) uﬁdcr the normal year, 12849 CFA ($40) under the poor year and
3096 CFA ($10) under the very poor year. The expected cash income over
all states of nature is 34642 CFA ($109). This expected cash income is
6 percent higher than with adoption of early maturing varieties and 26
percent higher than expected cash income with the traditional technol-
ogy. Comparing the cash incomes in the normal and poor rainfall years
with those under adoption of early maturing varieties one notices that
the values are lower for the adoption of the improved agronomy package.
This is explained by observing that (1) substantial increases in millet
production arising from adoption of the improved agronomy package are

retained for home consumption in order to move the household toward
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Table 6.10. Cash Income, Expected Cash Income and Other Farm Plan
Characteristics: Introduction of Improved Agronomy

Package.
State of Nature
Very Very
Good Good ___ Noxmal _ Poox __ Poor
Cash Income (CFA)Y 56872 , , 39470 16150 12849 3096
(179) (124) (51) (40) (10)
Total Income (CFA)a/ 84837 67435 56732 48624 15736
(267) (212) (178) (153) (50)
Expected Cash Income (CFA)
(All States of Nature) 34642
(109)
Coefficient of Variation
of Cash Income (All States
of Nature) 0.69
Coefficient of Varfation of Total
Income (All States) 0.42

1/ Exchange rate: 318 CFA = $§1 (West Africa, October 10, 1988).
2/ The values in parentheses are dollar equivalents of the estimates.
3/ With the imputed value of cereals consumed in the household.

Source: Model results.

cereal self-sufficiency, and (2) the production of the main cash crop
cowpeas was reduced in favor of more cultivation of the subsistence mil-
let crop. If allowance is made for the imputed value of cereal
consumption in the estimated total income increase, the impact of the
improved agronomy package is more pronounced. The estimates of the ex-
pected total income (i.e., with the imputed value of home consumption)
are shown in Table 6.11. The expected total income with the introduc-

tion of an improved agronomy package is 24 percent higher than with
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are shown in Table 6.11. The expected total income with the introduc-
tion of an improved agronomy package is ga percent higher than with

traditional technology and 11 percent higher than with the use of im-
proved varieties alone. In absolute terms expected total income with

introduction of the improved agronomy package is 66197 CFA or $208.

Table 6.11. Comparison of Expected Cash Income (CFA) and Expected Total
Income* (CFA) under Three Alternative Technologies.

Expected Cash Expected Total

Iechnology Income Income

" Traditional 27410 53204
(86) %% (167)

Introduction of Early 32743 59328
Maturing Varieties (103) (186)
Introduction of Improved 34642 66172
Agronomy Technical Package (109) (208)

* This is with the imputed value of home consumption of cereals.
Cereals consumed at home are valued at the market rate. These prices
for millet are: 35 CFA/kg. in the good years, 51 CFA/kg. in the nor-
mal year, 75 CFA/kg. in the poor year and 80 CFA/kg. in the very poor
year.

** Values in parentheses are absolute $U.S. values of the income es-
timates. Exchange rate: 318 CFA = §1. (Wegt Africa, October 10,
1988).

Source: Computed from model results.
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6.6. Returns to Labor under the Three
Alternative Technologies

If only cash returns (excluding the value of home consumption) are
considered, then the returns to labora with these technologies are very
low. Farmers would then be better off looking for alternative employ-
ment since the opportunity cost of agricultural labor is estimated to be
100 CFA/hour. However, including the value of home consumption raises
the total income returns to labor for all the new technologies above the
opportunity cost of labor except in the disaster year (Table 6.12).
When expected total income returns over all states of nature are con-
sidered, improved varieties have an expected labor return value 42
percent higher than the opportunity cost of labor and S percent higher
than traditional technologies. The improved agronomy technical package
has an expected labor return value 52 percent higher than the oppor-
tunity cost of labor and 16 percent higher than traditional technology
(Table 6.13). _

The major conclusions from these estimated returns to labor are:

(1) 1In low rainfall states of nature, the model predicts that
farmers’' cash returns to labor will be substantially lower than the
rural wage rate. However, total income hourly returns are only below
average opportunity costs in the disaster (very poor) state. Village
level studies show that some villages are deserted in drought years as
farmers temporarily migrate out of agriculture in search of off-farm
employment opportunities (see Caldwell, 1975, p. 13-15; Painter, 1987).

Also in these years, large numbers of poor household heads turn to

4. Returns to man-equivalent hours worked in the crop year.
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Table 6.12. Cash and Total Returns to Labor under Alternative
Technologies for Five Weather Patterms.

Cash Income/ Total Income/
Hours Worked Hours Worked

State of Nature Technologys’/ (CFA/hr.) (CFA/hz )
Very Good

(1) 101 163

(2) 104 163

(3) 114 171
Good

1) 76 143

(2) 76 143

(3) 108 185
Normal

(1) 31 97

(2) 58 127

(3) 38 133
Poox ‘

(1) 36 110

(2) 48 111

3) 32 123
Yexy Poox

(1) 10 61

(2) 15 77

(3) 15 74

1/ (1) = traditional technology; (2) = introduction of improved early
maturing varieties; and (3) = introduction of improved agronomy tech-
nical package. Rural wage rate = 100 CFA/hr. (Issa, et al., p. 14).

Source: Model results.
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Table 6.13. Expected Cash and Total Income Returns (Over All States of
Nature) to Labor (CFA/Hour) Categorized by Level of

Technology.
Technology
Improved Improved Agronomy
Traditional Varieties Technical Package
Expected Cash
Income/Hour of
Expected Labor
Time Worked (All
States of §7ture)
(CFA/hour) 70 79 82
Expected Total
Income/Mean Labor
Time Worked (All
States of Nature) 135 142 157
Rural Wage Rateg/
(CFA/hour) 100 100 100

1/ Exchange rate: 318 CFA = $1 (West Africa, October 10, 1988).
2/ Taken from Issa, et al., 1987, p. 1l4.

Source: Model results.

hiring out their labor on fields of richer farmers (Sutter, 1979, p. 72)
in order to generate more cash.

(2) When the imputed value of cereal consumed by the farm
household is taken into consideration in calculating the returns to
labor, farmers make more than the rural wage rate. Therefore, basing
evaluation solely on cash returns underestimates returns to labor.

(3) Total returns to labor increase with transition from tradi-

tional technology to introduction of early maturing varieties and also
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improved agronomy packages. However, in absolute terms the total

returns to labor are very low regardless of technology choice.

6.7. Price Policy Impacts With and Without
New Agricultural Technology

As raised earlier in Chapter II, the current price floors set by
the OPVN for millet and sorghum have been ineffective in preventing
price collapse in good rainfall years. The government of Niger has been
unable financially or administratively to effectively support cereal
prices in these good rainfall years. The impact of price policy with
and without the adoption of new agricultural technology is the subject
of this section.

The estimated impacts of the alternative price lcenarioss (for
millet and sorghum) in the good rainfall years with the three tech-
nologies are shown in Table 6.14. Two points are important: (1) the
expected total income gains from the new price policy and (2) the income
loss to farmers from the price collapse that occurred in the very good
rainfall year when the official price was non-operational.

With the use of traditional technology, total income in the very
good year6 increased by 19 percent when the 50 CFA/kg. suggested alter-
native price is set for cereals. By using improved varieties, and the

improved agronomy technical package, total income increases of 28 and 43

5. The current OPVN price floor is 70 CFA/kg. The alternative price
considered is 50 CFA/kg. The OPVN is the official marketing agency
in charge of cereals.

6. Recall that millet or sorghum were sold only in this state of nature.
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percent, respectively, are achieved with the use of the new price
policy. Therefore, adoption of agricultural technologies will allow
farmers the ability to respond to and capture higher benefits from the
use of agricultural price policy instruments. One can conclude from
these results that technology development programs may have to be given
prior attention before price policy can have a meaningful impact at the
farm level.

In terms of the adoption patterns, the model predicts that the set-
ting of the 50 CFA/kg. price floor has no effect on the technology
choice and production patterns selected under the base price scenario.

- Borsdorf (1979, pp. 33-34) claims that "...the effect of [Nigerien]
government policy on cereal production is essentially ni.l."7 Maina
(1982) also found that millet and sorghum production are not responsive
to official market prices since they are generally subsistence crops.
The desire to first produce for subsistence appears to be the motive be-
hind production patterns. The results of this section agree with these
observations. At these low cereal prices, millet and sorghum will con-
tinue to be low valued crops and produced for subsistence in most years.
The main impact of the price floor at 50 CFA/kg. is in terms of total
income of farmers via the value of increased home consumption made pos-
sible by adoption of agricultural technologies. Farmers desire to meet
consumption requirements of these basic cereals drives them to adopt the
higher yielding agricultural technologies. Price alone has no impact on

these adoption patterns over this price range. The argument then is for

7. Borsdorf’s (1979) observation was not based on any quantitative farm-
level analysis.
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a need to have more viable agricultural technologies which can assist
farmers in moving closer to self-sufficiency in cereal production in
most years. Given the high risks of rainfall variability, production,
storage and exchange of cereals is so precarious that the desire to
satisfy subsistence requirements will continue to be an insurance
strategy for the household. Estimates of marketed surplus are so low
that it is unlikely that a price floor f&r.these subsistence crops can
have much impact. While the government may want to set such a 50
CFA/kg. price floor8 for millet and sorghum, its anticipated impacts
will be on increasing farmer income. Also, such an impact will be mini-
mal in the absence of agricultural technologies at the farm level.

The importance of a price policy is supported by the substantial
income losses that farmers experience in these good rainfall years. The
model predicts that the government’s inability to maintain a 70 CFA/
kg.9 cereal price floors leads to an estimated total income loss of 45
percent with traditional technology, 50 percent loss with adoption of
improved varieties, an&-SS percent loss with the use of the improved
agronomy technical package. Therefore, if the policy was effective,
farmers, by adopting the agricultural technologies, would have obtained

substantial increases in income.

8. Even the operationalization of a price floor policy needs to be
based on the demand elasticity for these cereals and the ability of
the marketing agencies to effectively buy all cereals available for
sale.

9. As compared with the 35 CFA/kg. market price (see Table 2.9) that
occurred with the price collapse of 1986.
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6.8. Sensitivity Analysis of Impacts of Initial
Cash Position of the Farmers on Technology Adoption

The starting cash position of farmers influences the adoption of
agricultural technologies requiring utilization of large amounts of non-
farm inputs. A sensitivity analysis of the farm-level response of the
changes in the initial cash balance of the farmer show that more of the
improved agronomy technical package is adopted with increases in initial
cash levels. Increasing the starting cash position from 7000 CFA to
9000 CFA leads to an 1l percent increase in the use of this technology
in the good rainfall year and 30 percent increases in the normal and
poor rainfall years. When the initial cash position is 11,000 CFA, the
farmer increased the use of the technical package by 40 percent and 55
percent in the normal and poor rainfall years, respectively. Increasing
adoption of these technologies further moved the household towards
domestic grain self-sufficiency.

These impacts of the sensitivity analysis indicate that one of the
éritical problems fatn;rs face which mitigates against increased adop-
tion of agricultural technologies is poor financial resources. There is
currently no government policy to help relax these financial con-
straints. Based on these results, policy makers who wish to encourage
adoption of the technology package should consider the provision of in-
puts to farmers in the form of production credit. Regardless of the
profitability of agricultural technologies, the perennial problems of
liquidity, if not resolved, will continue to discourage adoption of
technologies requiring substantial cash outlays. The issue of liquidity
as it affects technology use is a controversial point in the literature.

Painter (1987) argues that there exists remittances from relatives who
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have migrated into neighboring countries and that these remittances
rather than being used in agriculture are used to diversify the
household away from agriculture. However, it is this author’s view that
provision of inputs in-kind to farmers will accelerate technology adop-
tion. Official credit lending has been tried in the past in Niger and
was unsuccessful. Accessibility and availability of inputs on time ap-
pears to have a more important role to play in the technology adoption

process.

6.9. Summary of Principal Results

The principal model predictions from the analysis in this chapter
are summarized below:

(1) Farmers adopt early maturing varieties in low rainfall years
but late season varieties dominate in the higher rainfall years.
Therefore, by carrying a portfolio mix of cultivars of varying maturity
dates, farmers can adjust production patterns to the ensuing rainfall.

(2). with adoptioﬁ of early maturing varieties, expected farm out-
put over all states of nature was increased by 18 percent compared to
traditional farmer practices.

(3) Regardless of the adoption of early maturing varieties,
farmers could not avoid crop failure in disaster years such as 1984.

(4) Despite the adoption of early maturing varieties, farmers
still face large cereal deficits in low rainfall years, although the ab-
solute amounts of the deficits were lower than those experienced under
traditional technology.

(5) In terms of expected total income (including the imputed value

of home consumption), adoption of early maturing varieties led to an 1l



98

percent increase in returns to the household. Moreover, adoption of
these cultivars reduces the variability of incomes by lowering the risks
of crop losses in low rainfall years. The coefficient of variation of
the expected total income declined from 52 percent to 44 percent with
adoption of early maturing varieties. With the adoption of the improved
varieties combined with improved agronomy practices, the coefficient of
variation of total income declined to 42 percent.

(6) With the adoption of the improved agronomy technical package,
expected total output at the farm level increased by 27 percent compared
to traditional technology and 15 percent compared to adoption of early

-maturing varieties alone.

(7) Adoption of the improved agronomy technical package leads to
the highest gains in expected output thereby moving farmers closer to
domestic cereal grain self-gufficiency in most years (except the dis-
aster year). Improved nutrition and consumption are important to these
small farmers.

(8) Adoption of éhe improved agronomy technical package also sub-
stantially reduces the need for the rural households to deplete their
livestock resources in order to generate cash for cereal purchases in
low rainfall years. For example, livestock sales declined by 50 percent
in normal and poor rainfall years with the adoption of the improved
agronomy technical package. This represents additional indirect income
effects not captured by total income.

(9) With the adoption of the improved agronomy technical package,
expected total income of the farmer increased by 24 percent compared to
traditional technology and by 11 percent compared to adoption of early

maturing varieties.
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(10) Utilization of cash returns to agriculture underestimate__t
agricultural profitability and returns to labor under the alternative
technologies. Using expected cash incomes, farmers earn less than the
rural wage rate under all the three alternative technologies. However,
when the imputed value of subsistence cereal consumption are taken into
account, farmers’ expected total returns to labor are higher than the
opportunity cost of labor. With use of traditional technology, expected
returns to labor is 35 percent higher than the rural wage rate. With
improved varieties aﬁd the improved agronomy technical package, the ex-
pected total returns are 42 and 57 percent, respectively, higher than
the rural wage rate.

(11) In the disaster year, farmers receive substantially less than
the opportunity cost of labor. In such years, food aid and migration
out of agriculture may be necessary to ensure the survival of farmers.

(12) The use of an alternative cereal price floor of 50 CFA/kg. in
good rainfall years has the effect of increasing expected farmer income.
However, at this very iow cereal price, there was no effect of this
price floor of 50 CFA/kg. on the technology adoption pattern at the farm
level.

(13) The initial cash position of the farmer influences the adop-
tion of agricultural technologies requiring non-farm inputs, e.g., the
model predicts that increasing farmers’ initial cash position from 7000
CFA to 11000 CFA will increase adoption of the technical package by 40

percent in the normal rainfall years.
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CHAPTER VII

CONCLUSIONS

Agricultural production in southern Niger is critical to the over-
all agricultural productivity of Niger because the region is located in
one of the higher rainfall zones of Niger (rainfall averages 500-600
mm/year). Increases in farm-level productivity in this region as well
" as nationally have come predominantly from extensification of the cul-
tivated land area. Yields of major crops -- millet, sorghum and cowpeas

1 due to increasing soil degrada-

-- have continued on a downward trend
tion resulting from continuous cultivation, soil fertility loss and
erosion. Worsening the scenario is the low and highly irregular rain-
fall patterns and the poor water retention capability of most of the
soils. -

The sustainability of the farming systems depends upon the develop-
ment of yield-increasing technologies. Technology development programs
have concentrated efforts on the sandy soils of this region on which
millet and cowpeas are predominantly cultivated. There currently exists

technical recommendations to farmers based on on-farm trials’ verifica-

tion of these packages (Reddy, 1988; Issa, et al., 1987; Krause, et al.,

1. For millet and sorghum, aggregate yields have been decreasing
throughout the 1970s and 1980s. For cowpeas, yields have always been
very low (less than 150 kg./ha.) throughout the 1960-1971 period.
Yields have also been declining.
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1987). Among the principal technologies available are new early matur-
ing cultivars, and early maturing cultivars planted at higher densities
with application of moderate levels of chemical fertilization. This
study evaluated the farm-level impacts of these technologies and poten-
tial adoption patterns given farmers’' methods of making sequential
decisions as a response to the stochastic events within the crop season.

The modeling results indicated that farmers by (a) carrying a
portfolio mix of cultivars of varying maturities and (b) making deci-
sions sequentially in the season, can adapt to the ensuing rainfall ‘
patterns. According to the model results, early maturing cultivars
would be adopted in low rainfall years with shorter growing sea;bn
length. The ability of the early season cultivars to avoid crop failure
in these low rainfall years was a distinct advantage. The late maturing
cultivars were adopted in the higher rainfall years with longer growing
season lengths. This portfolio strategy allows farmers flexibility in
crop decisions. The late season cultivars exploit the avaflable soil
moisture and nutrients in the good rainfall years, while the early
season cultivars allow farmers to optimize the scarce water resources in ;
the low rainfall years. Also, the adoption of early season cultivars
reduced the coefficient of variation of total incomes from 52 percent
under traditional technology to 44 percent. Early season cultivars
therefore can be a component of farmers’ risk reduction strategies.

These results have implications for plant breeding programs in
Niger, especially in INRAN, the ICRISAT Sahelian Centre and in the
INTSORMIL collaborative research programs. The future direction of
breeding programs will depend upon the expectations of the Sahelian

rainfall pattern. If the recent low rainfall patterns (and intermittent
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droughts of 1968-1984) are a signal of a permanent change in the
Sahelian weather patterns (Gregory, 1982; Nicholson, 1983; Lamb, 1982;
Lamb, 1983), breeding programs need to be oriented towards early matur-
ing cultivars. An opposing view is that the recent 16 years of dry
weather (1968-1984) only represents another long-run cycle dry period as
seen before in historical records (Bunting, et al., 1976; Landsberg,
1975). In this case, breeders would want to also diversify into im-
proved intermediate and late season cultivars. Such a diversification
may be justified any way since the early cultivars were not adopted in
all weather scenarios simulated.

The different portfolio strategies recommended from the model
results will require an efficient seed market in Niger. Accessibility
to improved seeds will be critical for the successful implementation of
such an adaptive cropping strategy in the face of stochastic factors.

It is suggested that a seed bank be established at the departmental
level to facilitate the production and diffusion of improved cultivars
to farmers at the begiﬁning of the crop season. Model results indicate
that farmers will adopt these early season cultivars if available.

For these small-holder farmers of southern Niger, meeting household
consumption requirements is a precarious problem given the rainfall un-
certainties and yield/price risks in the agricultural system. Improving
the consumption and nutritional status of agricultural households is an
important objective of most Nigerien agricultural development programs.
Moreover, according to the model results and empirical observations,
farmers in this region are not able to satisfy domestic cereal needs in
normal, poor and very poor rainfall years. With traditional tech-

nologies, farmers attained 72 percent cereal self-sufficiency in the
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normal rainfall years, 28 percent cereal self-sufficiency in the poor
rainfall years, and 17 percent cereal self-sufficiency in disaster years
such as 1984, With adoption of improved agricultural technologies,
household nutritional status was enhanced. With adoption of the early
season cultivars plus improved agronomy packages, farmers attained self-
sufficiency in the normal rainfall year and 60 percent self-sufficiency
in the poor year. In disaster years such as i954, no major impact
(i.e., only a 3 percent increase in self-sufficiency status) was ob-
tained, even with adoption of early season cultivars. However, based on
historical rainfall patterns, the evaluation of the probability of this
type of year was extremely low at only 3 percent. The role of emergency
food aid and migration across the frontiers into neighboring countries
such as Ivory Coast and Nigeria is expected to continue to play a major
role in disaster years such as 1984,

Farmers in this region have traditionally sold livestock
(especially small ruminants) to buy grains on the market as an insurance
strategy against crop failure or not being able to meet domestic cereal
requirements. These emergency livestock sales deplete household capital
assets. With the adoption of the early cultivars with improved
agronomy, emergency livestock sales declined substantially, i.e., by 50
percent in normal and poor rainfall years. This is an additional income
effect from adoption of the combined agricultural technology not cap-
tured by the total income estimates. This reduction in forced livestock
sales can play a major role in stabilizing agricultural households’ as-
set positions and lead to higher farmer wealth.

Agricultural incomes in the southern region of Niger (Maradi) are

very low compared to other higher rainfall and heavier clay soil regions
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of neighboring countries in Mali and Burkina Faso. Unfortunatély, Niger
itself has very little of these higher rainfall, better soils regions.
Expected total income estimates with traditional technology (in southern
Maradi) is $167/year. This translates into an adult per capita income
of §56. This estimate compares favorably with the per capita household
income estimate of $65 obtained by Cuevas (1986) in a survey of 896

2 Moreover, agricultural incomes show

agricultural households in Niger.
substantial variability from one year to the next based on the rainfall
patterns. Total income estimates from the model results range from $230
in the excellent rainfall year to $77 in the poor rainfall year. With

- the adoption of early season cultivars alone, expected total farm income
increased to $184. With adoption of early season cultivars and improved
agronomy practices, expected total farm income increased to $208, a re-
spectable 25 percent increase over traditional farmer practices.
Agricultural technology adoption also reduces the variability of total
farm income. The coefficient of variation of total income declined from
52 percent with craditional technology to 42 percent with the adoption
of early cultivars and improved agronomy practices.

Income remittances from migrants are becoming important for these
smallholder farmer incomes (Painter, 1987). Incentives to work outside
of the agricultural sector will increase with economic growth. The ex-
pected total returns to agricultural labor according to model results
range from 42¢ per hour (135 CFA) with traditional technology to 45¢ per

hour (142 CFA) with the adoption of early season cultivars alone, and

2. The rural survey covered five departments of Niger, namely: Niamey,
Dosso, Tahoua, Maradi and Zinder. The survey was done in July-August
1985.
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49¢ per hour (157 CFA/hour) with the adoption of early cultivars anz-ih-
proved agronomy practices. The adoption of improved cultivars plus
improved agronomy practices represents a 57 percent increase above the
average rural wage rate in the Maradi region. This average rural wage
rate of 31¢ per hour (100 CFA/hour) is considered to be the opportunity
cost for this labor. While in absolute terms, these returns to new
technologies are still low, nonetheless, farmers made substantial in-
creases in returns to labor over the opportunity costs by adopting
agricultural technologies.

An important area where urgent government action is needed is in
the area of cereal price floors. In 1986, the second year of moderately
good rainfall in the Sahel, millet and sorghum prices dropped to 35
CFA/kg. compared to 160 CFA/kg. and 144 CFA/kg., respectively, in 1984.
The lack of sufficient budgetary allocations to the official marketing
agencies was one of the major problems for the non-operationalization of
the official price floor of 70 CFA/kg. Based on model results, the
failure to sustain this price floor in the excellent rainfall year had
substantial income impacts at the farm level. If the farmer used im-
proved technologies (at this price floor), total farm income would have
increased by 50 to 55 percent over incomes with traditional tech-
nologies.

Some minimal government policies are required to complement adop-
tion of agricultural technologies and consolidate incomes gained from
the adoption. It is suggested that the government consider setting a
lower but effective price floor for cereals in good rainfall years,
i.e., 50 CFA/kg. With this price floor, total farm income with tradi-

tional technology will increase from $230 to $274 and with the improved
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agronomy technical package, total farm income will increase from $266 to
$392. The combined effect qf the 50 CFA/kg. price floor with the im-
proved agronomy technical package increases expected total income (over
all states of nature) from $167/year to $238 year, a substantial in-
crease of 43 percent. Such a price floor policy will only require
budgetary commitments in good rainfall years to prevent a complete price
collapse. Some governmental support such as this will help sustain in-
terest in dryland cereal production and in the adoption of agricultural
technologies.

The current lack of a production credit scheme in Niger will con-
~ tinue to limit the capacity of farmers with poor capital resources to be
interested in high yielding technologies which require substantial cash
outlays. Based on the modeling results, the initial cash position of
the farmer positively influences the adoption of agricultural tech-
nologies. While agricultural technologies may be profitable at the farm
level, these technologies often necessitate additional cash expenditures
which maﬁy farmers may'not be able to afford in most years. The govern-
ment could consider a production credit scheme where farmers can receive
inputs in kind to facilitate technology use.

The challenges for future agricultural research programs is how to
further increase productivity on the predominantly sandy soils of this
region. This is not an easy task given the highly fragile ecological
environment. The poor soil fertility and low water retention of these
soils will necessitate that research efforts be directed towards millet
and cowpeas which do better under these conditions than sorghum.

Cowpeas may have a major role to play in transforming the agricultural

system and farmer incomes. First, in most years cowpeas prices are two
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to three times those of millet and sorghum. Second, the proximity of
southern Maradi to the large urban demand centers of northern Nigeria
can serve as an impetus to increased cowpea cultivation (Elliot Berg
Associates, et gl., 1983, p. 61). Cowpeas are a major staple food in
Nigeria. However, a technology program which seeks to appropriate the
potential of cowpeas will need to address the serious problems of in-
sects, pests and diseases which drastically reduces cowpea yields under
farmers’ conditions and in storage. It also appears from model results
that sole cropping of early cowpeas (after millet and sorghum estab-
lishment) in low rainfall years offers a good potential for farmers to
operate a successful sequential cropping strategy.

Given the poor ecological environment of these farming systems,
plant breeders cannot be expected to produce varieties that are high
yielding, resistant to biotic and abiotic stresses and which perform
well under the varied agro-ecological conditions. It appears that too
much is being expected from agricultural research programs, gften too
soon. Tﬁe process of technology development and diffusion takes time.
Commitment on the part of USAID and various governmental agencies to
long-time investments in research and institutional building will be
crucial for the overall agricultural development of Niger. While the
available technologies evaluated in this study have important (although
small) impacts on farmer incomes, more research efforts are needed to
substantially boost agricultural production. Measures are clearly
needed to improve the agronomic environment of these sandy soils. Also,
the potentials for small scale irrigation schemes which can help stabi-

lize the agronomic environment may be needed. Without investments in
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improving the water retention and low soil fertility of these sandy
soils, it is not likely that major yield increases can be obtained.

Given the level of poverty in this agricultural system, it is
doubtful if farmers will have enough capital resources to sustain tech-
nology adoption in the absence of governmental assistance. With the
increasing external debt position of Niger, the government has pursued a
policy of price-realignment (under pressures from the World Bank) which
involves drastic reductions in subsidies on agricultural inputs
(Appendix Tables B.4 and B.5). Also, subventions to the agricultural
agency in charge of input supply to farmers (Central d’Approvision-
nement) have been drastically reduced in the past few years (Appendix
Table B.6). Farmers cannot be expected to bear all the heavy financial
burdens of investments in agricultural technologies requiring substan-
tial cash inputs. The peasant farmers have poor resources, and
commitment on the part of the government to continue subsidization of
agricultural inputs will be important to long-term sustainability of the
technology adoption process in Niger.

Also, given the high risks to agricultural investments, farmers
cannot be expected to bear all the risks. In developed economies, there
are measures that prevent price collapses. The government of Niger will
need to address the issue of the precipitous fall in cereal prices in
good rainfall years and put in place an effective cereal price floor.

Since in low rainfall years farmers cannot meet cereal subsistence
requirements, more governmental support will be needed in food assis-
tance programs. This will require the operation of an effective buffer

stock policy and emergency food delivery schemes to assist farmers.
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Moreover, the long-term solution to these cereal deficits lies in the

development of appropriate high yielding technologies.

7.1. Suggestions for Future Research

The present study has shown that in absolute terms, agricultural
incomes are low in this region even with adoption of currently available
agricultural technologies. An issue not considered, however, is the
role of remittances from family members, who have migrated, on the farm
household decision-making process. Evidence in the literature suggests
that the remittances are spent mainly on buying cereals to satisfy con-
sumption requirements (Painter, 1987). Very little is invested in
agricultural production. This lack of investment in agriculture is
hypothesized to be due to the lack of profitable and low-risk tech-
nologies for adoption. With the existence of current profitable and
less risky technologies, it could well be that this view may change. It
is therefore suggested that a future study be conducted to develop a two
sector model to link agricultural households to the external economies
in migrants’ destination. Such a model can then look at impacts of
migrants’ incomes remittances to the remaining farmers on the technology
adoption process.

Also important is a study into the comparative analysis of produc-
tion patterns and farmer risk attitudes in rainfed versus irrigated
farming systems of Niger. This present study looked at the rainfed
agricultural sector. With the second phase of Purdue University'’'s Niger
Project in operation now, such a study should be facilitated. An in-

depth field survey will be needed in this regard.
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Finally, the role of sorghum in the farming system needs to be in-
vestigated. There are currently no on-farm farmer-managed trials on the
performance of sorghum varieties developed in Niger. While there exists
a limited number of potential sorghum lines (e.g., the pre- and post-
flowering drought resistant varieties such as P-898012 and P-954035
developed at Purdue University), the actual farm-level performance of
these varieties under farmer management needs to be evaluated. As a
component of farmers' crop mix, any gains in sorghum output will also

contribute further to farmers'’ consumption objectives.
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Appendix A

Table A.1. Estimated Cereal Consumption in Niger by Various Studies and
the Government of Niger Estimates (Kilogram per Capita per

Year).
Population —Consumption Estimates
Group 1 2 3 4 5 6 7 B
Rural Sedentary 212.8 250.0 - - - 480.11 339.5 -
Nomad 120.0 - - - 200.0 290.3 - -
Urban 140.0 - - - - 364.3 - -
Total 190.5 - 220.0 250.0 - - - 186.0

1. SEDES, Les Produits Vivriexs du Nigex, Paris, 1963.

2. Becker, John, An Analysis and Forecast of Cereals Availabilicy in
the Sahelian Eptente States of West Africa, USAID, January 1974.

3. University of Michigan,
Grains, Volumes I and II, CRED, CILSS, Club du Sahel, August 1977,

4. Current Estimate, Ministry of Rural Development, GON.

5. Burke, R., H. Vandermeulan, and H. Weijo, Rapport Concermant les
2;gdui;g_!ixzigzg_;u_ﬂiggz HM Associates Limited, ACDI, January
1971.

6. Eddy, E.,
Nigexr, CRED, University of Michigan, July 1979.

7. Daves, T. and J. Elterich, Several Aspects of Marketing and On-Farm
Conseil d 1'Entente, April 1978. '

8. CILSS Report on Niger, unauthored, undated.

Source: Roe Borsdorf, 1979. Marketing Profile: Cereal and Cash Crops,

, Vol. II, Part F, USAID,
Niamey, Niger, p. 5.



119

Appendix B
Genexral Macro-Economic Background on Nigex
and the Agricultural Sector

Niger, with a population of 6.6 million, has been experiencing an
annual population growth rate of 3.0 percent. Average life expectancy
(as typical of the Sahelian countries) is low, at 44 years. Fifty-five
percent of the population constitute the active labor force (15-54
years). Moreover, the agricultural sector is the primary employer of
labor, accounting for 91 percent of the labor force in 1980 (Table B.1l).

While agricultural production is important to the overall economic
growth of Niger, its percentage contribution to the gross domestic
product (GDP) has declined in the last 20 years. The agricultural sec-
tor’s contribution to the GDP declined from 68 percent in 1965 to 46
percent in 1986 (Appendix Table B.2). As Niger vigorously pursued the
mining and exportation of uranium, mining and other natural resources
exploration have increased their relative contribution to the GDP com-
pared to agriculture. The share of fuels, minerals and metals (mainly
uranium) in merchandise exports grew from 0 percent in 1965 to 81 per-
cent in 1986 (Table B.3.). The price of uranium grew phenomenally in
1974-1979, leading to expansion of export earnings from $55 million in
1975 to $477 million in 1980. Presently, the economy of Niger is under-
going an economic crisis with the fall in uranium world prices in 1981.
Compounded with the depreciation of the CFA in the early 1980’s, the big
drop in uranium prices led to a precipitous decline in export earnings

from $477 million in 1980 to $278 million in 1982 (Toh, 1987). The
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structural adjustment program initiatives following the increasing ex-
ternal debt crisis of Nigerlhas resulted in the streamlining of prices
and substantial reductions in government subsidies on many agricultural

input32 (Tables B.4 and B.5).

1. For a detailed discussion of Niger'’s external debt situation, see
Toh (1987).

2. The Government of Niger’s agency in charge of agricultural input
deliveries is Centrale d'Approvisionnement (CA). The trend of
financial allocations to this agency is shown in Table B.6.
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Table B.5. Percentage Subsidies on Agricultural Inputs in Niger, 1985-

1988.
Pexriod
June 1985 _  June 1986 _  Jupe 1987 _ June 1988
Agricultural
implements 50 33 20 15
Fertilizer 30 33 20 20

Source: Adapted from records of Union Nigerienne de Credit et de
Cooperation (UNCC).

Table B.6. Evolution of Government of Niger's Financial Allocations for
Agricultural Inputs Delivery by Central d’Approvisionne-

ment,
Amount Agency Amount Percentage

Year Reguested Given Covered
1973/74 50,000,000 35,000,000 70
1974/75 97,500,000 40,319,000 41
1975/76 121,185,060 80,865,000 66
1976/77 367,257,000 338,000,000 92
1977/78 655,000,000 370,000,000 56
1978/79 1,345,000,000 480,000,000 35
1979/80 1,551,110,000 450,000,000 29
1980/81 1,582,290,000 600,000,000 38
1981/82 1,584,000,000 600,000,000 37
1982/83 1,134,000,000 300,000,000 26
1983/84 1,100,000,000 550,000,000 50
1984/85 1,100,000,000 300,000,000 27
Source: ! , Ministere du Developpement Rural,

Republique du Niger.
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Appendix C

Table C.1. Millet Yields Estimates ("Very Good" State of Nature).

—JYield Estimates (kg./ha.)

(1)8/ )%/
Improved millet sole crop 561 381
Local millet sole crop 660 396
Local millet/local sorghum 468 304
Local millet/local sorghum/local cowpeas 425 276
Local millet/local sorghum/improved cowpeas 383 249
Improved millet/improved cowpeas 341 221
Local millet/local cowpeas 440 286
Improved millet/improved cowpeas at
higher planting densities plus 50 kg./ha.
of urea and 50 kg./ha. simple super
phosphate 6279/ 6272/

8/ With the exception of the last cropping system, all initial yield es-
timates were computed from yields for the "good" state of nature by
assuming incremental effect of 10 percent.

b/ Initial yield estimates discounted with the exception of last crop-
ping system.

s/ Actual yields obtained in on-farm trials by the National Agricultural
Research Center of Niger (INRAN) in the village of Maiquero in 1986,
an excellent rainfa;l year. (Source: Krause, et gl., 1987).



127

Table C.2. Millet Yield Estimates ("Good" State of Nature).

—Yield Estimates (kg./ha.)

s/ %
Improved millet sole crop 510£/ 381
Local millet sole crop 6002/ 360
Local millet/local sorghum 430§/ 280
Local millet/local sorghum/local cowpeas 387 251
Local millet/local sorghum/improved cowpeas 348 226
Improved millet/improved cowpeas 310§§ 201
Local millet/improved cowpeas 279 181
Local millet/local cowpeas 4009/ 260
Improved millet/improved cowpeas at high
planting densities plus 50 kg./ha. of
urea and 50 kg./ha. of simple super- b/ b/
phosphate 627 627

a/ Yield obtained in on-farm trials by INRAN (Maiquero village) in
1986, for treatment #2, {.e., improved millet + improved cowpeas +
higher plant density (source: Krause, et al., 1987).

L/ On-farm trial result for treatment #1 (Maiquero village) in 1986, in
trials conducted by INRAN (source: Krause, et gl., 1987).

¢/ Based on the well documented better performance of local long-season
varieties in good rainfall years (see Andrews, 1987; Andrews and
Kassam, 1976). The yield for this cropping system in Swinton (1987)
data set was 445 kg./ha. This is considered to be the lower bound
estimate for yield in this state of nature.

4/ Survey estimate by .Swinton (1987) for this activity in 1985. This
is used here as a lower bound initial estimate for the "good" state
of nature.

e/ Swinton (1987) estimate for sole crop millet was 647 kg./ha.
However, this survey had very high coefficient of variation and
these were often estimates on one or two fields. Therefore, yields
in general are much lower than reported in that survey. Using the
yield difference between sole crop millet and millet/cowpeas (i.e.,
202 kg./ha.) in that survey, the initial yield of sole crop millet
was estimated by adding the difference to the base yield of millet/
cowpea system.

£/ Based on the better performance of local varieties in good rainfall
years (Matlon, 1987; Andrews, 1987), yields of improved varieties
were increased by 15 percent, an estimated yield impact supported by
Matlon (1987).

g/ Discounting initial yield estimates.

b/ Actual on-farm trial data (source: Krause, et gl., 1987) in village
of Maiquero in 1986.

i/ Initial yield estimates.
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Table C.3. Millet Yield Estimates ("Normal" State of Nature).

—Yield Estimates (kg./ha.)
ot/ V34
Improved millet sole crop 38&§§ 250
Local millet sole crop SGAQ/ 236
Local millet/local sorghum 3225/ 209
Local millet/local sorghum/local cowpeas 2062/ 134
Local millet/local sorghum/improved cowpeas 238‘/ 155
Improved millet/improved cowpeas 3585/ 233
Local millet/local cowpeas 284 165

Improved millet/improved cowpeas at higher

planting densities plus 50 kg/ha. of

urea and 50 kg./ha. of simple super-

phosphate 5903/ 5903/

a/

s/
8/

e/

b 74
8/

b/

From on-farm trials conducted in the village of Maiquero by INRAN
during the 1985 crop season. Note that in this year improved cow-
peas (TN-88-63) were not available and so the researchers used local
varieties as a proxy in treatment #2 (source: Ly, et al., 1986, p.
5, p. 16).

In trials conducted at Tarna Station ( !

, Section de l’Agronomie General, Maradi, INRAN) using
millet-covwpea systems, the difference between sole and intercrop
yield was 80 kg./ha. Same yleld differential is used here to derive
the yield estimate.

Varietal effect of 20 kg./ha. in this rainfall scenario.

Swinton (1987) survey estimates in Maiquero village show that dif-
ference between millet sole crop and that of millet/sorghum
intercrop was 42 kg./ha. Based on this, the initial yield estimate
for local millet/local sorghum intercrop were estimated from the
sole crop yield.

Based on observed yield differences in survey of Maiquero cropping
systems reported by Swinton (1987). Differences of 116 kg./ha. was
observed between millet/sorghum and millet/sorghum/cowpeas in 1985
survey. Estimates here preserve that trend.

Initial yields discounted.

On-farm trial yield for improved agronomy technology in Maiquero
village (source: Ly, et al., 1985).

Initial yield estimates.
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Table C.4. Millet Yield Estimates ("Poor" State of Nature). T

—Xield Estimates (kg./ha.)
¥/ b/
Improved millet 2542// 175
Local millet 23&£/ 152
Local millet/local sorghum 136£/ 88
Local millet/local sorghum/local cowpeas 134f/ 87
Local millet/local sorghum/improved cowpeas 154 120
Improved millet/improved cowpeas 1802; 125
Local millet/improved cowpeas 1682/ 109
Local millet/local cowpeas 154 100

2/ Calculated from on-farm trial 1987 result for Maiquero village.
Intercropped millet-cowpeas yield in the trial was 154 kg./ha.
Moreover, Rapport de 1‘Agronomie Cenergle Campagne 1984, Maradi,
Niger found that difference between sole cropped millet and inter-
cropped millet with no fertilizer is 80 kg./ha. Therefore, 80
kg./ha. was added to the reported yields in the on-farm trial
treatment #1 for Maiquero in 1987.

b/ Varietal yield effect of 9 percent over local variety.

g/ Yields for improved millet/improved cowpeas are for treatment #2 in
1987 Maiquero on-farm trials. Yields for local millet/local cow-
peas are ylelds for treatment #1 in 1987 on-farm trials.

4/ Local millet/improved cowpea yield based on varietal impact of 9
percent from utilization of improved cowpeas. This rate was
adopted from
Agxopomie Generale, INRAN, 1985, p. 14.

e/ Adapted from Unite Suivi de’Evaluation (1986, p. 14).

£/ Based upon a yield increase of 20 kg/ha. over local millet/local
sorghum/local cowpeas. :

g/ Initial yield estimates.

h/ Initial yield estimates discounted.

1/ Intial yield estimates.
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Table C.5. Millet Yield Estimates ("Very Poor" State of Nature).

—Yield Estimates (kg./ha.)

a3/ A
Improved millet sole crop 1603/ 104
Local millet sole crop 1403/ 91
Local millet/local sorghum 113ﬁf 73
Local millet/local sorghum/local cowpeas 111 o/ 72
Local millet/local sorghum/improved cowpeas 121h/ 78
Improved millet/improved cowpeas 166h/ 107
Local millet/local sorghum 126 82
a/ Yields in trials at Magaria in 1984. Rainfall was 217 mm in this

b/

&/

area. (Source: Rapport de l'Agronomie Generale Campagne, 1984,
Section d’Agronomie Generale, Maradi, Niger.

Synthesized from: Unite Suivi d’Evaluation (1986), Les Systems de
Culture au Sud du Departement de Maradi: Analyse des Pratiques

Projet de
Developpement Rural de Maradi. The survey estimates were discounted
by half. This is based on the observation that millet yields
reported for similar areas in
{1984), INRAN/Maradi, was half those reported in this survey. Hence
to streamline the baseline yield values, such adjustment was neces-

sary.

Based on better performance of improved varieties in low rainfall
years. This expected yield performance is 13 percent, an estimate
close to those in literature on millet in West Africa (Matlon, 1987;
Andrews, 1987).

Initial yield estimates discounted to farm level.

e/ Initial yield estimates.
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/
Table C.6. Yields of Alternative Cropping Systems (Cowpeas) ("Good"
State of Nature).

Cropping System Xields (kg./ha)
Local millet/local sorghum/local cowpeas 134

Local millet/local sorghum/improved cowpeas 67‘/

Improved millet/improved cowpeas sah/

Local millet/improved cowpeas 67£/

Local millet/local cowpeas 134

4/ Actual yields (in treatment #2) from on-farm trials in the village
of Maiquero in 1986. The trials were conducted by the Economics
Division of INRAN (DECOR). (Source: Krause, et al., 1987).

b/ Actual yleld from on-farm trials in the village of Maiquero. This
value is for treatment #1 in that trial, i.e., local varieties of
millet and cowpeas planted at farmers’ traditional densities.
However, in this year improved cowpeas (TN-5-78) were used in this
treatment. (see: Krause, et gl., 1987, p. 23).

¢/ Local varieties do better in good rainfall years compared to early
maturing varieties.
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Table C.7. Yields of Alternative Cropping Systems (Cowpeas) ("Normal"
State of Nature).

Cropping System Yields (kg./ha.)
Local millet/local sorghum/local cowpeas 5025

Local millet/local sorghum/improved cowpeas 108‘/

Improved millet/improved cowpeas 12h/

Local millet/local cowpeas 4

Local millet/improved cowpeas 8

a/ Actual yield from on-farm trial in 1987 at the village of Maiquero.
This is the yield for treatment #2, i.e., improved millet + improved
cowvpeas planted at farmers’ traditional plant densities. (Source:
Departement de Recherches en Economie Rurale. Institut National de
Recherches Agronomiques du Niger. Data obtained from M. Krause.)

* b/ Actual yields from on-farm trials in 1987 at the village of Maiquero.
This value {8 for treatment #1, i.e., these local varieties planted
at farmers’ traditional plant densities. (Source: Same as g/
above.)

S/ Based on 20 percent yield increase over the "poor” yield.
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Table C.8. Yield Estimates of Alternativegyropping Systems (Cowpeas)
("Very Poor" State of Nature).

Cropping System Yields (kg./ha.)
Local millet/local sorghum/local cowpeas 175/

Local millet/local sorghum/improved cowpeas SOh/

Improved millet/improved cowpeas 389/

Local millet/improved cowpeas 26‘/

Local millet/local cowpeas 13

8/ Actual recorded yield for this cropping system in Swinton (1987) sur-
vey of farms in region of study.

bk/.s/ Synthesized from g/ based on the fact that improved early maturing
varieties yield better in low rainfall years.

4/ These values were adapted downwards by factor of 2 to generate dis-
tribution of yields in this disaster year when farmers suffered
substantial crop failure. Yields for the "poor" states of nature
were adapted from these estimates.

¢/( Actual average yield for this cropping system in three villages of

Arrondissement de Madarounfa (i.e., Maiquero, Rigial Oubandawaki and
Kandamao) reported in Swinton (1987).

Table C.9. Sorghum Yields Estimates ("Very Poor" State of Nature).ﬂ/

Cropping System Xields (kg./ha.)
Local millet/local sorghum 12h/
Local millet/local sorghum/local cowpeas 1oh/
Local millet/local sorghum/improved cowpeas 309/

8/ A disaster year of widespread crop failure.

b/ Average yield in three villages (Kandamao, Maiquero, and Rigial
Oubandawaki) in region of study. (Source: Computed from Swinton,
1987).

¢/ Assuming varietal impact of early cowpeas increases yields.
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Table C.10. Sorghum Yield Estimates ("Normal" State of Nature).

Cropping System Yields (kg./ha,)
Local millet/local sorghum 109:5

Local millet/local sorghum/local cowpeas 56‘/

Local millet/local sorghum/improved cowpeas 74

8/ Actual yields obtained by manual traction households in the village
of Maiquero in 1985 crop season. (Source: Swinton, 1987).
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Additional Notes on Sorghum Yield Estimates

Yields for the corresponding cropping systems under the "very
good", "good" and "poor" states of nature were synthesized from the
baseline values of the "normal" and "very poor" states of nature,
respectively. Yields in the "very good" state of nature are assumed 40
percent higher than those in the "good" state of nature; yields in the
"good" state of nature are assumed doubled over that in the "normal"
state of nature, and finally, yields in the "poor" state are assumed

lower than yields in the "normal" state by 40 percent.
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Table C.11. Probabilities of States of Nature.“/

State of Nature
Very Good  Good  Normal® Poor  Very Poor
Rainfall (mm/year) > 594 484-594 350-483 267-349 < 257

Initial Probabili-

ties 0.30 0.2 023  0.19¢ o0.04&
Probabilities e/
Estimates Used 0.34 0.24 0.23 0.16 0.03

a/ Based on annual rainfall in Maradi Region of Niger from 1961 to 1985.
b/ The average annual rainfall in this period was 483 mm/year.

&/ Several authors have argued that the recent low rainfall patterns
(characterized by "poor"” and "very poor" states of nature,
respectively) are a temporary cyclical phenomena (see: Bunting, et
al., 1976; Landsberg, 1975). Therefore, the probabilities of these
states of nature were adjsuted downwards and the estimate for the
"very good” state of nature adjusted upward.
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Akin Adesina was born on the 6th of February, 1960 to Roland and
Eunice Adesina. He attended Ejigbo Baptist High School from 1970 to
1974 where he passed the West African Ordinary Level Examinations in
Grade 1 division. He later attended the Ibadan Polytechnic where he
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- Admitted to the University of Ife, Nigeria in 1977, he studied for a
Bachelor'’'s Degree in Agriculture with specialization in Agricultural
Economics. He completed the degree in 1981 in the First-Class Honors
Division and was the first candidate to qualify for this degree with
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He worked briefly as a Graduate Assistant in Agricultural Economics
at the University of Ifo, Nigeria before commencing his graduate study
program at Purdue University in 1983. He completed both the M.S. and
Ph.D. degrees in Agricultural Economics at Purdue University. He com-
pleted the graduate program with a grade point average of 5.84 out of
6.0. He worked as a Graduate Instructor in Research under the INTSORMIL
PRF-5 project.

A Federal Government of Nigeria Scholar, he was also inducted into
two international honors societies at Purdue University in recognition
of high scholarship and contribution to agriculture. He was awarded the
Rockefeller Foundation Social Science Post-Doctoral Research Fellowship

in 1988. He will be working as the Assistant Principal Economist for
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the International Crop Research Institute for the Semi-Arid 'rropi.cs—_'
(ICRISAT) on the West African Regional Sorghum Program.
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