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Preface

. Rice may be grown as an upland crop or as lowland wet rice.
Demand is rising. Which type of rice cultivation deserves more
emphasis in production development? Traditionally African far-
mers produced upland rice. In African agricultural production
development, however, the emphasis during the last two decades
has mainly been on irrigated lowland rice. The Asian experience
seems to indicate that this is the modern and effective way to
produce rice under tropical conditions.

Research in West Africa, however, indicates that in certain
semi-humid and humid environments upland rice gives high yields,
is profitable from the farmers' and the national economy's point
of view, and may significantly contribute to the total rice out-
put. Upland rice does not need to be produced in shifting systems.
It may become - under certain edaphic and climatic conditions -

a suitable crop for ecologically balanced systems of permanent
farming.

This book informs about the economics of upland rice production
in the Ivory Coast, where various types of upland rice are grown
and where long-term research results are available. Much of the
experienc. in the Ivory Coast is of value for upland rice produc-
tion in general.

Hans Ruthenberg
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Introduction

Rice is one of the most adaptable crops in the world. It
grows with millet, maize or groundnuts in the semi-humid
regions, without irrigation and dependent only on rainfall
as well as on river plains that are often flooded to a depth
of several metres. It thrives in tropical lowlands, but is
cultivated in Asia at altitudes of more than 3,000 metres
above sea level, It is cultivated not only with simple hand
implements by small farmers in shifting cultivation systems,
but also in fully mechanised largescale farms where aerial
sowing is practised.

The importance of rice in Asia is known, where about 9/10ths
of the world's rice area is to be found. But rice has also
acquired considerable importance in various countries in
Africa. Leaving Egypt and Madagascar aside, this is parti-
cularly true of West Africa, where rice has for a long time
been the staple food of the population over wide areas. In
these regions, the per capita rice consumption reaches levels
comparable with those in Asia. With few exceptions, these
regions are almost exclusively upland rice cropping areas.

Even in those countries where most of the rice was produced
by rainfed cultivation, development efforts to increase rice
production in the past were concentrated on promoting wet
rice cultivation. It is only in recent years that political
decision makers have given more consideration to the devel-
opment of rainfed rice cultivation as an alternative. The
purpose of this study is to examine, from an economic point
of view, to what extent and under what conditions the devel-
opment of rainfed rice production is both profitable at the
farm level and feasible from the macro-economic point of
view and thus able to help solve the problem of supplying

a growing population with rice. This analysis is based large-
ly on data from Ivory Coast, although the basic conclusions



can be applied to other West African countries where simi-
lar natural conditions prevail,



1. Rice Production in West Africa

1.1 Extent and Significance of Rice Cultivation

In a world-wide context, Africa is an insignificant produ-
cer of rice. Taking an average of the years 1970 to 1974,
only about 2.3 ¥ of the world production of rice was attain-
ed from approximately 3 % of the world's rice area (WARDA
1975a, p. 478). About half the rice cropping area on the
African continent is found in West Africa1 , although its
share in production amounts to only some 30 %.

For a long time rice has been a plant which has been culti-
vated in West Africa, PORTERES (1950, p. 491) assumes that
the species Oryza glaberrima STEUD., whose origin is presumed
to be in this region, was cultivated as long as 3,500 years
ago in the inland delta of the Niger. The "asiatic" rice

Oryza sativa L. only came to West Africa with Portuguese
sailors towards the end of the 15th centuryz), and there-
after displaced the African species more and more (ANGLA-
DETTE 1966, p. 16). Oryza glaberrima is still grown today

to a limited extent in the inland delta of the Niger and

in the mountain regions of the Upper Guinea Rift (MOHR 1969,

p. 35), but it is becoming increasingly important in rice
breeding on account of its resistance to various diseases
and pests (CHABROLIN 1977, p. 12),

In 1975 more than two million hectares of rice were culti-
vated in West Africa. Total production amounted to 2.3 mil-
lion t paddy3) (FAG 1976a, p. 62). The importance of rice

1) Benin, Gambia, Ghana, Guinea, Guinea Bissau, Ivory Coast,
Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sier-
ra Leone, Togo and Upper Volta.

2) It is not impossible, however, that Oryza sativa came to
West Africa even earlier on caravan routés via North
Africa (MOHR 1969, p. 33).

3) Paddy (husked rice) is the harvest product of the rice
plant, the rice grain being still enclosed by the husk.
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in the various countries differs greatly, however, In
Guinea Bissau, Liberia and Sierra Leone, rice is the staple
food of the population. The per capita consumption of rice
in these countries is over 100 kg per year, and is thus at
@ level that is otherwise found only in Asia. The same is
true of extensive parts of Ivory Coast, Gambia, Guinea,
Mali and Senegal, with the average consumption in these
countries ranging between 50 and 90 kg rice per person and
year ., In the other countries, rice has only local impor-
tance: the average consumption per inhabitant is low and
amounts to 5-10 kg rice annually,

The most important rice producing countries of West Africa
are Sierra Leone, Ivory Coast, Guinea, Liberia and, on ac-
count of its size, Nigeria, More than 80 % of the total pro-
duction of the region comes from these countries (see Table
1.1), which are in general regions with relatively high
rainfall, where in some cases rice cropping has been prac-
tised for centuries and has constituted the population's
basis of life {USAID 1968, Pp. 13 et seq.). Although the
growth of rice production in West Africa has been about

3.8 % per annum in the past 15 years, and thus above that

of the population, most West African countries are still

not in a position to satisfy their needs for rice complete-~
ly from their own production2 . About one quarter of the
rice consumption in the region has to be covered by imports,
As we can see from Table 1.2, only Niger, Upper Volta and

to a certain extent Guinea have succeeded in reducing rice
imports to any notable degree since the beginning of the

1) Mali is an exception with about 20 kg, because rice
cropping is mainly restricted to the inland delta of
the Niger and the extreme south of the country.

2) Niger, Nigeria and Upper Volta are now largely self-suf-
ficient., In these countries only rice of very high qua-
1ity, that is not locally produced, is imported,



Table 1.1: Development of rice production in West Africa

Area (1000 ha) Production (1000 t paddy)

1961-65 1970-72 1973-75 1961-65 1970-72 1973-75
Benin 2 4 4 1 6 7
Gambia 26 27 3 33 38 AN
Ghana 33 58 72 34 57 87
Guinea 277 413 408 268 367 358
Guinea Bissau 66 30 37 48 36 30
Ivory Coast 249 286 319 220 347 404
Liberia 232 142 168 162 163 193
Mali 175 143 125 170 146 13
Mauritania * 1 1 1 2 . -
Niger 9 15 = 19 11 27 37
Nigeria 180 296 288 212 454 424
Senegal 76 79 74 - 100 81 78
Sierra Leone 273 337 367 336 464 491
Togo 23 25 23 19 17 14
Upper Volta 45 37 40 33 34 36
West Africa 1666 1893 1976 1648 2239 2303
Africa 3200 3995 4128 5480 7425 7108

- = data not available
* = < 1000

Source: FAO (1976a, p. 62); WARDA (1975a, pp. 438 et seq.).

sixties1)‘ In all the other countries, the need to import

rice has since risen, in some cases considerably, even though
in some of them the efforts made in the past to promote rice
production are now coming to fruition, and imports have been

1) In 1975 the import of rice in Ghana and Ivory Coast was
negligible. This was attributable on the one hand to the
good harvests in 1374/75 and on the other to the demand
for rice having noticeably declined on account of the
sharp rise in the consumer price (SODERIZ 1977, p. 5).

In 1976/77 rice imports increased again in both countries,



Table 1.2: Development of rice consumption and rice imports in West Africa (annual averages)

Consumptiona] (1090 t) Imports (1000 t) Value of imports (1000 uss)

1961-65 1970-72 1973-75 1961-65 1970-72 1973-75 1961-65 1970-72 1973-75

Benin 5 12 11 4,801 7,933 6,733 699 1,224 2,223
Gambia 29 35 32 8,560 10,757 12,727 1,056 1,155 3,148

Ghana 52 75 98 29,979 37,536 40,895 6,414 6,213 15,021
Guinea 202 257 256 32,920 25,670 30,400 5,237 3,933 10,533
Guinea Bissay 35 44 44 4,790 20,859 24,697 594 2,566 7,832
Ivery Coast 186 303 328 47,731 84,384 74,170 5,992 8,017 24,709
Liberia 172 134 153 32,476 48,316 37,050 5,070 8,274 13,923
Mali - 115 115 - 20,015 41,430 - 2,563 14,518
Mauritania 7 17 30 7,000 15,900 30,000 966 1,839 6,200
Niger 9 18 24 2,015 403 301 321 79 121
Nigeria 129 275 257 1,280 2,632 2,291 282 647 1,061
Senegal 204 212 224 138,433 108,883 172,501 14,415 15,174 64,464
Sierra Leone 229 325 341 14,414 27,584 26,549 1,942 3,502 8,093
Togo 15 13 14 2,921 2,217 4,885 407 362 1,299

Upper volta 24 22 23 3,234 1,320 * 545 180 *
West Africa 1,369 1,875 1,956 330,554 464,412 504,674 43,940 55,278 166,945
- = data not available

* = < 1000

a) Total of imports and local production
Source: FAQ (1976a, p. 62) and FAD (1976b, p. 133).



declining since the beginning of the decade., We note at pre-
sent for West Africa as a whole, however, that the imports
are still increasing. In 1975, approximately 500,000 t of
rice were imported, corresponding to a production volume of
about 800,000 t of paddy.

Because of a shortage of supply on the world market, the
prices of rice increased very sharply in 1973/74. During
1970/72 the average import price for West Africa was 120 US
§/t, which rose to an average of about 400 US $/t in 1974,
whereas towards the end of that year record figures of over
600 US $/t were reached (WARDA 1975a, p. 449). This increase
of the world market price for rice led to a rapid growth in
the need for foreign exchange, even in those countries that
had been able to reduce rice \mports (see Table 1.2). Com-
pared with the period 1979/72, rice imports increased during
1973/75 by an average of 8.7 %, whereas expenditure of for-
eign exchange has more than trebled.

In the following years, the situation on the world market
has stabilized again as a consequence of the good rice har-
vests in 1975/76 in Asia. The c.i.f. import prices (West
African coast) have dropped to 200-300 US $/t rice, but are
still twice as high as during 1970/72.

1,2 Types of Rice Cultivation and Their Occurrence

A whole range of different types of rice cultivation are
found in West Africa, according to the variation found in
the natural conditions. But cropping is not limited by na-
tural factors alone, because socio-cultural influences and
the impact of agricultural development programmes also play
an important role (MOHR 1969, pp. 24 et seq.). The spread

of individual forms of cropping from their original crop-
ping areas to other regions occurred first of all through
migration by the rice-growing ethnic groups who were anxious



to retain their consumption and cultural habits in their
new environment (HAERINGER 1969, pp. 11 et seq.).

Today, however, the influence that predominates comes from
the State, As a result of agricultural development program-
mes in a region, new forms of rice cropping may be adopted
or rice as a new crop may be grown,

Table 1.3 presents details of the various types of rice cul-
tivation and the main regions where they are practised in
Hest Africa1). The transition from one type to another is
sometimes smooth, and in practice we find many intermediate
forms that cannot always be clearly categorised under any one
type of cropping in this chart,

The terminology of rice cultivation is not uniform., A gen-
erally satisfactory classification of the types of rice
cropping has not yet been developed. In general we differen-
tiate roughly between wet rice (riz aquatique) and cropping
on non-irrigated land (dry system, upland rice, rainfed
rice, riziculture séche or riz pluvial)(GRIST 1959, p. 113;
ANGLADETTE 1966, p. 223; MOHR 1969, p. 37)2). This differen-
tiation is adequate to denote the terms to be used in this
study. Here the terms "rainfed rice" or "upland rice" are
used to denote those typesof cropping where the water su-n-
ply to the plant is wholly dependent on rainfall. In con-
trast, "irrigated" or "wet rice" cultivation describes all
forms of cropping in which measures of any kind are taken
specifically to control the water supply to the plant so
that the amount of water applied exceeds the rainfall.

Cropping forms in which the roots of the rice plant draw on
the groundwater (rainfed rice, riz pluvial sur nappe) or
where the rice plants stand for a certain period of time in

1) See Appendix 1I.

2) Other authors differentiate according to the possibili-
ties of water control (see JACQUOT 1973, p. 25), which
usually gives rise to a different classification,



Table 1.3: Types of rice cultivation and their occurrence in West Africa
Taole 1.°

TYPE OF CULTIVATION

FEATURES

GCLURRENCE

. Wwet rice (riz aguatique)

lrrigated rice
(r1z {rrigut)

Mangrove rice
(riz de mangrove)

Floating rice
(riz flottant)

Swamp rice

(lowland rice,
valley battom rice,
riz de bas-fond,
riz 1nnondé,

riz de marais)

Complete control of the water supply
and drainage. Cropped once or twice
a year according to avarlapility of
water (storage capacity;, mostly
monoculture, transplanting -etrod
predominates., Yields 2-8 t/ha,
average -4 t/na, very low level

of risk,

Cropping on reclained mangrove swamjs,
in river estuary areas and the fresh-
water pool area of large rivers, Mo-
noculture predomindtes, mostly trans-
planting method, yields 0,5-3.5 t/ha,
average 1.5-2 t/ha, low level of

risk on dyked Tand,

Cropping on the flood plain of large
rivers, rice grows as the floods

rise {up to more than 10 cm per day).
Monoculture, direct sowing at the
vegirning af the rainy secason,

yields 0.5-) t/ha, average 1.5 t/ha,
very nigh level of rise,

Croppin; 10 valley bottoms with poor
drainage ar on strips alorg river
banks, One or two rice hirvests &
year accarding to avatlability of
water ar Cultivation of an 3dditio-
nal crop ‘sweet potatues, unions,
atc.) after rice, transpianting
method gawning importance, direct
sowing ;till very commos, yields
0.5-5 t,ha and narvest, averige

2 t/na, low level to very nigh
leve! ¢f rise atcording to the pos-
sibilities of water cuntro!,

Developed only recently, no regional con-
centration, soresd over the whole of the
Sudan Savanny, smaltlscale irrigation pro-
Jects alsc in tne rainforest zone; about
3-41 of the rice drea ind 7-8Y of tre
total production,

foast betweer Gambia and Sierra Leone,
in the fresrwater pool area of larger
rivers (Gambia, Great Scarcies, Little
Scarcies) and in the Delta region of
tne Miger; about 5-6% of the area and
10-11% of the production,

Upper course and inland delta of the
Niger {ve., important), Gambia and
Seneqal {hardly any importance}, Sierra
Leone and the valley of the Sokoto in
Niger1a, about 10-11%1 of tne ared and
11-12% of the production,

Everywhere in West Africa, but not con-
cantrated tn any one area, frequently cul-
treated at the fringes of upland rice
¢ropping aress and in the wet savanna
reg1on, adout 20% of the area and 28-30:
of the production,

2. Rainfed rice (dryland rice, upland rice, r1z oluvial)

fon-bunded rainfed rice Cropprng or lard tnat is nostly Soutnern Zeneqal {Casamance), Sierra

(riz pluvial avec sub- flooded towards the end o¢f *he sege- Lenne, northern [viry Coast and Korth

mersion) tatior pericd [up to about 43 tmj, 3hana; about 5-6% of the area and 4-6I of
Monur s1ture, direct scwing 3t the he production,
veginning of the rainy seascn,
yields 1-4 t,na, averaze 1.5-2 t/na,
nigh level af risk,

Soutrern Serejal, Nortn Ghara,
2-33 of the arey and aucut 2. SF tne
FIER AR N

Rainfed rice Lraoptag an Jang where tte rooth 5t

(r1z pluvial sur nappe; the role YRS graw Lf tre gruLris
witer, ratytrar wate canfes ceons
ti IraLTiruts, et dreduTie
Aates, CUrult Luming 3t the Lejir-
nirg of tre <37y seiscn, glelss
G503 0 kA, veergge U5 A, rage
lesel of rise,

Upland rice Cropprng o well-dratres 5.104, most Guingy, Sterrg Leune, _1heria, West
{rainfed rice, Ty meonie gmaftorg o it atiorn, i Tnast, su.trere arts of To30
riz oluvial strict, Fre.s P2RON {-R I R o b M cor, iS.tr aent Ygeriag

riz de montagne) (3313 a1l For oo tasartar, reg e, 20-585. of tre arey ard aL6ut 31-36%

dire. % 30wtn] A% tre meqinrry of né e oot

the Faing Lessen, grells ¢
average 1-°.5 t,na, level ¢ rige
witr faycurazie rainfall Sogirang-
LIor noderite, Atherwise ¢eryg m13T

Source: Compiled by tne autnor fron AFE ‘no year), CHABRILIN Y
Le PUANEC [1975%), MOMR (196%,, .SAID [1964), #k304 "13
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water (non-bunded rainfed rice, riz pluvial avec submer-
sion) are strictly speaking forms of wet cropping, although
they are subsumed nere under the term “rainfed rice crop-
ping". However, both forms of rice cultivation are of se-
condary importance in West Africa compared with upland rice
(riz pluvial strict).

1.3 The Problem

As a food crop, rice is becoming increasingly important in
West Africa. This is true not only of those regions where

it has already been cultivated for a long time and forms

the basis of life of the population, but also of those
countries that hitnerto have had a relatively low per capita
rice consumption. Two basic reasons can be given for this
development:

- Rice is a food preferred by the urban ﬁopu]ation, that

is increasing much more quickly than the population as
a whole because of the high rate of urbanisation,

- In regions where rice is not a staple food it is mostly
a food consumed by people having a higher standard of
living, and it reveals a relatively high income elasti-
city of demand.
The result of both factors is that rice replaces in parti-
cular tuber and root crops (cassava, yam) and plantains,
as well as other kinds of grain (maize, millet and sorghum)
as the most important foodstuff. The changes in the struc-
ture of consumption in conjunction with a high growth rate
of the population have led to a situation where in many
West African countries the production of rice can no longer
keep pace with the growing consumption.

A priority target in the agricultural development policy
of West African countries is therefore the promotion of
rice cultivation and the increase of production until com-
plete self-sufficiency is achieved (WARDA 1974a, p. 2).
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In the past, almost all the attempts made to achieve this
goal encouraged forms of irrigated rice cultivation. This,
however, requires a high level of capital for investments

in land development and irrigation, and in many parts of
West Africa it represents a completely new form of land

use for the farmers. Therefore, the development of irrigated
rice cultivation in West Africa is expensive and usually
leads only to a slow increase in rice production, '

At present almost half the rice produced in West Africa

is grown as an upland crop on a total area of more than a
million hectares. In the key areas for upland rice cropping,
i.e. in the region of the Upper Guinea Rift and the coastal
strip, rainfed cultivation occupies 70-90% of the land de-
voted to rice, and supplies between 60 and 80% of total
production. In spite of its importance, this type of crop-
ping has only recently received more consideration by the
political decision makers in these countries. This is all
the more surprising since the production potential of rain-
fed rice was well known to agricultural research, DOBELMANN
(1966, p. 1118) comments on the basis of findings principal-
1y from Madagascar: “I1 n'est nullement question ,.. de
vouloir prétendre d& la diminution des surfaces irriguées,

ni méme & freiner les aménagements futurs. I1 est encore
moins question de vouloir faire la panégyrique du 'tavy'
(rainfed cropping). Nous pensons seulement que la rizicul-
ture séche, pratiquée sous une certaine forme et dans un
certain milieu, peut apporter un renfort non négligeable
dans la bataille de la production rizicole."

In many areas of West Africa, we find favourable natural
conditions for the productior of both rainfed and wet rice.
The question then has to be asked whether and under what
conditions irrigated or rainfed cropping forms should be
promoted., The aim of this study is to investigate this
problem in terms of examples from Ivory Coast and drawing
on findings in other West African countries in order to
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extrapolate the location factors under which rainfed rice
cultivation in permanent arable farming or ley systemsi)
is profitable for the farmer and feasible on the macro-
economic level. The observations at the farm level, in
which the various cropping methods at different levels of
mechanisation are presented and analysed, is supplemented
by two case studies from Ivory Coast. This is followed by
the analysis of the question from the macro-economic point
of view, where in this case wet rice is included as an a]-
ternative in the analysis,

1) See RUTHENBERG (1976a) for a definition of the farming
systems.
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The Economics of Rainfed Rice Cultivation at the

2.
Farm Level

2.1 Traditional Upland Rice Cultivation

2.11 Features of traditional cropping

The term "traditional® is defined as follows by SCHULTZ
(1965, pp. 3 et seq.): "Farming based wholly upon kinds of
factors of production that have been used for generations
can be called traditional agriculture." If we adopt this
definition, it is obvious that very diverse farming systems
can be classified as traditional, according to the differen-
ces in the natural, ethnological and socio-economic parame-
ters. In West Africa there aFe, however, a number of fea-
tures that are common to all traditional farming systems
in which upland rice cultivation is important:
- Traditional uplanq rice cropping is practise? within
shifting cultivation or bush fallow systems'’,

- Nearly all operations, from land clearance to harvesting,
are performed manually with the help of simple tools.
The use of animal power is very rare because the presence
of the tsetse fly in the rainfed rice cropping regions
almost always prevents traditional keeping of cattle,

- Labour and land are the most important production fac-
tors, with land still being abundant in many cases and
labour representing the limiting production factor. The
capital input is small and is restricted to hand tools
and facilities for drying and storing the paddy.

- Most of the work is done by family labour. Hired labour
is usually only employed seasonally (at times of peak

1) One of the criteria used to differentiate the two systems
is tie intensity of land use. Thus RUTHENBERG (1976a,
p. 15) employs the symbol R for the percentage ratio be-
tween the number of cropping years and the total years
of cultivation and fallow. In this way an R value up to
33 scfers to shifting cultivation, If the R value is be-
tween 33 and 66 we have fallow systems, that are speci-
fied according to thc vegetation.
In keeping with the FAO's suggestion, the term "shifting
cultivation" defines only those farming systems in which
not only the cropping areas but also the farmstead is
shifted, If this is not the case the term “"fallow system"
is applied (FAO/SIDA 1974, p. 17).



- 14 -

labour demand and for physically demanding work). Tradi-
tional forms of cooperation, like working collectively,
helping neighbours, etc., are frequently practised.
There is still a high degree of labour division on the
basis of sex, with work involving clearing and land pre-
paration being allotted to the men and weeding, harvest-
ing, transport and sometimes threshing being carried out
by the women.

- Yield-increasing inputs (mineral fertiliser, pesticides,
etc.) are rarely applied. Similarly, dressed or cleaned
seed is hardly ever used. As a rule, traditional rice
varieties are grown that mostly belong to the Oryza sativa
species. Oryza glaberrima is only found occasionallyT).

- Traditional upland rice cultivation is mostly practised
as mixed cropping. Combinations with maize, millet or
sorghum, cassava, yam and various kinds of vegetables
(Hibiscus esculentus, Solanum melongena, etc.? or spice
plants {e.g. Capsicum sp.)] are frequently found. In some
regions, shade conditions permitting, upland rice is also
intersown in the first two years when perennial crops
(coffee, cocoa or bananas) are being established.

Traditional upland rice cultivation in West Africa is main-
1y found in regions of the tropical rainforest or Guinea
savanna belt, with average rainfall of about 1,500 to more
than 3,000 mm per annum in a ralatively long rainy season
of 6 to 9 monthsz). The cropping techniques are similar in
most respects:

Towards the end of the dry season, the farmers begin to
clear the land. Brushwood is cut down with a matchet and
some of the trees are felled, although roots and tree stumps
are not removed to encourage rapid reforestation of the plot
when it is no longer cultivated, Larger trees are usually
left standing. After burning, towards the end of the dry
season, stones and larger branches that are not destroyed

by the fire are collected.

1) In many cases the traditionally grown rice varieties
scarcely differ from those which the agricultural exten-
sion service recommend to farmers for improved cultiva-
tion (see section 2.13).

2) "Riziculture de nappe" and non-bunded rainfed rice (rizi-
culture avec submersion) are exceptions that are fre-
quently found in the savanna region (see Table 1.3).

Best Available Document
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Provided no loosening of the soil is necessary, rice is
sown broadcast after the first rains and worked into the
¢eoil with a short-handled hoe without any further land
preparation, Sometimes rice is also planted. Crops that

are grown together with rice on the same plot are often
sown by mixing the seeds with rice (millet, sorghum, maize,
various vegetables) or mostiy by interplanting them in the
rice field (cassava, bananas, yam, etc.). The time for
sowing rice and the mixed crops can differ considerably ac-
cording to the water requirements of the different crops.

Weeding usually begins very late (5 to B weeks after sowing)
and is carried out continuously up to about the time of
coming into ear. In some places, however, weeding is com-
pletely ignored (van SANTEN f974. p. 27). A few weeks after
sowing, a fence made of such materials as branches, woven
palm leaves, etc., is built to protect the rice field
against bush rats (Thryonomys swinderianus). As soon as the
first rice plants reach the milk stage, the fields are
guarded by day until harvesting to prevent losses, particu-
larly through birds (weaver birds). This job is often Teft
to children. In some regions the rice fields are also guard-
ed, for the same reasons, for about 10 days after sowing.

Harvesting is still carried out in most cases using a small
knife, with which each single panicle is cut off. The panic-
les are bundled, and transported, dried and stored in this
form. Threshing is done with sticks as required, Then the
paddy is cleaned and sold or further processed for home
consumption,

After the rice, sometimes a second rice crop, but mostly

other food crops 1ike groundnuts, maize, yam, sweet pota-
toes, etc, are grown, Cassava is very often planted as the
final crop. This crop is gradually harvested according to
need, and becomes overgrown in the course of time by the

fallow vegetation. The period of land use and the duration
of the fallow are influenced by various factors, with the
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soil quality and availability of land playing an important
role. Where the population density is low, the fields are
often cultivated for only one year, and it is not uncommon
for the subsequent faliow to last for 10 to 15 years or
more. As a rule, however, a field is not used for more
than 3 to 4 years, and the length of the fallow is on
average 6 to 10 years1 .

2.12 Costs and returns of traditional upland rice production

The average yields of traditional upland rice in West Africa
are taken to be 8 to 10 dt/ha (MOHR 1969, p. 53; ARE no

year, p. 16; Le BUANEC 1975a, p. 362; CHABROLIN 1977, p. 10).
As can be seen in Table 2.1, the yields fluctuate between
about 6 and over 20 dt/haz). The reasons for these diffe-
rences in yield are:

1) The figures fluctuate from 3-4 years to about 15 years.
McCOURTIE (1973, p. 14) estimates the average fallow in
Liberia to be 10-14 years. Yan SANTEN (1972a, p. 20 and
1973, p. 22) gives an average of about 5 years (ranging
between 2 and 9 years) for Bong County in Liberia, and
for the north east of the country he states an average
of 10 years, with figures between 4 and 20 years,
CURRENS (1974, p. 168) estimates the fallow period in
North West Liberia to be at least 10 years,

JORDAN (1964, p. 29) estimated the length of fallow in
Sierra Leone to be 3-4 years in forest regions and 6-10
years in the grass savanna area. SPENCER/BYERLEE (1977,
p. 22), on the other hand, estimated averages of 7-12
years in the northern part of the country and 8-15 years
in the south,

GUINARD (1961, p. 161) estimated an average fallow of
5-10 years at the end of the fifties in West Ivory Coast.
Estimates in a regional study at the beginning of the
sixties are 6-8 years (BDPA, no year, p, 27).

SCHWARTZ (1971, p. 210) gives an average figure of 6
years, that is confirmed by the author's personal

surveys (5-6 years) (see section 2,3221).

2) See page 18,



Table 2.1: Yields and related features of traditional upland

rice production in West Africa

Region Year Average yield Range Coefficient Average annual Quantity Labour Length of
of variation rainfall of seed input fallow
(kg/ha) (kg/ha} (%) (rm) (kg/ha) (ME-days/ha) (years)
Sierra Leone
“Northern coastal e)
region 1) 1971/72 580 - - 2800-3800 - 156 -
- Southern part of
country (without e)
coast) 1) 1971/72 1450 - - 2500-3500 - 239 8-11
- North eastern part of
country (without e)
coast) 1) 1971/72 810 - 2200-2900e) - 286 10,4
- Western Area 2) - 780 - 2500-3000 84 165 -
Liberia
- Lofa County 3) 1972 1470 1210-1860 13,9 2640 51 269 10-20
- Foya Area 4) 1970/71 1270 560-2580 41,4 - - -
- Foya Area 4) 1971772 2240 940-3920 40,1 2500 - - 6
- Foya Area 5) 19714 1120 470-2000 - 56 208 10
- Bong County b) 1972 970 500-2240 - 1900 ) 34 94 5
- Country's average 7) - 800 180-2640 - 1700-3500°% 54 277 10-14
Ivory Coast
~"Région de Man 8 1959 1300 - - 1700-1800 30-50 180-289 5-10
- Departement de
Biankouma 9) 1974 1740 430-2520 27,4 1800-1900 50-80 214 5-6
- Western region 10) - 1090 120-2160 - 1800-1900 50 - 6
- Western region '1) - 1;;8;% : : 1700-2300 : : 6-8
- Central region 12) 1962/63 910 800-1490¢) - 1100-1300 60 229 8-9
Nigeria
~Western Ishan
District  13) 1970 2050 1530-2620d)  19,7¢) 1900-2100€) 52 283 -
- Western State 14) 1969/70 1900 1020-2600d) 26,8¢) 1400-1800¢) - 210 -

a) grown as a sole crop b) yrown as mixed crop c) averages for the sub-regions d) averages at village level
e) estimated by the author according to WALTER/LIETH (1960) and COCHEME (1971)

Sgurce: 1; SPLNCER 1973a; 2) MITRA 1970; 3) CURRENS 19745 4) VAN SANTEN 1972c; 5) VAN SANTEN 1972a; 6) VAN SANTEN 1973;

7) McCuURIIL 1973; 8) CUINARD 1971; 9) compiied by *he author; 10) SCHWARTZ 1971; 11) BDPA no year;
DG BLAIL no year, Tome 2, 13} 030K 197C; 14) 0SIFO0 137%.

12) RCI/MINISTLRL
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- The effects of climate, especially of rain. The experien-
ce gained from agricultural research shows that it is not
so much the level of the annual rainfall as its distribu-
tion during the vegetation period of rice that is of cru-
cial importance (GIGOU 1973, p. 858; HADDAD/SEGUY 1972,
Pp. 424 et seq.; Le BUANEC 1972, p. 1206 and 1975a,
pp. 360 et seq.; De DATTA/VERGARA 1975, p. 16). Radiation
1s another climatic factor (De DATTA/VERGARA, pp. 17 et
seq.) that plays a significant role, especially in regions
with high rainfall and a long rainy season (Le BUANEC,
1975a, p. 370).

- Differences in soil quality, since soils "derived from
basic rock types give distinctliy higher yields than those
derived from acidic rocks... The well drained upland soils
used for rice growing in West Africa mostly heve a low
natural fertility, because they are mainly derived from
acidic rocks and are, moreover, strongly leached under
the high rainfall regime of the areas in which chey occur"
(MOORMANN et al. 1974, p. 4).

The water supply interacts closely with soil and climate,

the influence on yields increasing as the uncertainty of

rainfall rises (De DATTA/FEUER 1975, p. 28; HADDAD/SEGUY

1972, p. 428; Le BUANEC 1972, p. 1207).

There are no empirical data available on the influence of

the intensity of farming - either of the intensity of land
use (R-value) or of the intensity of the factor input. As

can be seen from Table 2.1, there is no evidence on the rela-
tionship between the input of seed or labour per unit of

area and rice yields at a regional level.

If we compare the returns and costs of traditional methods
of upland rice production, the examples given in Table 2,2
allow the following observations to be made:

Footnote 2 from p. 16:

2) The variation in the yields of rice between the indivi-
dual farms is far greater and ranges between less than
200 kg/ha and approximately 4 t/ha. No statistical data
are available on the fluctuations of rice yields over
time. This kind of fluctuation is the result particular-
ly of different weather patterns over the years. Qther
factors like weed growth, the incidence of disease and
pests, are of lesser importance and partly correlate with
the climate variables. In those regions where it is grown
as the main food, rainfed rice usually shows relatively
slight yield variations compared with other food crops,

L)
"
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Tabie 2.¢: Costs and returns of traditional upland rice production in West Africa

Sierrs Leone 1971/7537— Liberia 1971772 b} Ivory Coast Nigeriac)
southern  northern  southwest Lofa Foya Gbanga average Western Western MWestern State
region 1) region 1) region 2) County3) Aread)  Aread) for” ¢y Region D) Ishan gpasimi Naro9)

country®) 1972775 Distric®

Yield Paddy (kg/ha) 1,450 810 1,000 1,470 1,120 970 800 1.740d) 2.050e) 1,975 2,000
Producér price (FCFA/kg) 24.2 29.0 24.4 30.3 30.3 30.3 30.3 28.0 42.9 35.8 35.8
Gross Returns (FCFA/ha) 35,380 23,490 24,400 44,540 33,940 29,390 24,240 48,720 87,945 70,705 71,600
Total variable costs
(FCFA/may ~— 7~ 8,445 14,265 10,830 3,555 2,385 1,590 4,415 7,060 3,390 26,065 19,510
- seeds 2,425 2,815 2,050 1,545 1,705 910 2,040 1,960 1,880 1,740 1,695
- wage costs of

hired labour 5,060 10,435 8,355 1,310 - - - 4,280 - 19,770 15,495
-~ small mplements h)

and tools 960 1,005 425 700 680 680 2,375 850 1,125 695 510

others {fertiliser,
insecticrdes, ete, ! - -

- - - - - - 385 3,850 1,810
Gruss wmargin (FCFA/ha) 26,935 9,225 13,570 40,985 31,555 27,800 19,825 41,530 84,555 44,640 52,090
Labour requiremnent £) f)

ME “days/heY 77 250 296 257 269 208 94 277 214 283 217 201
LabgquprpdyLLivxty

(Kqg paddy per BTdy) 5.8 2.7 3.9 5.5 5.4 10.3 2.9 8.1 7.2 9.1 10.0
Gruss margin per Mt -day

TFCFR) B 128 66 85 158 152 295 72 215 299 297 336
Returr to Fdﬁl]{»LdbOurg)

TFCFR/ FTam Ty M -doy T 120 42 67 158 152 296 72 213 299 355 415
a) 1 Leone = 332 FCFA f) Without threshing,

b) VT US 3 s 7y FCRA g) Since land is not a scarce factor in the farming systems

¢} vV Nig.k = 779 FCHA analysed here and since the capital input is negligible,
d} Un the basts of tne producer price 1973/74 to ensure better interest costs are ignored.

comparabiVity, since the price was raised to 65 FCFA/kg in 1974, h) Estimated by the author.
e} Lstimated by the author on the basis of the seed price, since

the price data are contradictory.

Source: 1) SPENCER 1974; 2) NJOKU 1971; 3) CURRENS 1974; 4) VAN SANTEN 1972a; 5) VAN SANTEN 1973; 6) McCOURTIE 1973;
7} Compiled by the author; 3) 0BOH 1970; 9) OSIFO/ANTHONIO 1970.

61
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- The level of the gross margin is determined primarily
by the yield. A second important fact-r is the farm-
gate price of paddy, whereas the totec? variable costs
are hardly significant,.

- The total variable costs are determined to a decisive
degree by the wage costs of non-family labour. Other
costs (for seed, smal)l implements and tools) are of se-
condary importance. If no hired labour is employed, the
total variable costs constitute only 5 to 10 % of the
gross returns,

- Since in a regional comparison no relationship between
labour input and yield is evident, labour productivity
clearly declines with increasing labour input, The same
applies, although less pronounced, to the profitability
of the labour input.

Upland rice within traditional cropping svstems compares

frequently unfavorably with other crops with regard to

the return to labour (see Van SANTEN 1974, p. 41; SPENCER/

BYERLEE 1977, p. 60), This is particularly true of its

competitiveness with cash crops like coffee, cocoa, o0il

palims, vegetables, etc., and in most cases it can be attri-
buted to the price relations, which are unfavourable for
rice in comparison with these (export) crops. Compared

with food crops, on the other hand, upland rice competes

considerably better, although there are no economic analy-
ses available on this subject.

As already mentioned, labour represents the most important
cost item in traditional cropping. Table 2.3 shows the de-
tails of the labour input in rainfed rice production in
different cropping zones. Since rice is usually the first
crop to be grown after land clearance, the labour input for
this operation is considerable and, according to the type
of vegetation, amounts to between 15 % and 40 % of the
total labour input. Harvesting accounts for the highest
proportion of labour input (25-40 %). Soil preparation,
sowing and weed control each claim about 10-20 % of the
total labour input, Protecting the fields from pests (con-
struction of fences to keep out bush rats, scaring away
birds, etc.) requires 20-40 days per ha, i.e, up to 20 %
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Table 2.5: Ladour input in traditional wland rice coltivation in west Africa (ME=days per ha).)

2} Teanster of values ta man-hours is not possible because of lack of Information.

Sierra

Leone

5% Lant preparation 3¢fore sowing is usually not practised.

Source: 1) ap-alfd 140

30 owiles ty the autaor; Q) 0500 ]

e) Per acre values are not transfered to values per ha because of important scale-effects.

1) without threshing and clemling.
) weeding was practited in only adout 30 3 of the holdinjs. The labour averaged 12,3 M-days/ha, g) Without guarding aid threshing.
1) Including constraction of a quard®s kut.

h) without guarding.

Jap 27 NN 19715 3) CURRDNS 197%, p. 13 &) VAR SANTEN 1972, p. 24 5) VAN SARIEN 1973, p. 25; 6)Me Courtie 1973, po 36; 7) GAWOY 1959, p. 28;
7U; 10) OSIFO/ANTHONIO 1978, p. 312.
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of the total labour input, although the data for these ac-
tivities are uncertain, since gquarding fields is frequent-
1y undertaken by children, and moreover considerable eco-
nomies of scale can be expected. The total labour input
amounts to about 200-300 days/ha, varying only slightly
between the different regions.

2.13 The profitability of applying biological and technical
innovations within traditional upland rice production

New varieties and mineral fertiliser are currently the
most important technical improvements in traditional upland
rice cropping1). The use of pesticides and herbicides is
not common. Improved dressed seeds and mineral fertilisers
are not generally supplied to the farmers seperately but
in the form of the so-called "extension packages" combined
with more careful cropping methods (row sowing, early and
continuous weeding, etc.). The majority of the improved
rice varieties that are recommended for use in traditional
holdings by the agricultural extension service are varie-
ties that have been derived by selection or hybridisation
from the traditional varieties grown in a regionz). The

1) The problems associated with introducing and extending
technical innovations to traditional small farmers cannot
be dealt with in further detail here. A detailed discus-
sion can be found, for example, in ALBRECHT 1969; Von
BLANCKENBURG -1967; PAYR 1977; ROGERS 1962 and 1969;
RUTHENBERG 1969, 1972 and 1977a; SCHULZ 1973,

2) This applies, for example, to the varieties Anethoda in
Sierra Leone, LAC 5 and LAC 23 in Liberia, Morobérékan
and Paté Blanc in Ivory Coast and Parawan in Ghana
(CHABROLIN 1977, pp. 11 et seq.). Some of these varie-
ties have gained importance beyond their region of ori-
gin, e.g. the variety 05 6 from the former Belgian Congo
that is widely grown today in Nigeria. Appendix II pro-
vides information about the most important rice varieties
in West Africa,
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yield potential of those varieties is between 30 and 40
dt/ha, and even without mineral fertiliser they outyield
the traditional varieties {see Table 2.4). They largely
possess those positive characteristics of the traditional
varieties that make them suitable for labour-extensive
cropping in small farmsi).

Table 2.4: The effect of mineral fertiliser application on tradi-

tional and improved rice varieties in Liberiaa)

1971772 1972/73
Trad. Trad,
Varieties LAC 23 Varieties LAC 23
Yield without fertiliser .
(kg paddy/ha) 1,255 1,690 1,219 1,545
Yield with fertiliser
(NPK 34-34-34) 1,725 2,330 1,570 1,690
Yield increase due to
mineral fertiliser
application (%) 37.5 37.9 29.8 26.9

a) Results from experiments on a total of 288 demonstration farms
in smallscale holdings.

Source: Improvement of Upland Rice in West Africa (no year, p. 5)

A fundamental disadvantage of these varieties is that their
yield response to mineral fertiliser is low, averaging 30
to 80 % according to soil quality, cropping intensity and
variety. Higher nitrogen doses in particular usually bring

t) These features are, for example, lower demand for high
soil fertility, resistance to diseases and pests, resis-
tance to short periods of drought and low grain loss in
the ripening stage. The introduction of very high yield-
ing Asian varieties for rainfed rice cropping in West
Africa failed because among other things they did not
in some cases have these qualities, in particular the
resistance to drought and Piricularia oryzae.
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about an increase in vegetative growth of these varieties
and not a higher grain production. This is illustrated in
Table 2,5,

Table 2.5: The effect of nitrogen application on an improved upland
rice variety in Ivory Coast?

—_—
Fertiliser Yield of Grain Yield of Straw

NPK (kg/ha) Average Range Level of Average Range Level of
kg/ha kg/ha signifi- kg/ha kg/ha signifi-

cance cance
0-45-60 1452 1039-2095 - 2392 1667-3619 -
21-45-60 1684 1101-2521  n.s, 3290 2632-5024 wwsb)
42-45-60 1826 1398-2448 n,s, 4115 3429-5000 v

a) Experiment that was repeated 10 times (50 m*/plot) with the variety
Morobéréekan on the agricultural research station Bouaké/Ivory Coast
T96%,

b) Statistical significance of the difference between the averages on
the 5% (*}, 137 (**) and 0.1% (***) leve),

Source: Calculated by the author based on STATION EXPERIMENTALE
AGRICOLE DE BOUAKE (1965, pp. 24 et seq. ),

The profitability of using mineral fertiliser depends on
the nature of the production function and on the price re-
lation between fertiliser and rice. Because of the diffe-
rent cropping conditions under which rainfed rice is culti-
vated in West Africa, it i, essential that the fertiliser
recommendations by agricultural extension services should

to the lack of facilities in agricultural research in West
Africa, Recommendations for mineral fertiliser application
as guide lines for extension services apply, therefore,
mostly to large regions or even to whole countries (Le
BUANEC 1973, p. 6). Moreover, economic considerations are
scdarcely taken into account in this process, but this seems
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to be wholly justified if the low level of fertiliser
app]ication and the variety of cropping conditions between
holdings is oorne in mindi).

Table 2.6 shows some examples of the profitability of mine-
ral fertiliser application in traditional upland rice pro-
duction in West Africa. The criterion for evaluating the
profitability of mineral fertiliser in small holdings is
ysually not the change in the gross margin but the relation
between marginal gross returns due to fertiliser application
and the costs of fertilisers, which constitues a threshold
for fertiliser application to the traditional farmer, The
level of this threshold depends on the personal attitude

of the individual farmer. According to RUTHENBERG (1977a,
p. 134), the relation in West Africa should be at least 2:1
before traditional small farmers can be expected to adopt
such an innovation, But Table 2.6 demonstrates that this

is not so in all cases. The low profitability of mineral
fertiliser application can mostly be attributed to the low
yield response of the varieties grownz). The increase in

1) If economic considerations are indeed taken into account,
the optimum level of fertiliser application per hectare
is usually established. The argument against this is that
the 1imiting factor in many holdings is not land but ca-
pital, and thus the fertiliser input per unit of money
invested ought to be optimised (WILSON et al. 1973, p. 7).
Since the yield response of the varieties available at
present is relatively low, i.e. the marginal returns to
fertiliser application rapidly decrease, the optimum level
is reached at relatively low quantities of fertiliser
(N, Pp05 and Kp0 each 20-30 kg/ha). If the criterion
"optimisation per invested unit of money" is applied,
this mostly leads to even lower quantities of fertiliser
applied.

2) It is on this point that one of the main arguments against
using mineral fertiliser in traditional cropping is founded,
Upland rice is generally cultivated as the first crop on
newly cleared land on which - especially in the tropical
rainforest region - the supply of nutrients does not re-
present a critically yield-limiting factor, at least in
the case of the varieties currently being grown (Le BUANEC
1973, p. 7). If, on the other hand, more pronounced nu-
trient deficiencies occur, small fertiliser doses scarcely
have any effect (ANGLADETTE/DESCHAMPS 1974, p. 296).

Best Available Document



Table 2.6: Profitability of mineral fertiliser appllcation in tradltional upland rice production in West Africa

0
Sierra Leone 1968 Sierra Leone 1971/727) Liberia 1971/725) Ghana 1947 )
Fertiliser Northern region Coastal region fFertiliser . .
crlra‘i’; applicatisn Trad,  Fertiliser Trad.  Fertiliser c:;”;n application crlrafl; (;;r;;i;;;r xﬂ;ﬁ;;ﬂ
pping (22-220) cropping  application  cropping application pping (30-30-30) opping -
Yield (kg/ha) 1,140 1,800 800 1,440 580 920 995 1,230 1,200 1,835 1,940
Fara-gate price (FCFA/kg) 248 a8 205 29,09 2909 29,09 0.7 50 627w
Gross returns (FCFA/ha) 27,815 43,920 23,200 41,760 16,820 26,68u 30,045 37,885 20,040 30,645 32,400
Costs of fertilisers (FCFA/ha) - Z,9$0f) - 6,600 - 7,280 - 7,150 - 3,610 7,220
Increase in gross margin due N 4
to nineral fertiliser (fCH/ha)a) 13,155 11,960 2,580 90 6.990 5,140
Return—cost ratic? 5.5 2.8 1.4 1.0 2.9 1.7
Labour input (Mi-days/ha) 257 n 307 314 165 m - - - -
Labour productivity
(kg paddy/ME /day) bk 6.5 2.6 L6 3.5 5.4 - - - -
Gross margin per additional
working day (FCFA/ME~day) 658 1,709 430 - -

3) Assuming that there are no variable costs other than those of fartilisers

b) Additional gross retyrns related to the costs of fertilisers.

c) 1 Leone = 332 FCFA .

Source: Cosplled by the author From 1) NJOKY (1971
4) DJX0T0 (1968, pp. 106 et seq.).

A 1USE = 275 fCha.

e)lf

252 FCPA .

f) subsidised

v PPa 14h ot seq.), 2) SPENCER (1974, pp. 12 et seq, and 1975b, pp.

32 et seq.), 3) VILSON ot al. (1973, pp. 3 et seq.),

92
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labour input due to mineral fertiliser application (trans-
port znd application of fertiliser, more intensive weed
control, more effort for harvesting and threshing, etc.)
js slight compared to the total labour input (3 to 7 %).

Even in the case of relatively minor increases in the gross
margins, the return to the aaditional labour input is high,
and in some cases is several times more than the average re-

turn to labour. On the other hand, it has to be borne in
mind that these tasks usually occur at times of labour
peaks, in which the marginal return to labour is higher

than the average even without applicatio. of technical in-

novations.

In almost all West African countries, fertilisers are sub-
sidised by the Government, which means that the costs of

fertiliser per hectare, in terms of the corresponding amount

of paddy valued at farm-gate prices, are reduced from 200-

300 kg to 50-100 kg. This kind of price policy considerably

improves the profitability of mineral fertiliser applica-
tion at farm level, which is illustrated in the examples

given in Table 2.7. Through heavy subsidies in Sierra Leone,
e.g., fertiliser costs as a proportion of the gross returns

per hectare are reduced from 15-30 % to a mere 2-9 %. In
this way, the farmer's risk1) as regards the purchase of
inputs is reduced, and in regions with a high yield poten-
tial this risk is negligibly small,

1) The variation of yields is usually slight in regions
with traditional upland rice cultivation. When yield-
increasing inputs are applied, the liquidity problems

are particularly significant in these cases, since rain-
fed rice represents the most important subsistence crop

and only a small proportion of the production is sold.

In regions of the Sudan savanna, however, that are sub-
Jject to considerably higher yield fluctuations and where
rainfed rice is grown mostly as a cash crop, the profi-
tability of rice production, in other words the variation
of gross margins over the year, is crucial as an evalua-

tion criterion.

Regt Available Document
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Table 2.7: The effect of fertiliser subsidies on the profitability of

e

mineral fertiliser application in traditional upland rice

production in Sierra Leone

Coastal region

1971/72

1974/75

Northern region
1971772 1974/75

Southern region
1971/72 1974/75

Yield without ferti-
liser (kg/ha)

Yield increase due to

fertiliser
{NPK 50-50-0)

Producer price 1
(FCFA/kg Paddy)

Increase in gross
returns
(FCFA/ha)

Costs of fertilisers
(FCFA/ha)

- without subsidy

- with subsidy

Increase in gross
margin due to ferti-
liser application
(FCFA/ha)

- without subsidy

- with subsidy

Return-cost ratio
- without subsidy
- with subsidy

Additional labour
input
(ME-days/ha)

Gross margin per
additional working
day

(FCFA/ME-day)

- without subsidy
- with subsidy

27.5

10,320

7,373
2,455

2,945
7,865

1.4
4.2

184
492

580

375

2

1

2

61.0

2,865

7,210
2,455

5,655
0,410

O —
.
w W

353
1,276

28.9

18,790

7,375
2,455

11,415
16,335

-~ N
.
~ o

292
419

810

650

61.0

39,630

17,210
2,455

39

575
953

1,

27.4

21,900

7,373
2,455

14,525
19,455

0 L
.

726
972

230

800

61.0

48,775

17,210
2,455

20

1,578
2,316

1) 1 Le = 332 FCFA

Source: Calculated by the author based on SPENCER (1975b, pp. 28 et seq.).
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1,2 Mechanised Rainfed Rice Cultivation

‘he mechanisation of rainfed rice cropping, i.e. the use

»f animal power or tractors, demands the transition from
yush fallow systems to forms of permanent arable cropping

yr ley systems, since the use of implements for land prepa-
.ation is almost impossible unless the land has been com-
jletely cleared. A central problem in these cropping systems
{s the maintenance of soil productivity.

2.21 Mechanised rice production within permanent upland
cultivation systems: results of research in

Ivory Coast R

The long-term experience from cropping experiments on agri-
cultural research stations is available in Ivory Coast, and
this experience permits conclusions to be drawn with regard
to the change in soil fertility as a result of permanent
arable cultivation, From an economic point of view, time-
series analysis of crop yields would have been of particu-
lar importance, but this was not possible due to the lack
of data. However, development of yields over time are dis-
cussed below, taking three experiments as examples,

2.211 Permanent upland cultivation under humid conditions

This experiment has been carried out since 1959 in West
Ivory Coast in a region with an average annual rainfall of
1700 mml). After almost two decades of permanent arable
cultivation without fallow and with a land-use intensity
of 150 %, no reduction in yield of any of the crops grown

1) The details of the experiment and the climatic condi-
tions are given in Appendix IV.
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is apparent

applied is relatively low and no or
ploughing harvest residues

y the maize

As can be seen from Diagram 2.1
ding, shift-

yields could even be raised through plant bree
ing to a hybrid variety,

Diagram 2.1: The yield development of maize, rice and cotton in perma-
nent upland cultivation in West Ivory Coast 1959-1977

Yield ,
(dt/ha) ’
|
Ao
50 i ,I
N, II ‘ "
VN
/ \ [
/ N ! /Mmm*)
40 / 1]
/ [N
/ || I'
e Iy
30 ST '
20
Rice
10
**) Cotton

T T UL S R o 4
1960 1962 1964 1966 1968 1970 1972 1974 197¢ Time

*) Cultivation of hybrid varieties (H 507) since 1971.

**) In 1975 the yield was very low because sowing was too late.
The yield was not meas.-ed and is therefore ignored,

Source: RCI/MINISTERE DE LA RECHERCHE SCIENTIFIQUE/IRAT, Division
d'Agronomie, Rappo~*+ Annuel 1974, 1975 and 1976,
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The average maize yields of 41.7 dt/ha are very high,
whereas rice yields of 18,1 dt/ha are relatively low. It
has already been mentioned that one of the main reasons

for these low yields is the dense cloud cover and the in-
cidence of mist during the rainy season in this region, so
that radiation is severely limited. The varieties grown,
Morobérékan and lguapé Cateto (see Appendix II), have a
yield potential of 40-50 dt/ha that has never been reached
even in years with very favourableclimatic conditions. How-
ever, the yields are very stable, the coefficient of varia-
tion over time being only 22 % (maize 25 %). On the other

hand, at 35 % the coefficient of variation of cotton yields
is considerably higher. The average yield is 15.2 dt/ha
seed cotton, which is, as in the case of maize, relatively
high compared with rice.

After eight years of cropping, a part of the previously cul-
tivated area was left fallow in 1967. A comparison of the
soils of this part with the cultivated area after a further
seven years of permanent cropping revealed no differences
in so0il texture (clay 26 %, sand 23 %). The permanently
cropped plots are somewhat deficient in carbon, nitrogen
and exchangeable salts, with the exception of potassium,

a fact that can be attributed to the effect of fertiliser
application. This applies to phosphorous too. The clear de-
crease in the pH value with permanent cultivation (4.9 com-
pared with 5.4) can partly be attributed to the fact that
no organic fertiliser was used. In the long term, the de-
ficiency in organic matter represents one of the main agri-
cultural problems (RCI/MINISTERE DE LA RECHERCHE SCIENTI-
FIQUE/IRAT 1974, Fascicule I, p. 70). Severe weed infesta-
tion is a further problem that is particularly important

in commercial production. Soil erosion, on the other hand,
is not an important problem in this experiment, and this
can be related to the relatively small plots (0.2-0.4 ha)
and the very gentle slope of the land, Thus the conclusions
drawn from this experiment as regards soil erosion are very
restricted,
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2.212 Permanent upland cultivation under semi-humid

conditions
=Zhdirions

A similar experiment has been carried out since 1960 at the
agricultural research station Bouak& in the central part of
Ivory Coast. The average annual rainfall is 1,200 mm, spread
over two rainy seasons1).

An initial analysis of the resu]tsz) was carried out after

10 years of permanent arable cropping with green manuring,

Le BUANEC (1972, pp. 1198 et seq.) draws the following con-
clusions:

- Since the land was always ploughed in the same direction,

and the soil pushed down the slope of the valley, after
only a few years narrow terraces were formed.

- No erosion problems have occurred, except in a few small
areas at the foot of the slope, which were slightly af-
fected by the surface run-off,

The soil fertilicy potential could be maintained on the
rest of the land. The soil texture and the content of
organic matter and phosphorous, the pH value, the ion-
exchange capacity and the total exchangeable salts re-
mained the same.

- By applying improved cropping methods as well as biologi-
cal and technical innovations, yields of yam and cotton
could be raised by 35 %, while those of rice and maize
could be increased by 60 and 85 % respectively within
10 years time (see Table 2.8).

No information is avajlable yet about the effects of

cultivation without green manuring since 1971, However,

other experiments carried out in the region indicate that
the yield potential of the soil can also be maintained

with permanent cropping even in the abseace of fallow or a

fodder crop in the rotation (GERDAT 1975).

If we consider the development of the yields, this fact is
also confirmed in the case under review (see Table 2.8).

1) Appendix IV gives a detailed description of the experi-
ment and of the climatic conditions.

2) Unless otherwise stated, all data is taken from
Le BUANEC 1972, pp. 1191 et seq.



Table ?.5: The development of yields of a continuous cropping experiment in the central part of
Ivory Coast 1960 - 1976
(Yields in dt/ha and coefficients of variation as a %)

Crop Average yield Coefficient of Yields at the Yields after 9 years' Yields after a further
variation beginning of cropping with green 7 years' cropping
experiment manuring without green manuring
1960-69 1971-76 1960-69 1971-76  average 1960-61 average 1967-69 average 1974-76
Rice 13.8 20.6 47.2 59.2 12.0 19.5 25.3 ;,
w
Maize 25.9 32.5 51.1 30.0 20.9 38.8 26.8 .
Cotton 12.0 10.6 36.9 17.0 10.3 13.9 10.4
Yam 138.3 99.3 33.9 43.2 121.8 167.7 107.6

Source: Le BUANEC 1972, p. 1207 et seq.; RCI/MINISTERE DE LA RECHERCHE SCIENTIFIQUE/IRAT;
Rapport analytique exploitation, 1970, 1971, 1972, 1973, 1974 and 1975.
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Grown in rotation systems without green manuring, yields

of maize and rice are 25 % and 50 2 higher than those in

the rotations where green manuring is practised, although
the yields are lower in the case of cotton and yam.

If we further compare the yields at the beginning of the
experiment with those obtained after 8-10 years cropping
with green manuring, and the yields after a further 6-7
years without it, the yield level seems to decline on ac-
count of the absence of green manuring. But in the case of
rice, a yield of 35.8 dt/ha was achieved in 1975, which is
the highest average yield to-date.

The interpretation of yield development is, however, diffi-
cult for the following reasons:

t. Climatic factors are conducive to the sharp from-year-
to-year variations in yields making the comparison of
averages, even over long periods of time, more difficult,

2. Soils are not homogeneous. The upper parts of the slope
have a higher clay content an” usually produce higher
yields, although statistically significant differences
exist only in the case of rice (Le BUANEC 1972, p. 1207).

3. The cropping methods are not uniform, Every year a sec-
tion of the land is used for various experiinents (tilling,
application of herbicides, etc.). Moreover ‘rop varieties
grown have been changed. The yield increara .f maize, and
to a certain extent of rice, must be attr.buted partly
to the use of higher yielding varieties. In a similar
way, the decrease in yield of yam can be explained by
the fact that in recent years the varieties cropped have
been mainly of the type Discorea alata, which 1s much
more suitable for mechanised cropping than Discorea

cayenensis, but which has a lower yield potentiaTl.
Without further discussion of this problem in any more de-
tail, we can nevertheless draw the conclusion from the ex-
periments that permanent arable cultivation can be carried
on under the given natural conditions in this regions with-
out jeopardising the long-term yield potential of the 501]1)
provided that:

1) This is confirmed by long-term experiments in other re-
gions of West Africa with similar natural conditions (see
ROOSE 1967, COLONNA 1967, HADDAD/SEGUY 1972, B@ 1975
quoted in GRETZMACHER 1977).
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easures are taken to control soil erosioni)

ultivation of land with more than 3-7 % slope accord-
(no c s0il texture, contour ploughing, establishment of
ingt;gtive strips against erosion, the creation of a per-
;:gent soil cover by mulching techniques, etc.);

- putrient

placed 1 j
s of a sufficient sgpply'of organic matter, the
ontent of the soil is maintained and a drecrease
lue is prevented;

. The necessary m

s losses and their removal by the crops are re-
n the soil by applying mineral fertiliser;

- by mean
humus €
in the pH va

. diseases, pests and above all weed growth are effectively

controlled.
These conditions can, however, not always be met outside
agricultural research stations, and this endangers the suc-
cess of mechanised cropping systems in the long run.
GREENLAND and HERRERA {no year, p. 22) remark in this con-
text that "in spite of many examples of mechanised develop-

ment, combined with adequate inputs of fertilisers and

pesticides,
cessful", and draw the conclusion: "This is an eloquent

these techniques have nowhere been commercially

suc
testimony to their unsuitability for the agricultural de-

velopment of these areas. What is required is not the trans-
lation of equipment and the methods shown to be appropriate
to arable farming in the very different conditions of the
northern temperate zone, but the devising of methods adapted
to the humid tropics.”

1) Compared with other crops, rice produced excellent re-
sults in intensive cropping systems with regard to soil
erosion (HADDAD/SEGUY 1972, p. 459). The factor C (the
influence of the vegetation on soil erosion) comes to
only 0.2-0.4 in the equation according to WISCHMEIER,
whereas for maize or millet, for example, it is 0.4-0.9,
for cotton 0.5-0.7 and for groundnuts 0.4-0.8 (RODSE
1977, p. 135),

Best Avallable Document
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2.213 Permanent cultivation at different levels
of technology

Ox-teams and tractor ploughing) on the yield development

in permanent arable cropping is being investigatedi).

Because of the uncertain rainfall in tphe region, climate is
3 decisive factor determining yieldz . If we consider the
yields over time (Table 2.9), we can 3re that the variation
of yields usually decreases as the level of inputs is in-
Creased, i.e. the more fertiliser a,)plied3 and the higher
the degree of mechanisation, the smaller the relative yield
variations"/,

1)
2)

3)

4)

The experiment is described in Appendix viI,

Taking this experiment as ap example, a method js pre-
Sented in Appendix yII in which the yield uncertainty
caused by the climate can be taken into account in the
evaluation of the profitability of improved cropping
techniques.

The decrease in the variation of yields on account of the
application of mineral fertiliser is surprising, since

We would expect that with irreqular rainfall distribution
the yield uncertainty caused by climate would be increas-
ed, because mineral fertiliser application:

- encourages more vegetative growth of Plants and thys
raises the water requirements ang shortens the period
during which the plants can survive without yield
losses (DOBELMANN/FALAIS 1968, p, 49),

- leads to increased root growth in the top so0il layers,
in the case of shallow land preparation, and thus the
plant's ability to cover its water requirements from
deeper soil layers in lengthy dry periods is reduced
(BERTRAND 1971, p. 385);

= Promotes weed growth and therefore increases the com-
petition for water and nutrients,

Similar experience has been recorded from Senegal
(BIGOT 1974),
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of land preparation in the central region of Ivory Coast 1967 - 1974
(Yields in dt/ha and coefficient of variation as a %)

Method of land Ferti?iser ) Yam Maize Cotton Rice
preparation quantity X CV() X cv(z) X cv(e) X cv(g)
Hand-hoe o 78.4 138 4.4 81 2.5 82 5.8 91
F, 12.5 43 22.7 53 6.7 58 1.6 86
F, 136.5 43 37.7 74 0.4 34 11.9 94
0x-ploughing Fy 80.2 44 4.7 130 2.3 o8 4.7 89
without manure F, 116.5 41 18.9 64 5.9 65 13.2 9
F, 136.5 25 36.8 80 9.6 35 12.3 85
Ox-ploughing Fy 80.5 41 6.1 89 2.8 80 6.2 88
with manure F, 147.4 30 24.8 89 8.9 139 12.2 86
F, 193.8 27 36.1 80 0.8 33 15.1 86
Tractor-ploughing F0 86.7 42 5.3 77 2.4 85 4.5 97
F, 141.3 38 33.3 94 8.0 28 12.3 83
F, 173.7 34 41.8 82 1.1 16 13.7 84

a) Fertiliser doses see Appendix VII.

Source: Compiled by the author from RCI/MINISTERE DE LA RECHERCHE SCIENTIFIQUE/IRAT,
Rapports annuels, Division d'Agronomie, 1967 - 1974.

-lc-
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Because of the sharp fluctuations of yield over time, 7 to
8 years are too short to make solid statements on the de-
velopment of yields. However, we recognise the tendency
for yields to decline in the absence of mineral fertiliser
or to remain constant at a very low level. With a slight
mineral fertiliser application yields could be maintained
at a medium ;ield level and could be raised slightly if th
mineral fertiliser doses were doubled.

The difference in yields resulting from applying average
and high fertiliser doses is evident for all crops, with
the exception of rice, which produces just a small yield
increase, with the variety playing an important role. The
application of stable manure combined with the use of ani-
mal power produces yields that are higher than when mineral
fertiliser is applied, and which reach levels similar to
that achieved in semi-mechanised cropping. This fact under-
lines the importance of the supply of organic matter to
maintain or improve the yield potential of soils.

With the exception of yam, mechanisation has no influence o
the level of yield. Low yields in climatically unfavourable
years cannot be avoided by means of deeper tillage operatiol
This is largely to be attributed to .the ridging practised f¢
yam cultivation, which even with the use of a hand hoe guar:
tees sufficient loosening of the soil and renders intensive
soil preparation for the following crops superfluous (BIGOT,
1977, p. 243,.

2.22 The profitability of mechanised rainfed rice producti¢

2.221 lnvestment in land development

The use of mechanical implements for land preparation pre-
supposes the complete clearance of the land. Roots and the
larger stones must be removed, laterite accumulations and
teraite mounds have to be destroyed and levelled. In addi-
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tion a vehicle road network is required, but usually this
does not exist and has to be constructed. The higher the
level of mechanisation, the more care must be given to land
development, and the higher the indirect investment in in-

frastrucutre,

With the use of animal power, clearance work can be carried
out manually. If fairly large areas are to be cleared for
mechanised cropping, the use of heavy equipment (caterpil-
lar tractors) is normally indispensable'’, The amount of
investment in land development fluctuates widely according
to topography, vegetation and the intensity of the land

clearance.

Clearance by hand alone is only practicable if the trees
have not grown too big. Experiments in Senegal indicated

a labour input of 629 man-days/ha with a stand of 400
trees/ha of which 60 % had a trunk diameter of over 5 cm
(Le GRAZ 1970, p. 4). If the felled trees are left on the
field and burnt, the labour input is reduced to 394 man-
days/ha. At an average cost of 250 FCFA/man-day, this would
correspond to an investment of 98,500 to 157,300 FCFA/ha.
In Ivory Coast, using a rope winch, the costs amount to
7,500 to 30,000 FCFA/ha (CFDT 1973, p, 80; CIDT 1974, p, 22) .
The productivity of a group of workers of 3-5 men comes to
about 2.7 - 3.3 ha per month (CIDT 1975a, p. 24).

1) This applies not only to the quality of clearance work,
but also to its duration. When animal power is used,
clearance work can sometimes last for several years,
since cropping with ox-teams can be carried out on plots
that have not been completely cleared. If tractors are
to be used, clearance work with caterpillar tractors has
the advantage of removing more effectively the obstacles
to mechanical operations (and thus the danger of damage
to equipment is reduced) and of enabling mechanised agri-
culture to be started in the first year after clearance,
a fact which guarantees better use of machinery,
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The costs of clearance by using heavy caterpillar trac-
tors amount to 90,000 to 160,000 FCFA/ha. Table 2.10 i1~
lustrates the individual details of costs.

Table 2.10: Costs of mechanised land development in Ivory Coast
(FCFA/ha)

19741 1975%) 1974/75%)

Savanna Forest Savanna Forest Northern Western
Region Region

Soil surveys 4,500 8,000
Topographical
work 10,000 10,000

Felling trees,
removing roots 41,000 69,000 44,800 74,500

Pushing vegeta-
tion together
on contour dams 22,000 29,000 23,800 31,000 66,400 96,000

Loosening the

subsoil 15,000 18,000 16,700 19,500 20,000 20,000
Harrowing with

heavy disc

harrows 9,700 11,500 6,000 6,000
Digging of

wells 3,500 3,500

Total costs 105,700 143,700 118,300 158,300 92,400 122,000

Source: 1) AVB 1975, pp. 17 et seq.
2) VIRICELLE no year, pp. 18 et seq.
3) CIDT 197%a, p. 23.

Van SANTEN (1972b, p. 4) gives a figure of 605 US $/ha
(166,300 FCFA/ha) for Liberia in 1971; in which, however,
almost 75 % represent overheads which are not given in any
specific detail. The costs of mechanised land clearance in
the savanna region of North Ghana are considerably lower be-
cause of the less dense vegetation cover and come to

27,300 - 44,300 FCFA/ha (WARDA 1977, pp. 16 et seq.). WINCH
{1976, p. 185) - ‘timates the costs to be only 19,000 FCFA/ha.
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[nvestment in land clearance represents fundamental improve-
ments which add to the value of the land. If we assume an
unlimited use of the land, the annual costs are simply the
{nterest costs on capital invested in land development
(REISCH/ZEDDIES 1977, pp. 64 et seq.). With the exception

of the cost of maintaining the road network, the mainte-
nance costs (e.g. erosion control by contour ploughing)
cannot be separated from the narmal production costs.

The advantage of an investment in land development has to
be justified by an economic evaluation at the farm levell).
In these evaluations we would have to bear in mind that,
given the small farmers' ideas on profitability, the time
horizon could be considerably less than tte useful life of
the investment, or, expressed in other words, that the ac-
tual equivalent of future incomes is underestimated and
therefore high discounting rates have to be used (see also

section 3.31).

Investment in land development, however, is frequently
heavily subsidised or wholly financed by the Government,
as in the case of ivory Coast and partly in Ghana, Liberia
and Sierra Leone. In such cases, economic considerations
with regard to investments in lind development are without
or only of secondary importance for the individual farmer,

2.222 The profitability of rainfed rice production
using animal power

The use of ox-teams in West Africa is found mainly in savan-
na regions with rainfall between 600 and 1200 mm/year., Up-
land rice is only of secondary importince in these areas
(see MOHR 1969, pp. 36 et seq.). In those regions, however,
where upland rice is an important crop, cattle are usually

1) Methods are suggested by HAX 1970; KUHNE 1966; SABEL
1965 and SCHNEIDER 1971,
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not kept. Only in the last few years in these regions,

as for example in West Ivory Coast, have ox-teams been in-
troduced in agricultural development projects, and the cor-
responding farming systems with permanent cultivation have
started to be developed. There are scarcely any empirical
investigations into the use of animal power in rainfed rice
production in West Africa.

Apart from investment in land development, :the capital re-
quirements for the purchase of machinery, equipment and
draught animals, if they are not raised by the farmers
themselves, are in the order of 170,000 to 200,000 FCFA

per ox-team, The price of N'Dama cattle in 1974/75 in Ivory
Coast was about 130 FCFA/kg 1ive-weight, i.e. about 30,000
to 32,000 FCFA/animal (230-250 kg). The cost of animal
training amounts to about 20,000 FCFA/pair, and this is
taken over by the Government (PROJET DE DEVELOPPEMENT RURAL
no year, p, 7).

Multi-purpose equipment has proved practically feasible

for land preparation. The purchase price is 39,000 to
40,00U FCFA for these "multiculteurs", 25,000 to 30,000
FCFA for a seed-drill (one or two rows), 50,000 to 60,000
FCFA for an ox-cart, and about 5,000 to 7,000 FCFA for a
yoke, draw-chain, etc., coming to a total capital investment
of 110,000 to 140,000 FCFA per ox-team. In contrast to tra-
ditional farming, where fixed costs are insignificant, an-
nual depreciation costs of 15,000 to 20,000 FCFA for these
implements have to be taken into consideration. In addition
an annual rate of animal losses of 8-10 % can be expected

in the case of draught oxeni) (CIDT 1975a, p. 19), and cocts
of 3,000 to 5,000 FCFA have to be paid annually for vete-
rinary services (CIDT 1975a, p. 21). The total fixed costs

1) There is no depreciation cost for draught oxen, since
they can be sold for at least their purchase price at the
end of their period of use, if they have been properly
kept.
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amount to 23,000 to 31,000 FCFA per ox-team and year,

which js, with a cropping area of 3-6 hectares per ox-

team, 3,830 to 10,330 FCFA/haI). The interest costs on capi-
tal investedz) a2mount to 4,300 to 5,000 FCFA per team or
720 to 1,630 FCFA/ha. The interest cost on the investments
in land development is usually small, due to the fact that

i
clearance work is done mainly by hand.

Table 2.11 gives an idea of the costs and returns of rain-
fed rice production with draught oxen., For the economic
evaluation, average yields at the regional level, and for
comparison the average yields of the better holdings, have
been used. I[f we compare the gross margins here with those
of semi-mechanised cropping (see Table 2.14), we see that
they are almost the same in the central region of Ivory
Coast but lower in the West Region because of the higher
average yields in semi-mechanised cultivation. The variable
costs associated with the use of draught animals come to
only 25-45 % of the costs of mechanisation for semi-mecha-
nised cropping. However, if we include the fixed costs in
our consideration, the differences are slightera), and trac-
tor hiring becomes more competitive. Assuming constant
yields, the effect of mechanisation on the return to labour

is degoendent on:

1) The average cropping area per ox-team in 1973/74 (1974/
75) was 3.4 ha (4.0) in the north and 4.1 ha (4.5) in
the central and western regions, The planned cropping
area per team is 6 ha (CIDT 1975a, p., 27).

2) The rate of interest for calculation purposes is 5 %.
For the sake of simplicity, the interest costs were cal-
culated on 50 % of the purchase price.

3) In the example from the western reaion, rates for trac-
tor hire are very favourable, resulting in the high com-
petitiveness of semi-mechanised cropping. But if tractor
hire is not subsidised, the use of draught animals is
in any case more favourable.’
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- the amount of labour saved by the variour forms of mecha-
nisation, and

- the level of wage costs, and the opportunity costs of

Tabour in relation to the costs of mechanisation,

The use of animal power is usually less profitable than
mechanised cultivation in as far as it involves a con-
siderably higher input of manual labour. This is particular-
ly true in the initial stage of expanding the use of draught
animals, when the input of manua) labour is still high be-
cause of the lack of experience with this cropping method.
Nevertheless, animal traction can be advantageous, because
it enables mechanical weed control to be carried out, since
weeding represents a considerable part of the total labour
input in semi-mechanised cropping1 .

Rainfed rice is highly profitable compared with other crops
in the rotation, as Table 2.12 illustratesz)' The corres-
ponding break-even yields3) concerning returns to land can
certainly be achieved for yam in the central region of
Ivory Coast4), and the yield level is about equal to that
of rice., For maize and groundnuts, however, due to the gi-
ven price conditiont, break-even yields are much higher
than average yields even at very low rice yields of 10 dt/
ha, In the case of cotton too, a yield leve) considerably

1) The use of tractors for mechanical weed control is 1i-
mited, because at this time high rainfall scarcely al-
Tows them to he employed.

2) This applies also if tha yield uncertainty caused by cli-
mate is taken intn consideration (see Appendix VII),

3) The break-even yields (prices) of two or more crops are
the corresponding yield (price) levels when, assuming
given production costs, the gross margins of the crops
compared are equal., See REISCH/ZEDDIES 1977, pp. 20 et
seq. concerning the method used.

4) If we assume a producer price of 15 FCFA/kg, as was paid
in some cases in 1974/75, yam is far more profitable than
all other crops. A price of 10 FCFA seems to be more re-
alistic, since the demand for yam in Ivory Coast is 1i-
mited, and ihe price elasticity is therefore very high,



Table 2.11: Costs and returns of rainfed rice production using draught oxen in Ghana and Ivory Coast

Ivory Coast 1974/751)
Western Region

Central Region

Ghana 1973/7£27
Northern Region

(kg paddy/ME-day}

()2 () (n)?) (W)
Yield (kg/ha) 1,500 2,000 1,800 2,500 1,500
Producer price (FCFA/kg) 65 65 40.6
Gross returns (FCFA/ha) 57,500 130,000 117,000 162,500 60,900
Total variable costsc)
(FCFA/ha) 27,470 27,470 13,535
(28,070) (28,570) (17,245)
- seeds 7,875 7,875 2,200
- mineral fertiliser 14,875 14,875 1,585
(5,165)
- small implements etc. 400 400 1,035 .
- hired labour - o) - e) 5,580 -
- ox-team d) 4,320° 4,320 3,135 pr
- land development (€20) (1,100) (130) .
Gross marginc) (FCFA/ha) 70,030 102,530 89,530 135,030 47,365
(69,430) (101,930) (88,430)  (133,930) (43,655)
Labour requirement (ME-days/ha) 115 128 137 148 260
Gross margin per ME-day 609 801 654 912 182
(FCFA} (604) (796) (645) (905) (168)
Labour productivity 11.3 15.G 13.1 16.9 5.8

a) Average yield
b) High yield level

c) Without interest costs for running capital.
d) Interest costs (5 %) for capital invest-
ment in land development,

Source: 1) CIDT 1975a, p. 30; 2) WINCH 1976, p. 76.

e) Costs of coucentrates for 14
working-days (4 kg/day x 8 FCFA/kg)
and maintenance and repair costs

for implements .
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Table 2.12: Break-even yields with regard to return to land of the
most important crops in farming using animal power com-
pared with different yield levels of rainfed rice in
Ivory Coast (prices 1974/75)

Average Producer Gross Break-even yield com-
yield price margin pared with rainfed rice
at a yield of
10 15 20 25

(dt/ha) (FCra/dt) (FCFA/ha) dt/ha
Yam 120 1,000 88,350 69 102 134 167
Maize 18 2,000 33,270 20 36 83 69
Groundnuts 14 2,2J0 21,340 21 36 51 66
Cotton 10 6,500 51,450 8 13 18 23

Source: Calculated by the author,

higher than t t of rice is necessary to achieve equally
high gross margins. However, it must be borne in mind that
in those regions where cotton can be grown in the same year
after maize or groundnuts, the return per unit of land from
these crops increases.Thus, for example, assuming a rice
yield of 20 dt/ha and an average maize yield of 18 dt/ha,
the break-even yield of cotton would be only 13 instead of
18 dt/ha seed cotton.

If we consider the profitability of rainfed rice as far as
returns to labour are concerned (Table 2.,13), it is apparent
that yam becomes less favourableon account of the high la-
bour requirements, but maize and groundnuts compete better,
whereas the competitiveness of cotton changes only slightly,
It cannot be overlooked, however, that in the case of the
other crops too the labour requirements change with diffe-
rent yield levels, a fact that was assumed in Table 2.1%

for rice., This causes a somewhat smaller variation of break-
even yields,



- 47 -

Break-even yields with regard to returns to labour of the
most important crops in farming using animal power com-
pared with different yield levels of rainfed rice in
Ivory Coast (prices 1974/75)

Table 2.13:

Gross Labour Gross Break-even yield com-
margin requirements margin pared with rainfed rice
per at a yield of
ME-day 10 15 20 25
(FCFA/ha) (ME-days/ha} (FCFA) dt/ha
Yam 88,350 220 402 107 165 208 232
Maize 33,270 85 N 16 27 35 40
Groundnuts 21,340 90 237 8 29 37 42
Cotton 51,450 135 381 9 15 19 21

Source: Calculated by the author,

The use of average gross margins per ME-day is, however,

of limited value and can sometimes lead to false conclusions
when evaluating the competitiveness of these crops for la-
bour, if the labour requirements of the crops differ over
the course of the year, What is vital for optimal factor
allocation is not the average return to labour but the re-
turn to labour in those periods when labour is in short
supply. This problem has to be investigated in each indivi-
dual holding and can only be sclved by means of simultaneous
planning methods,

But nevertheless we can draw the conclusion from this analy-
sis, that rainfed rice cultivation is a profitable enterprise
with regard to both, returns to land and labour compared to
other crops in farming systems using animal power.
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2.223 The profitability of semi-mechanised rainfed rice

production

The term “semi-mechanised cu]tivation"1) refers to those
activities where ploughing, seedbed Preparation and some-
times sowing is performed by tractors, with all other field
Work such as weeq control and harvesting being carried out

Apart from the investment in land development that is fre-
quently subsidised or completely borne by the Government,
there are no further investments at farm level, since the
machine work is carried out mostly by the Government, co-
operatives or private entrepreneurs, Except for the inter-
est costs on the capital invested in land development,

the burden of fixed costs in semi-mechanised farms does

not differ rrom that of farms in the traditiona) sector,
and as a rule it is negligible, The application of yield-
increasing inputs in semi-mechanised rice production is Ti-
mited to improved seeds {dressed and cleaned seed, some-
gher yield potential) and mineral
fertilisers, Chemical plant protection is usually not prac-
tised. Compared with traditionai cropping, yield increases
of between 30 % and about 100 2 are attained, as illustrated
by Table 2.15, The mechanisation of land preparation has no
influence on yields (see also section 2.213 ang Appendix
Vil).

Under favourable climatic conditions, average yields of
about 20 dt/ha can be achieved, ang indeed with relatively

1) If we define mechanisation as "any mechanical means used
in the process of agricultural production" (KLINE et al.
1969, p. 1), strictly speaking the use of hand tools re-
presents a semi-mechanised method of cropping, In the
case under review, the term “semi-motorised cropping”
would be more Precise, but it jg not used because the
term “semi-mechanised cultivation” generally predominates,
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w mineral fertiliser doses of 30-50 kg/ha N, 20-30 kg/ha
05 and 20-40 kg/ha'KZO. As.Tab1e 2.14 demonstrates: fem1-
chanised rainfed rice cultivation under these conditions
economically profitable at the farm level. The total
riable costs as a proportion of gross returns amount to
.30 %. If only average yields of 10-15 dt/ha are attained,
is proportion rises to 40-50 % and, without Government
psidies for the input of machinery or fertiliser, to over
gy as, for example, in Sierra Leone and Ghana.

.cause of the higher yields, the gross margins are higher
jan those from traditional farming (see Table 2.2), and
are comparable to the gross margins achieved in farming

ey
istems using animal power (Table 2.11),

Jt when we draw these comparisons we must bear in mind the
Ifference in fixed costs. With mechanical land clearance,
se annual interest costs on the capital investments in

ind development is approximately 6,000 - 8,000 FCFA/ha,
yich is nearly equal to the average fixed costs of animal-
raction farming. If the Government finances the investment
a land clearance, semi-mechanised farming becomes more
dvantageous. The labour productivity of semi-mechanised
arming is considerably higher compared to traditional up-

and rice cultivation, because of the higher yields and the

ower labour input.

he labour input for field work in upland rice cropping is
0-100 ME-days/ha, and the total labour requirements are
50-160 ME-days/ha (Table 2.16). Non-bunded rainfed rice
ultivation on the other hand, is carried out with a less
ntensive use of labour, amounting to about 50-80 ME-days/
. This is mainly attributable to the lower labour input
or weed control, which is also one of the factors under-
ying the lower level of yield.



Table 2,14: Costs and returns of semi-mechanised rainfed rice production in West Africa

Liberial) !vory Coast Nigeria? Sierra Leone®) Ghana®) Northern Regiond’
iqnl) 3) Abeckuta/ Oyn North . c) Improved  Traditional
Foya Area Ceatral Region Western Region Ondo Circles Division Bolilands varietics varieties

1971772 1972/13 1974775  1972/73 1974475 1970 1970 1973774

Vield {kg/ha) 2,350 1.800 2.300 2,050 719 1,395 1,250 1,050

Producer price (FCFA/hg) 30.3 28.0 65.0 28.0 65.0 35.8 5.8 29.0 0.5 40.6

Gross _r't’j:u.T {FCFA/ha) 71,205 50,490 117,000 64,600 149,500 73,390 25,420 40,455 50,750 42,639

Total variable costs?lFcFasna) 21,170 26,900 41,300 24,565  39.59g 11.030 9.490 11,570 26,40 24.23)

R (29,490)  (30.850) (47,975) (31.750) (17.50%) (25.505) (3.770)  (21.273)

- sreeds 2,335 2,00 5200 3,375 7.87% 1,310 1,165 1,920 4,485 3,880 '

- mineral fertiliser 13,240 9,300 12,300 7,890 14,875 3,445 10 1,310 2.630 930 o

ra (3,050) (3.07%) e

- tractor hiring 5,095 12,500 23,300  8.009 10,000 680 6,975 5,710 1n,000" 1,707 '
na na {19,675} na na

- small implements, tools etc. 500 con 500 ano azn 730 1.030 10 2,115 1,780

- nired labour - - - 4,900 6,420 2,865 - 1,919 6.070 5,33¢

- 1and development?) (8,320) (5,950)  (6,675) 17.185) (7,915) na na na 1940) (950)

Gross_margin®) (FCFA/Ra ) 50,045 25,500 15760 39,835 109,910 62,360 15,930 8,885 24 a10 18,400

R {41.215)  (19.550) (69.025) (32.650) (101.995) (14950} (17,060) (15,355}

Lazour input (ME-days/ha) 1218} 95719) 117f) 210} 10a) 738! az°lal agtla)

Gross margin per 4i-day?) 355 268 797 382 994 297 153 395 709 494

TTFRY - (29) (206) (727) (321) (927) (216) (537) (a31)

Labour productivity 16.7 18.9 19.7 9.8 6.8 17.9 29.1 21.9

% paddy/ME-day)

Footnotes see page 51

Best Avaflable Document
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Footnotes for Table 2.14:

a) Without interest costs for capital. Non-subsidised
values in parenthesis.

b) Interest costs (5 %) of total costs of land develop-
ment.
¢) "Bolilands are extensive low swamp grasslands in the

central and northern part of Sierra Leone. Fertility

is low and the area floods up to about half a metre

for periods ranging from four weeks to three months"
(SPENCER 1975a, S. 13). This type of rice cropping can
be classified therefore as non-bunded rainfed rice cul-
tivation (see Table 1.3).

d) Cropping on the so-called "valley bottom lands" (Fadamas)
and in river valleys, which are inundated for several
weeks towards the end of the rainy season. This type
has to be classified therefore as non-bunded rainfed
rice cultivation, too (ESPIG et al. 1975, p. 49),

e) Sowing, weeding and harvesting done by hand.

f) Land preparation and sowing done by tractor, all other
operations by hand,

g) Threshing partially mechanised.
h) 15 % of the area harvested by combines,

i) 20 % of the area harvested by combines.

Source: Compiled by the author from 1) VAN SANTEN 1972a,
T pp. 29 et seq.; 2) AYB 1975, pp. 17 et seq.;
3) Author'ssurvey; 4) 0SIFO 1971, pp. 39 et seq.;
5) SPENCER 1974b, pp. 6 et seq. and 1975a, pp. 14
et seq.; 6) WINCH 1976, pp. 62 et seq.
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Table 2.15: Yields from traditional and semi-mechanised upland rice
cultivation in Liberia and Ivory Coast

Lieria 1970/71"  Liberia 1971721 Ivory Coast?)
1974775

12) ub) 12) ub) 12) ub)
Size of sample 16 13 15 21 30 29
Average yield
(dt/ha) 15.3 28.1 22.4 33.5 17.4 23.0
Range
(dt/ha) 5.6-25.8 4.0-55.4 9,4-39.8 12.6-68.6 4.3-28.8  13.6-32.0
Variety trad.  Socotera trad. Socotera trad. Morobére-

107 107 kan

Mineral fer-
tiliser
(kg/ha N-P-K) - 29-17-17 - 29-17-17 - 45-23-23

a) Traditional cropping; b) Semi-mechanised cropping

Source: 1) VAN SANTEN 1972c,pp. 2 et seq.;
2) Compiled by the author,

From Table 2.17 we get an idea of the profitability of rain-
fed rice compared with other crops in semi-mechanised agri-
culture in the central region of Ivory Coast. There are no
fundamental differences in the break-even yields with regard
to returns to land compared to animal traction farming
(Table 2.12). The conclusions apply also to semi-mechanised
cultivation. This problem is dealt with in more detail in
sections 2.34 and 2.45,
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2.16: Labour input in semi-mechanised rainfed rice cropping

Table
- in West Africa (ME-days/ha)
oial) 3] -
Liberia Ivory Coast Ghana S1errg
Foya Area Central  West-_ . Norther Leone)

Region2) Region3) Regionagb) Bolilands®’

Labour for seed-
ped preparation
(burning the
stubble, collect-

ing stones, etc.) - 11.5 20.7 -
17.5

sowing (broad-
cast) 3 - - 1.7

tiliser appli-
Fe on 2 5.2 2.1 1.5
Weeding 62 53.7 50.6 9.7 16.8
Fencing - 3.8 5.3 - -
Guarding the
falds 199) 8.8 17.3 . .
Harvest and
transport 12 37.7 39.2 18.6 42.0
Threshing and
cleaning 62 33.0 17.7 22.1 7.6
Total labour for
field work ¢) 79 111.9  116.9 31,5 70.3
Total labour
input 160 163.7 161.6 53.6 77.9

a) Data converted to ME-days (Gh/ME-day).

b) Non-bunded rainfed rice cultivation (see Table 1.3).

¢) Without further processing or guarding the fields.

d) Data per acre have not been converted to per hectare,
because there are considerable economies of scale.

Source: 1) VAN SANTEN 1972a, p. 29; 2) BONNEFOND 1971, Vol. 2,
pp. 44 et seq.; 3) Compiled by the author;
4) WINCH 1976, p. 65; 5) SPENCER 1975a, p. 19.
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Table 2,17: Break-even yields with regard to returns to land of the
most important crops in semi-mechanised farming compared
with various yield levels of rainfed rice in Ivory Coast
(prices 1974/75)

Average Producer Gross Break-even yield
yield price margin compared with rain-
fed rice at a yield
of
10 15 20 25 30
(dt/ha) (FCFA/dt)  (FCFA/ha) dt/ha
Yam 125 1,000 86,300 65 96 ic/ 158 189
Maize 19 2,000 17,1060 24 39 55 70 86
Cotton 6.5a) 6,500 22,600 7 42 17 2v 2

a) Average yields of 10 dt/ha seed cotton are given for cotton
cropping with animal traction (see Table 2.12). This higher : 14
can be attributed to the fact that ox-teams were mainly intro-
duced in Ivory Coast by the Compagnie Ivorienne pour le Développe-
ment des Fibres Textiles, that is principally interested in
raising cotton production and concent-ates its extension work
on this activity.

Source: Compiled by the author.

2.224 The profitability of fully mechanised rainfed

rice production

Fully mechanised rainfed rice cultivation in West Africa is
confined to just a few largescale farms in Liberia, Ivory
Coast and Nigeria. An exception to this is North Ghana,
where a fairly large number of holdings have developed since
the end of the sixties tha: practise fully mechanised
rainfed rice cropping on farms of about 150 to in some cases
over 400 ha. In this region, however, the type of farming

is non-bunded rainfed cropping on land that is flooded up

to 50 cm for several weeks towards the end of the rainy sea-
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son and on which rice is continuously grownl). In contrast,
upland rice nas to be included in a rotation, and therefore,
in this type of farming, there is usually the problem of
finding other farm enterprises that can be integrated into

a highly mechanised farming system and which are economically

feasible.

The cultivation methods are the same as those of mechanised
grain production in temperate climates. At the beginning of
the rainy season the soil is ploughed and the seedbed is pre-
pared with disc implements. Sowing is carried out using
seed-drills with spacings of 30-60 cm between the rows

(60-80 kg/ha). Sometimes broadcasting is practised. Mineral
fertiliser doses are usually low: 40-60 kg/ha N, 30-60 kg/ha
P,0s and 20-60 kg/ha K,0. Multinutrient fertilisers are me-
chanically applied before the first or second harrowing;
nitrogen fertiliser is manually applied as top dressing be-
tween sprouting and coming into ear. Weed control with her-
bicides is mostly supplemented by hand hoeing. Mechanical
weed control has proved impractical while the rice plants

are young (RENAUT 1972, p. 233), and later it is scarcely
possible because the high rainfall makes the land too wet

to use tractors. Chemical weed contro] consists almost ex-
clusively of contact herbicides. A mixture of Propanil

(3-3.5 kg/ha) and Phytohormones (C.7-0.8 kg/ha 2,4-D and
MCPA), if correctly applied, can effectively control weed
growth after germination. Pre-emergence herbicides are not
suitabie (RENAUT 1972, p, 335), because shortly after applica-
tion their effect decreases sharply and because there are
problems that occur with irregular rainfall distribution,
Harvesting is done with combine harvesters, Depending on

the moisture content of the grains, the paddy has to be dried
after harvest (usually air drying).

1) As yet there is no information on whether this form of
land use can be Practised over quite long periods of time
without endangering the yield potential of the land.
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In some regions, yield losses through bush rats ang weaver
birds are very high. Therefore, the fields are fenced and
are guarded for some days after sowing and before harvesting,

Table 2.18 presents examples form West Africa of the costs
and returns of fully mechanised rainfeg rice production.
Some of the figures are actual data (Liberia, Ghana 1973/74),
and some are model calculations based on information from
largescale farms. The yield level of approximately 20 dt/ha
is on average not higher than in semi-mechanised cultivation
on smallscale farms. If rice is cultivated on the same field
for several consecutive years, there is the danger of yields
declining drastically (5-10 dt/ha), especially in regions
with high rainfall, because of increased weed growth and the
occurrence of diseases (mainly Piricularia oryzae) and nema-
todes (Van SANTEN 1974, p, 51),

The total variable costs are on average about 40-50 % of

the gross returns, and they are much higher than in the case
of semi-mechanised cultivation. The losses in the examples
in Liberia are due to the high wage zosts for bird scaring
and the costs of chemical plant protection. In the other
examples the gross margins are positive, and after deducting
the fixed costs there is a profit of 20,000-30,000 FCFA/ha
with average rice yields of 20 dt/ha1).

Depending on the level of yield, the fixed costs per hectareZ)
amount to about 30-70 % of the gross margin. This level of

the fixed costs is influenced decisively by the efficiency

of the agricultural machinery, since most of the capital

1) In Northern Ghana the profitability of fully mechanised
rice cropping in 1974/75 could be guaranteed only because
minaral fertilisers were subsidised. Without fertilisers
being subsidised, cropping would only be profitable if
the use of tractors were technically highly efficient
and if the level of yield were over 20 dt/ha (FISCHER et
al., Vol. 1, pp. 28 et seq.).

2) see p. 58
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Table 2.18: Costs and returns of fully mechanised rainfed rice production in West Africa
—e .

37 5)
eria Ivory Coast Ghana, Northern Region
197051 19712) 1974775 j 19717724} "~ 1974754) 1973/745)  19746)
yield (dt/ha 21.6 16,0 20,0 20.2 20.6 30,2
producer price (FCFA/kg) 6.4 3.4 65 35,8 49,0 40.6 49,0
Gross_returns (FCFA/ha) 78,625 58,240 130,000 72,315 98,980 83,635 147,980
Total variable costs
a 135,500 124,665 63,645 36,035 48,230 35,790 38,195
) {41,300) (76,985)
. Seeds 6,275 6,275 7,350 3,460, 5,315, 4,200, 6,010,
. Fertiliser 16,810 12,900 16,350 5,480 5,180 5,705 5,180
. Herbizides, '
Pesticides 21,725 10,095 5,845 . 18,060%) - .
. yariable
machinery costs 13,485 14,945, 23,140 3,965 5,110 13,120 13,650
- Hired labour 43,255 77,410 6,960 17,305 7,430 3,415 11,535
- Other costs
{sacks, tools, etc.) 6758 2,450 4,110 4,840 3,475 .
- Interest costs on
running capital ¢) 3,305 3,040 1,550 1,715 2,295 875 1,820
0ss margin (FCFA/ha) 56,905  -66,366 66,355 36,280 50,750 47,834 169,785
Gross margin
xed costs (FCFA/ha) 6,20 1g2s01) 344700 5,130%)
Fixed costs

- Depreciation (machinery,

implements and build-

ings) 18,510 7,530 15,830 21,280
- Haintenance and]repair

hinery, implements

e 5,930 5,490 11,190 12,400
- Other costs (admininis-

tration, insurance,

taxes etc.) 11,630 5,230 7,450 1,450")
profit™  (FCFA/Ra) 30,085 18,030 16,280 74,655

Interest costs for capi-
tal investments in ma-

chinery, implements

and buildings ™ [FCFA/ha) 1,370 1,140 2,330 3,750
interest costs for capi-

tal investments in Tand

developrentV) (FUFARaT 7,190 1,440 1,880 2,110
—_— e
aj 1 US'$ 2 275 FCFA, k) Supposing a performance of machinery of

8) 1KE = 292 FCFA (1970/71) and 276 FCFA (1974/75), 126 na/tractur and 200 ha/combine.

¢) 5% for 6 months, 1) Administration costs excluded.

4) Guarding the ficlds, m) The Profit is over-estimated, because there was
ej Jrying ind storing, no information on costs of borrowed capital,

f} Subsidised by the Government (50-80 3), n) 5 1p.a, from S0 : of the purchase price,

31 Aerial sprayirg includeq. 0) 5% p.a, of the tota) investment in land

n} 370 ha of rice, performance of the machinery devalopment ,

90 ha/trictor and 185 ha/combine .
1) Supposirg a performance of the machinery
of 80 ha/tractor and 200 ha/combine.

Source: 1) McKAY 1970; 2) Mcxay 1971; 3} Compiled by the author; ) FISCHER et a). 1975, Yol. 2, pp. 24 et seq
5) WINCH 1575, p. 101; 6) WARDA 1977, pp, 75 et seq.

Best Avaflable Document
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(80-90 %) is invested in machinery and implements (90,000-
170,000 FCFA/ha). The efficiency of the machinery (trac-
tors, combine harvesters and implements) is in turn depend-
ent on:

- natural factors like climate, soil type, topography;

- the shape and size of plots and their spacial distribu-~
tion;

- the quality of land clearance, and
- the technical and organisationa) efficiency of the
utilisation of machinery,
The natural conditions are very important in rainfed farming.
The level and distribution of rainfall and soi) composition
determine the period when sowing is possible1 and the days
available for fielq work, especially for land preparation
and harvesting. Together with the other factors they also
influence how much time individual tasks take to complete,
and thus at the same time they largely determine the variab-
le costs of machinery. The shorter the time in which rice
can be sown, the greater the need for more power, i.,e., the
greater the capital investments Per hectare and the greater
the production risks and losses, if timely operations are
not adhered to.

Footnote 2) from page 56:

2) In the example in Ivory Coast, where upland rice is
Cropped as part of a ley-system, 90 % of agricultural ma-
chinery and implements and 50 % of all other overheads
were attributable to rice production,

by the period in which a sufficient water supply to the
rice is guaranteed (during coming into ear up to mi]k
ripeness? and soi) conditions allow the use o° combines
at the time of harvest.
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2.3 Traditional ang Semi-mechaniseq Upland Rice Production
Under Favourable Climatic Conditions in Hest Ivory
Coast

This case study is based gn Surveys that were carried out
between February 1974 and March 1975 in five villages of
the Sous-préfecture Biankouma, about 30 knm north of Man
(see map 1, Appendix III). A detailed description of the
method of the investigation is given in Appendix v.

2.31 The study area

2,311 The natural conditions

The region where the survey was carried out is in the moun-
tainous area of “Monts du Toura%, an eastwards-running spur
of the "Dorsale guinéen". It lies within the northern bor-
der zone of the tropical rainforest, in the transitional
area to Guinea Savanna. Rainfal] is 1,700-1,800 mm/year

and occurs in one rainy season lasting from March to Octg-
ber, reaching its maximum of 300-350 mm in Septemberl).

Thus with regard to rainfalj the western region is one of
the most favourablerainfed rice cropping areas 1in [vory
Coast for varieties with a vegetation period of 110-150
days (GIGOU 1973, pp, 871 et seq.). The average annual
temperature is 24,8°C, and there are only slight variations
within the year. The Pronounced relief pattern of this hilly
landscape encourages the formation of microclimates. Soil
erosion damage due to rainfall is high: the R-valye on the
¥ischmeier scale is 800-900 (ROOSE 1977, p. 133).

Most of the soils on the plateaux ang on the slopes belong
to the ferralitic soils, which are usually deep, and from
the point of view of their composition provide favourable

—

_—
1) For data on climate see also Appendix v,
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conditions for arable cropping. The clay content is 30-50 3%,
and organic matter represents 4-8 %, which is relatively
high, The pH-value ranges between 4.5 ang 6. The content of
exchangeable salts is low, and there is a genera] lack of
Phosphorous. The hydromorphic s0ils in the valley bottoms
are pseudoglei or glei soils on 4 mostly very sandy substrg-
tum, and these so0ils are Jess suitable, therefore, to irri-
gation farming (BDpPA 1966, Vo1, 3, p. 17).

2.312 The socio-economic conditions
———————=_NOMIcC conditions

Compared with the national average, the area round the town
of Man is relatively densely populated, with approximately
50 persons per km?. Since the population ig concentrated
along the main roads, the population density in the survey
area is eyen higher,

On account of its remoteness, the region has scarcely been
économically developed. There is almost no industry
(BORCHERT 1972, p. 122}, Agriculture ig characterised by
smallholdings operating in the traditional manner. Rice

is the staple food and is grown under rainfed conditions

) Other foodcrops, 1ike
maize, cassava or plantains, are of secondary importance,
The most important cash crop is coffee, Livestock-keeping
(sheep, goats, poultry) js practised exclusively to supply
domestic needs, and cattle are rarely kept, The land is cyl-
tivated by smal] family holdings, Private ownership of langd
is unknown, but transferable rights (inheritance, sale) can
be acqui}ed by the cultivation of perennial crops,

almost exclusively for subsistence

1) In 1968, about 15 % of rice production was sold. This
Proportion may have risen slightly in recent years, par-
ticularly on account of the development of wet rice cul-
tivation,
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3.313 The development of mechanised farming

In the survey region, a development project was started at
the end of the '60s whose aim was to test concepts for moder-
nising the rural areas by setting up model villages. The main
objectives of the project were as follows (RCI/MINISTERE DE
L'AGRICULTURE 1966, p. 5):

replacing the traditional shifting cultivation system by

means of mechanisation and transition to permanent farming
with crop rotations;

improvement of the income of the agricultural population
by raising farm and net cash incomes;

changes in the traditional social structures by founding
cooperatives;

improvement of living conditions in the villages by
building up an infrastructure (road building, digging of
wells, etc.) and by granting credit for brick-houses.

The project objectives thus corresponded essentially with

the targets stated in the five-year plan 1971-75 for agricul-
tural development policy at the farm level (see RCI/MINISTRE
DU PLAN 1971, p. 138).

The implementation of the project was the task of the “Ser-
vice de Prévulgarisation"in the Ministry of Agriculture,

and was taken over in 1975 by the Société pour le Développe-
ment de la Riziculture (SODERIZ).

The phase of mechanised farming began in 1969/70 with the
foundation of a "Cuopérative pour 1'Utilisation du Matériel
Agricole" (CUMA). This farm machinery cooperative was equip-
ped with two tractors wit their implements (aisc plough

and disc harrow, drill machine, slasher and trailer). By
1971, 220 ha of land had been mechanically cleared ty the
Government and about 30 ha manually by the farmers. Because
the mechanised operations were discontinued in two villages
on account of the farmers' unwillingness to pay, only about
200 ha of this land were cultivated in 1974/75 with tractors.
Participation by the farmers in the project is voluntary,



but jr they do Join, they are obliged to comply with the
instructions of the extension staffi). In 1974775 the CuMa
had 122 members,

2.32 The Organisation of farmg
2.321 The résource base
———=22Urce base

2.3211 Labour

Since no Permanent hired labour jg employed, the Supply of
labour tg the farms is determined fundamental]y by family
size (r - 0.875***). The basic social ynit of the Yacouba
is the Ssimple family, consisting of the head of family,
Wife op wives, children and Sometimes other People who are

Labour force Per unit are, is the same in poth groups (0,65
ME/ha Cultivateq area) ang decreases as the farp size jp in-
Creases (p - “0.547%%xy

—_—

1) This form of organisatjop thus has features ip common
wWith Contract agricultyre and "production under clpge Su-
pPervisjopn (see RUTHENBERG 1973, pp. 238 et seq. ),

n similar Projects
in the Central west region of Ivory Coast, ip Which vy
attributiong de champs sur bloc de Culture semi~motorisee
Se sont ep effet Iocalisées plutst dans Jeg groupes dijs.
Posant d'ype Main d'oeyyre abondante" (RCI/MINISTERE DE
LA RECHERCHE SCIENTIFIQUE 1977, p 12),
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Jable 2.19: Demographic features and labour supply on traditional and
semi-~mechanised holdings in West Ivory Coast

Feature Regional Traditional Semi-mechanised Differ-
average< _ho]din?s p) _ holdings ence
X Cv(g) X cv(%)
Number of
persons per
household 6.2 6.9 33 10.8 . 53 bokod
Number of wives
per farmer - 1.3 46 2.3 51 badeded
Age of the
farmer (years) - 40.6 24 46.9 20 i

Labour force ¢)
(ME) 3.0 3.2 34 4,5 48 >

a) Results of the agricultural census in 1974 in the Département
Biankouma (RCI/MINISTERE DE L'AGRICULTURE 1976).

b) Coefficient of variation (standard deviation as a percentage of
the mean value),

c) Number of persons between 15 and 59 years old,

Source: Compiled by the author.

2.3212 Land

According to the traditional concept of law no one can ac-
quire private ownership of land, but only usufructury rights
to use the land for certain periods of time. Since al] other
land is communal property, the fallow is not considered as

a part of the holding. For this reason, the farm area com-
prises only the land cleared for arable farming and the
stands of perennial cropsl and is therefore variable to a
certain extent from year to year.

1) Cassava and plantains are considered as arable crops,



and only one-third is thuysg used for arable farming (cf,
Table 2.20), Because of the larger area used for perennial
crops, the mean value lies above the average for the region,

and cocoa c¢ropping in the Département Biankouma noticeably
declines frop north to south, ang the survey area lTies on
the southern border of the Département,

Table 2.20: Land use in traditional and semi-mechanised holdings
in West lvory Coast {(ha)

Regional Traditiona) Semi-meghanised Differ-

averaged _holdings _ holdings ence
X cv?%) X cv(%)

Cultivated area 3.7 4.9 67 7.2 54 *
Prennial crops 2.1 3.3 96 4.1 73 n.s.
Field crops 1.6 1.6 52 3.1 72 *
Mechanised area . - - 1.9 53 -
Theoretical
farm size b) 10.5 12.2 57 10.2 72 n.s.

a) Results of the agricultural census 1974 for the Département
Biankouma (RC1/MINISTERE DE L'AGRICULTURE 1976).

b) Traditional rice area x (fallow period +1) + area of perennial
crops + mechanically farmed area, On account of the traditional
concept of land ownership, this is a theoretical value,

Source: Compiled by the author,

vation and 17 % for traditional farming. Perennia) crops
occupy 57 % of the total cultivated area,

If we include the fallow in our consideration, and assume
that for traditional rice cropping only fallow land is clear-
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ed, the result is a theoretical farm size of 12,2 ha for
traditional holdings campared with 10.2 ha for cooperative
holdings,

The distribution of farm size in Diagram 2.2 shows that only
40 ¢ of the traditional holdings, compared with approximate-
ly three-quarters of the semi-mechanised holdings, cultivate
more than 5 ha. In the Département Biankouma, however, only
22 % of farms are larger than 5 ha.

.

Diagram 2.2: Farm size distribution in traditional and semi-mechanised
holdings in West Ivory Coast

Traditional farms Semi-mechanised farms Depart,Biankouma
(n=30) (n=30) (n=8390)

Cass T T 2 [y I Y “_L"'}ﬁ |
Fam size Tha) <0 | 12.59 | 3-4.99 [5-7.49 ] 7-5_-?-_?9.41_ 10-14.99 515

|
h
[

~-

The part of .he area devoted to perennial crops greatly
influences the variation in farm sizes within the two groups.
Diagram 2.3 shows that the distribution of perennial crop
areas compared with the total lang area is considerably more
uneven. The Gini-ratio (GR)1) in the semi-mechanised holdings
1) The Gini-Ratio is a measure of disparity and is difined
as the ratio of the area between the diagonal and the Lo-

rénz curve to the total areqa below the diagonal, See
PIESCH (1975, Pp. 28 et seq.) for the calculation method,
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Diagram 2.3; Relationship between number of holdings, cultivated area
and area devoted to perennial crops in traditional and
semi-mechanised holdings in West Ivory Coast

100

80
0
- )
S
2 5
'.;.'; I Seri-aech,
het g holdings
s " (cr = 0,28)
5 ) Irad, holdings
g ) (68 = 0,3)
- .
=
i
(&)

1020 3 4 g 60 0 8 g 100
Cumulated percent of total holdings

Seaj~aech,

holdings

(GR = 0,38)
™~ Trad, holdings

(6R = 0.51)

Cumylated percent of tota) hectarage devoted to perennial crops

020 30 1 g 60 20 60 g9 o
Cumulated percent of tots) holdings

Source: Compiled by the author,
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rises from 0.28 tp 0.38, ang for the traditiona) holdings
by as much ag 0.36 to 0.51 with, in this Case, half of all
the holdings cu]tivating only aboyt 13 ¢ of the tota) pe-
remnial crop area (semi-mechanised holdings 25 %),

tainers for transport (bowls, Sacks). Two of the farmerg
owned coffee peeling machines, The cotal value of equipment1)
comes to an average of about 6,400 FCFA per holding, and ijs
not significantly different for the two groups, But the ca-
pital stock Per unit of areaa is 1,700 FCFA/ha in the tradi-
tional farms, ang thus almost twice as high as ip the semi-
mechanised farms (g1g FCFA/ha)?)

Livestock~keeping is limited to poultry, sheep, goats angd
pigs, and is carried gp solely to cover subsistence needs,
Catt]e-keeping is rape’ . About three~quarters of the holg-
ings keep poultry (6.9 units/farm). A thirg have either
goats, sheep gr Pigs, and the average of a1} farms js only
1.2 animals/farn, Only 10 % of all holdings keep more than
three types of animal, The total valye of the livestock
amounts to apoyt 12,000 FCFA per farm,

count, since they are not used predominantly in the agri-
cultuyral sector,

3) One heag of the semi-mechanised holdings owned a herd of
25 cattle that were entrusted to 4 herdsman,
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2.322 land use

2.3221 Cropping methods

The type of land use is tne traditional bush-fallow system,
with upland rice being grown as the first crop after cievar-
ance. Towards the end of the dry season' » the undergrowth
is cut down with a machete, bushes and smaller trees are
felled, larger trees and root-stock are left standing,

When this has been done, the fields are burned and debris
not destroyed by fire is then collected. When the rainy
period begins, rice is sown and worked into the sgil with

a small hoe,. Sowing is spread over a period of about 3
months, in order to minimise the risk to subsistence and

to reduce the labour peak at harvest time. The main variety
grown is Morobérgﬁgg, and traditional varieties are of se-
condary importance. In only a part of the area rice is
grown as a sole crop, and as a rule maize or cassava are
interplanted. After sowing, the fields are quarded unti]
émergence, to protect the seeds from birds, Mineral ferti-
liser application is not practisedz.

Heed control begins about 5 to 6 weeks after sowing and
lasts into September. To protect the plants from bush rats
(Thryonomys swinderianus), the rice fields are often sur-
rounded by a fence of palm leaves or branches, As soon as
the first panicles reach the milk stage, bird scaring begins
again, Harvesting is carried out with a smal) knife, with
the stalks being cut off about 20 cm below the Panicle, The
panicles are bundled, and transported, dried and stored in
this form. When required, the paddy is threshed with sticks
and then cleaned,

1) Diagram 2.4 illustrates the seasonal pattern of field
work.,

2) Some farmers in the cooperative holdings take some of the
mineral fertiliser intended for mechanised cultivation tg
their traditionally cropped fields. Since this practice
is not allowed by the agricultural extension service, the

éxact quantity cannot easily be established, but the amount

is probably very small,
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Diagram 2.4 Pattern of field work throughout the year in traditional
and semi-mechanised holdings in West Ivory Coast

—_—_——
. | Febr, | Mareh April | May | Juge July | August Septe| Oct. | Moy, Dec,

Hanual operations

Coffee

Traditional
vpiand rice

Other tradl-
tlonal arable

crops (yaw, cassavs,
groundnuts etc, )

Seal-asthanised Cm: L—_:m
wpland rice TRy
_._\f,\-\hm‘ — T

Seai-aechanised C O |

aalze (2 crops |
r

per year) i | ) sy —

—— ———— ,f e e ——— e ——— ,_.-,_,.__.*\_~_- T
Sechanise. ’
operations |
Sperations ! C—
t

Upland ricy

Oz
!
r:;x:port C o C et

ISs3szs] Cleaning of fields before ploughing

C oo

zz Clearing and burning

Land preparation ang planting Ploughing (tractor)
Sowing T rertilizer application
Guarding Mulehing (tractor)
Weeding Harroulng (tractor)
Fencing Orilling (tractor)
Harvast and transport Transport (tractor)

Activities of sinor importance
executed according to weather
conditions

Source: Compiled by the author,



- 70 -

In the following year rice is sometimes cultivaced again,
but more frequently other food crops like groundnuts, yam,
sweet potatoes, etc., are grown. Cassava is mostly the
final crop. It is harvested when needed and with time over-
grown by the fallow vegetation. Two to a maximum of four
years of cropping are followed by a bush fallow of three

to ten years,

Coffee production is practised with a very low level of
lTabour input. New coffee plantations are frequently estab-
lished through intercropping with food crops {(mainly rice)
in the first one to two years. Areas are only occasionally
cleared specifically for coffee cropping. Robusta coffee
(Coffea canephora) is practically the only variety grown,
and local varieties are scarcely found any more. Crop hus-
bandry is limited to a single cutting of brushwood {desherb-
age) and serves to make harvesting easier rather than to
increase the yield. Other measures like pruning, use of in-
secticides, fertiliser application, etc., are not practised.

This traditional form of land use is also followed by the
cooperative holdings outside the areas of mechanised culti-
vation.

The following rotation was the original plan for mechanised
cropping, and had been recommended by agricultural research
for permanent upland farming: first year rice, second year
maize, followed by cotton in the same year, third year rice,
and in the fourth and fifth years a legume fallow (Stz]o-
santhes gracilis). This rotation has, however, been modi-
fied several times:
- The use of the Stylosanthes fallow for cattle-keeping
proved impractiEE%TET_EﬁH—Ereenmanuring was rejected py
the farmers,

- Cotton cropping was abandoned because of low yields and
poor quality (rain during the harvest),
- After a short natural fallow of ode year the dense vege-

tation {Pennissetum purpureum, Rottboelia exaltata) is
a major obstacle to mechanised cultivation, even whep

slashers are used.
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- Many farmers are of the opinion that a fallow in the me-
chanised crop rotation is unnecessary because mineral
fertilisers are used.

Since 1973 a four-year rotation hes been recommended, with
three years of upland rice and two maize crops in the fourth
year. However, this rotation has only been adopted by about
half of the farmers., 10 % of them grow a higher and 40 ¢ a
lower proportion of rice, witn about a quarter of the far-
mers following a rice-maize rotation,

In the case of semi-mechanised rice cropping, land prepara-
tion and sowing are done by tractor. The land is mulched,
then ploughed, and harrowed once. A drill machine is used
for sowing (row spacing 20 cm, 70-80 kg seed per ha), Weed-
ing and harvesting are carried out manually by the farmers
themselves, as in traditional farming. Not ali farmers
apply the recommended quantities of mineral fertiliser

(NPK 40-20-20), since some of tue fertiliser is also used
for maize and the traditionally cropped fields, Harvesting
lasts into December. Because of the low grain losses of
this variety, yield losses as a result of delayed harvests
are kept within tolerable limits,

For maize cultivation the land is simply ploughed once with
a disc plough without previous mulching. Al]} other opera-
tions are carried out by hand, About 30 kg seeds are used
per hectare, and small quantities of mineral fertiliser are
applied only in a few cases. The variety cultivated, CJg
(Composite Jaune de Bouake), has a vegetation period of
about 110 days, and it is harvested in July. Directly after
the harvest maize is grown once again, and the harvest
lasts into January,
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2.3222 Yields and yield relationships

In 1974/75, the average rice yield from traditional crop-
Pirg was 18,3 dt/ha' .+ If we compared traditional ang semi -

area traditiona]]y cultivated, but Table 2,21 illustrates

an insignificant yield difference of 2 dt/ha. There is no

significant correlation between yield per hectare and cul-
tivated areaz): the correlation coefficients are r = 0.146
fer the traditional holdings and r = -0.043 for the semi-

mechanised holdings,

Table 2,21: Yields rer heclare from traditional cropping in traditional
and cooperative holdings in West Ivory Coast 1974/75

Traditional Cooperative Difference
_holdings _holdings
X cv(s) X Cv(%)
Upland rice
(paddy) dt/ha 17.4 27 19.4 17 n.s.
Coffee?) kgsha 218 o 183 18 n.s.

a) Quantity sold in relation to the coffee area, Since non-fruit-
bearing stands are included, the actual yield is somewhat higher,

Source: Compiled by the author,

1} See Appendix V for how these data were derived,

2) The calculation of the unweighted arithmetic mean is,
therefore, sufficient,
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The total average of coffee yields amounted te 200 kg/ha
dried beans, Yields in the traditional farmy are 20 g higher
than those of the cooperative holdings. The variation of
coffee yields between the farms is higher than in the case
of rice yields., What is also striking in both Crops is the
greater variation of yields in the traditional farms com-
pared with the cooperative farms,

The climatic conditions in 1974/75 were favourable for upland
rice cultivation, byt not for coffee production., The Tong-
term average rice yields ip traditional upland farming are
about 14-15 dt/ha, with the coefficient of variation in the
order of 15-2¢0 %1). With regard to climate, the survey area
is a marginal region for coffee production (BDPA, Voi, 3,

pp. 17 et seq.), The long-term average yield is about 250
kg/ha, with considerably higher variations than uplang

rice (CV > 30 %),

The average yield for semi-mechanised upland rice cropping
amounted to 23,0 dt/ha in 1974/75, and compared to tradij-
tional farming, the difference of 4.7 dt/ha is highly sig-
nificant. The coefficient of variation is 22 t, i.e. the
variation of yield among the cooperative holdings corres-
ponded roughly to that of traditional cropping,

The maize yields in semi-mechanised cropping came to 3u.5
dt/ha for the first ¢rop and 22.6 dt/ha for the second. The
yield difference could be attributed largely to the Tower
level of inputs of the secord crop, when no mineral ferti-
liser is used ang weeding is mostly neglected, For this
reason the variation in yields of the second crop is sub-
stantially higher (CV 34 % as aginst 25 g for the first
crop),

Diagram 2.5 shows the development of yields since the pe-
ginning of mechanisation, From 1969 to 1974, the average

1) Estimates by the author on the basis of results from long-
term experiments at the agricultural research station Man,
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rice yield was 20.9 dt/ha, and that of maize was 18.5 dt/ha
for the first crop. Over time, rice yields vary orly slight-
ly compared to maize yields, and for both crops, Lhere is
neither a decline nor an increase of yields observed,

Diagram 2.5: The development of yields in semi-mechanised cultivation
(Terr:"-s de 1'Quest 1969 - 1974)

Yield 4r
(dt/ha)

30 1

20 4

T T T‘-r*—b
1969 1970 1971 1972 1973 1970 Year

a) Average yields of the project area "Mangouin"
b) First crop, average yields of the total project area

Source: RCi/MINISTERE DE L'AGRICULTURE, Terroirs de 1'0uvest,
Annual reports 1969 to 1974

To identify the most important factors influencing crop
yields, regression analyses were carried out using linear,
qQuadratic and Cobb-Douglas functions. Unfortunately, a spi]
survey could not be made, and because of the fact that the
level of fertiliser application was at least theoretically
equal in all farms, the analysis is limited to the length
of the fallowing and the labour input as factors inflyenc-
ing yields. The functions which best explain the relatjion-
ship are shown in Table 2.22.
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Table 2.22: Factors influencing yields in upland rice and coffee
production in West Ivory Coast in 1974775

Traditional
upland rice
production
(n=41) Y= 2.088 - x,0:436 r2:0.220 = 10.690
ok
(n=41) Y= 0.535 . x1°-‘*‘8° 220,328 £ 5931
o
Semi-mechanised
upland rice
production
(n=29) Y= 2,535 - 0562 r?:0,528 F= 30. 191
ok
(n=29) Y= 7.503 4 0.301 x, r20.637 F= 49,102
wdk
Coffee
production 2
(n=53) Y= 70.827 + 8.126 x, r=0,668 F=102.44¢
ok

Y = Yield in dt/ha (coffee kg/ha)

Xy = Length of fallow in years

X, = Tota) labour input (ME-days)

X3 = Labour input for weeding (ME-days)

X4 = Labour input for crop husbandry practices (ME-days)

Source: Compiled by the author.

In the case of upland rice, the Cobb-Douglas function gave
the best fit. In traditional cropping only a smal) part of
the yield variation can be explained by the length of the
fallow and the labour input'/, S0i1 quality in particular
could have played an important role in this case. On the
other hand, the conditions in semi-mechanised farming are

—_—

1) Differentiating the total laboyr input 1°cording to the
various cultural operations certainly ra.ses the multiple
coefficient of correlation to 0.472, but the function
loses its statistical significance.



tion and the input of seed and minera) fertiliser scarcely
vary between farms, But more than 50 % of the yield varija-

Tahle 2,23: The influence of minera) fertiliser ang weed control on
the yields of semi-mechanised upland rice in West Ivory

Coasta) (yields in dt/ha)
Without minera) With minera)
fertiliser fertiliser
(NPK 42-36-36)
) b)
Without weed contro] 0.7) 1.7]

Low level of weed control 14,01 18.2j

Efficient weed control 17.7 25.4

3) Results from demonstration farms in 1973774,
b —u - classification according to the Duncan-test

Source: Compiled by the author based on RCI/MINISTERE DE L'AGRICULTURE,
Terroirs de 1'0Ouvest, Rapport annuel, 1973,

In semi-mechanised cropping the yields remain very low

where no weed control i Practised, If no minera) fertili-
ser is used, intensive weed control does not bring about a
significant rise in yields, If mineral fertiliser s applied,
however, jts effect is only significant Wwith efficient weed
control '/,

.

1) Thus the experiment confirms a number of observations ip

other regions in West Africa: "In the absence of effi-
cient weed control, ¢ther inputs such as high-yielding,
disease and insect resist.nt varieties, fertilisers ang
water control wil) be us.1ags” (DADEY 1973, as quoted in
MOODY 1974, p. 2),
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As far as coffee yields are concerned, weeding is of cru-
cial importance: the labour input explains two-thirds of
the yield variation among farms, As can be seen from the
function in Table 2.22, the Tncrease in yield per ME-day

however, pe interpreted with caution, First, eéssential ex-
Planatory factors (soi) quality, etc.) are omitted, second-

? 2223 (Crop areas

Because climatic conditions permit “double cropping"'), the
annual cultivated area can exceeq the actyal cultivabie area
of the holdings, This difference is very small in the case
of the traditional holdings, since only 4 3 of the land js

are grown in almost all the holdings (97 %). They cover 92 ¢
of the tota) area in traditional nho) 19s and 76 ¢ ip semi -
mechaniseq holdings,

—_—

1) "Double cropping" describes a method whereby second
Lrop is planted in the same year on the same field after
or shortly before the harvest of the first crop.
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Table 2,24 demonstrates that the difference in the total
cultivated area between the two groups is to be attributed
to the more and intensive arable cropping on the coopera-
tive holdings, 0On account of the mechanisation of land pre-
Paration, these farms are in a position to cultivate a lar-
9€r area with increased intensity of land-use, This is not,
however, to be ascribed to the expansion of upland rice
cropping, but largely to the growing of maize. If the rice
area of the holdings is retated to family size and labour
force, it can be seen that the area of rice per person
(0.20 ha) and per ME (0.45 ha) does not differ between the
two groups. As rice is mainly grown for subsistence and not
as a cash crop, this is not surprising,

Table 2.24: Crop areas in traditional and semi-mechanised holdings in
West Ivory Coast 1974/75 {averages in ha)

Traditional Semi-mechanised Differ-
holdings holdings ence
X Cv(z) X Cv(z)
Total cultivated area 5.0 67 7.8 53 *x
- perennial crops
{coffee) 3.3 96 4.1 73 n.s,
- arable crops 1.7 52 3.7 73 faleld
Traditional farming 1.7 52 1.3 83 n.s.
- upland rice 1.3 55 0.6 15*) *n
- cassava 0.2 112*) 0.3 94 n.s.
- others {groundnuts,
yam, etc,) 0.2 - 0.4 -
Semi-mechanised
=" Tiechanised
cultivation 2.3 56 -
~ upland rice 1.3 53 -
- maize 1.0 - -

+) High coefficient of variation caused by a large number of 2eros.

Source: Compiled by the author,
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2,323 The labour economy

2.3231 Labour input per holding

The average laboyr input on the traditional holdings for
field work, inc]uding the drocessing of the harvest, came
to 390 ME-days" compared with 532 ME-days on the coopera-
tive holdin952) (Table 2.25). In both groups, rice claims
the highest Proportion of labour input: approximately

farms and more than half ip the semi-mechanised farms is
devoted to upland rice cropping: only 31 ¢ and 21 g respec~
tively of the labour input goes on coffee productiaon,

Tdble 2.25: Total labour input in traditional and semi-mechanised
holdings in West Ivory Coast 1974/75 (ME-days)

Traditional Semi-mechanised Differ-
holdings holdings ence
X cv(x) X cv(%)
—_—
Total Tabour input 390 35 532 4 i
Perennial crops
(coffee) 122 80 113 56 n.s,
Traditional upland ‘)
rice 244 35 103 90 *rw
Other traditional ‘) ‘)
arable crops 23 124 61 86 balaled
Semi-mechanised
upland rice - - 178 34 -
Semi-mechanised
maize - - 74 66 -

+) High coefficient of variation caused by a large number of zeros,
Source: Compiled by the author,

—_—
1) See Appendiy V for calculations,

2) Assuming an average of 6 to 6.5 hours of work per day
(including getting to and from work), the labour input
expressed in man-hours comes to 2340-2540 in the tradi-
tiona) holdings and 3200-3450 on the semi-mechanised
holdings,
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The other traditional arable crops, apart from rice, on the
cooperative holdings account for 12 %, which is twice as
high as on the traditional holdings. Since these crops oc-
Cupy 8-9 % of the total cultivated area, this might be at-
tributable to the fact that yam, which is a labour-demand-
ing crop, is widely grown on the cooperative farms. The
semi-mechanised farming requires about half of the total
labour input, approximately 70 ¢ of which is accounted

for by rice and 30 % by maize.

In the case of both traditional and cooperative holdings
family labour constitutes almost two-thirds of the total la-
bour input, As Table 2.26 illustrates, cooperation between
neighbours' becomes less important on the semi-mechanised
holdings, and hired labour is employed instead, Bearing in
mind that, on average, the help received from neighbours
must be more or less compensated on other holdings through
family labour, only hired labour represents non-family la-
bour in the true sense of the word. Thus the share of family
labour in the totai labour input is B0-85 %,

The dominating influence of rice cropping on the seasonal

work pattern can be seen clearly in Diagram 2.6, It is ap-
parent that the seasona) work pattern is not fundamenta]ly
influenced by mechanisation. In both groups there is a la-
bour peak in April/May because of clearance and cultivation

1) We differentiate roughly between two forms of cooperation
between neighbours: the "societés d'entraide" and the so-
called "groupes de jeunes", "n the first case, farmers,
their wives or any other group of people cooperate to
carry out certain jobs communally, The work done by in-
dividual members s on a mutual basis, With the second
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Table 2,26 Input of family angd non-family labour 1n traditiong) and
semi-mechanised holdings in West Ivory Coast 1974775

(ME-days per holding)
~ Traditiona) holdings _Semi-mechaniseq holdings
X Cv(3) % of X V(z) % of

c
total labour total laboyur
Family labour 245 31 62.8 341 38 64.1
Help from
neighbours 83 56 21.3 79 64 14.8
Hired Jaboyr 62 120*) 15.9 12 73 21.1

+) High coefficient of variation Caused by a large number of zeros,

SOurce; Compiled by the author

work for arable trops, and another peag in November when
the rice harvest and the beginning of the Coffee harvest
coincide, gp traditicnal farms, a further labour Peak oz

1} With unduly late Sowing, the flowering Will pe towards
the end of the rainy season which increases the proba-
bility of dry Periods, with their hegative effects
on majze yields,
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Diagram 2 6; Pattern of field work in traditional and semi-mechanised
holdings in West Ivory Coast

Traditional holdings

ME-days
60
50
P
4
- 3 — Ha
 PC | MA.
30 WE ‘ ‘
P
20 W | bw WE X
. LS
e WE | WE | we | ya
10 He L B LS | aw HA
e w | s aw | BW =
J f M A M J J A N 0 N 0
Semi-mechanised holdings
ME-days
60 P
HA
50 N_;'i_ HA
] HA Py
3 e 4 o
o) WE g
0 ; )
zo L, oyt i
m . . 'c i !
WE ) re : o
10 BW L -
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| te] e e M we o oo o] HA

J f M A M J J A S 0 L1 0

D Trad. uplang rice L= land clearance

LS = lang preparation and soving

- Other aradle crops ¥ = weeding
(trad. faraing) B = dird scaring

Coffee HA = harvesting ang processing

PC = husbardry operations of perannia) crops

Seni~aechanised 50 = manua) sowing of ma{ze
upland rice

LP = seed-peg preparation for
D Semi-mech, naize sechanical rice soving

Source: Conpiled by the author,
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2.3232 Labour input per unit area

2.32321 Labour input {in traditional farming

ferences in the labour input between traditional and coope-
rative holdings. Table 2.27 illustrates that the labour in-
put for field work is on average 168 ME-days per ha, In tra-
ditional holdings, the highest input relates to weeding

(35 %), followed by clearance work (29 %) and harvesting

(2% 2). In contrast to this, the labour input for land
clearance is higher than for weed control in the cooperati-
ve holdings, which on the other hand cultivate more areas
with abundant fallow vegetation (and longer fallow periods)
on which weed growth is comparatively slight,

Table 2,27: Labour input per hectare in traditional upland rice crop-
ping in West Ivory Coast (ME-days/ha)

Traditional Semi-mechanised Differ-
_holdings _holdings ence
X cv(%) X Cv(z)
Land clearance 47.8 37 53.4 3.8 n.s.
Sowing 21.4 44 26.8 59 n.s.
Weeding 58.0 59 45.8 44 n.s.
Fencing 7.4 57 8.4 61 n.s,
*
Guarding ) 33.5 49 23.2 51 *x
Harvest 35.1 47 37.9 39 n.s.
Total field work
(excluding guarding) 167.1 39 168.8 36 n,s.
Total field work
(including guarding) 200.4 43 192.7 39 n.s.

*) Was not converted to a hectare basis, since the labour input is
largely independent of the area.

Source: Compiled by the author.



the semi-mechanised holdings could pe that weeding is start-
ed considerab]y earlier. In semi-mechanised cropping, one

which is also increasing]y Practised in the cooperative
holdings on traditional upland rice plots, as illustrated in
Table 2,28,

Table 2,28: Interval between sowing and the beginning of weed control
in upland rice cropping ir traditional and semi-mechanised
holdings in West Ivory Coast (% of fields)

<20 21-30 31-40 41-50 > 50 days

Traditionaj farming
- traditional holdings 5.3 10.5 26.3 34.2 23.7

- semi-mechanised
holdings 19.0 33.3 28.6 4.8 14.3

Semi-mechanised
?arm1ng 24,1 34.5 24,1 10.3 6.9

Source: Compiled by the author,

of harvest requires an average of 34 ME-days in the tradi-
tional holdings, The lower number of days devoted to this

rice areas also have to be guarded, and the amount of labour
availouile for these tasks is only limited to family mem-
bers'’, The labour input for rice threshing and cleaning
comes to about 0.8 ME-days/dt paddy, and would thus be
equivalent to about 14-16 ME-days/ha.

_
1) This example demonstrates clearly the problem of estimat-
ing the labour requirements of 3 Crop on the basis of da-
ta collected in farm survey, The difference between
(see pare 85)
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As the area cropped increases, the total labour input per
hectare decreases, and this relation is considerably closar
in the traditionail holdings (r = =0.722***) thap in the
semi-mechanised holdings (r = -0.282). This indicated that
economies of scale are only of limited importance in semi -
mechanised holdings on account of the smaller Cropping
areas.

Differences between the two groups with regard to labour jin-
put are more obvious in the case of Perennial crops. The la-
bour input for crop husbandry of coffea is almost 50 g hig-
her in the traditional heldings than in the cooperative
holdings, and the tota] Tabour input per hectare, fncluding
the processing of harvest, is more than 30 % higher, Never-
theless, coffee cropping in almost ali farms is characteris-
ed by a very low labour input per unit area, and reveals
features of a collecting activity. One of the reasons for
this unwillingness tp intensify can be attributed tuy the
higher production risk of coffee compared with upland rice.
This behaviour of traditional farmers can often be obseryed
where climate leads to yield uncertainty (RUTHENBERG 1976a,
pp. 289 et seq.),

As in upland rice farming, the labour input per hectare for
coffee production decreases, as the area increases, The cor-
relation coefficient in both groups is about the same

(r = -0,569%** 34 <0.601%ww)

The highdegree of variation in labour input in both tradi-
tional rice and coffee production can be attributed to a
number of reasons, that Will not be treated here in any
further detail1 .

—_—
Footnote 1 frop page §4:

the estimated ang the actual labour requirements for a
particular activity will usually be the greater as social
and traditional aspects play a part in farm work,

1) COLLINSON (1972, p. 205 et seq.) gives a detailed des-
cription in this aspect,
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Table 2.29: Labour input in coffee production in traditional and
semi-mechanised holdings in West Ivory Coast
(ME-days/ha)

Traditional Semi-mechanisad Differ-
_holdings _holdings ence
X Cv(%) X Cv(%)
Crop husbandry 20.4 56 14.0 51 *
Harvest 22.4 72 17.2 69 n.s.
Total laboyr input 52.5 63 36.3 62 *

Source: Compiled by the author,

2.32322 Labour input in semi-mechanised cropping

The total labour input for field work in semi-mechanised
upland rice cropping amounts to 116.6 ME-days per ha, and
thus comes to about 70 % of the labour input in traditiona)
rice production., The input for weeding is 50,5 ME-days per
ha, which is not higher than in traditional cropping'). How-
ever, this is 43 3 of the total labour input, in contrast
to only 30 % in non-mechanised farming, The labour input
for harvest is 39.2 ME-davs per ha, and is on average hard-
1y more than in traditional cropping, a:thuugh the yields
are considerably higher. It can therefore pe concluded that
there are considerable economies of scale ip this area.
Even after several years of permanent cultivation, the la-
bour input of 20.7 ME-days per ha for land preparation

hand, the labour requirements are reduced through more
rational cropping practices like row sowing and the
early start of weed control (see also Table 2,28),



(burning the debris, removing roots, Stones, etc,) before
and/or after Ploughing is relatively high, and the variation
s the highest (cy - 54 %) compared to all other activities
(weeding, harvesting, etc.), where the coefficients o ya-
riation range between 22 ang 29 2, which are considerably
lower than ip traditional farming,

A decrease in Tabour intensity with increasing cropping
area can be <,scerned in semi-mechanised farming alsg, The
correlation coefficient (r = =0.624%*w) 45 much higher than
on traditionally cultivated areas.

operations only. Here too the farmersg:® behaviour jg similar
to that in coffee production, namaly the trend towards re-
duction of labour input in cropping wiih a higher yieiq
uncertainty, gn average, the total labour input for field
WOrk amounts tgo 64.8 ME-days per ha, of which about 35 g

is devoted to weed control (22.7 ME-days per ha), 28 ¢ ¢
harvesting (18,1 ME-days pep ha) and 25 ¢ to sowing (16,2
ME-days per ha),

2.3233 The influence of semi-mechanisation on the division

of Tabour and em loyment in the holdings
——c-0ur and employ

gard to family labour, help by neighbours an¢ hired ladour
4s a proportion of the total input for individual crops and
husbandry Practices) and the effects on the employment of
non-family and family labouyr,
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The division of Tabour according to sex s in 1ine with ob-
servations ip other regions o7 West Africa (CLEAVE 1974,
Pp. 170 et 5€q.): the cultivation of cash crops (coffee)
is performed predominantly by men and subsistence crops
are cultivated mainly by women, with the physical]y demand-
ing work (e.g. land clearance ang land Preparation) and
burning ang fencing being the duty of men, On the other

This type of division of labour is not fundamenta]]y in-

fluenced by mechanisation, In maize Production, however,

it can be seen that eéspecially tpe farmers themselves are
Prepared to take more part in typically female activities
(sowing, weeding and harvesting),

nised maize), where hired labour js increasingly being em-
ployed.

The mechanisation ,f land Preparation on part of the holding
has similarly Scarcely any effect on the employment situa-
tion of the family labour (see Table 2,31), The total laboyr
performance of family members in the agricultural sector does
not differ significantly between the tyo groups '/, However,

_—

1) Various authors raise the qQuestion to what' extent it is
Practical to evaluate the employment effect of technical
innovations in family holdings by means of the variation
in total Working time per family labour unit, They are
of the opinion that income usually represents a far bet-
ter basis of evaluation, especially when little non-
familiy labour is employed {see BODENSTEDT et al. 1977,
PP. 5 et seq, ang Pp. 38 ¢t seq.; TURNHAM 1871, p. 69;

HUNTER 1973, p. 121)



Table 2.30: Importance of family and non-family labour as a proportion of the total labour input per crop
in traditional and semi-mechanised holdings in West Ivory Coast (average as a z)

Traditional holdings Semi-mechzanised holdings

Fo»ily Help from Wage Family Help from Wage

labour neighbours labour labour neighbours labour
Traditional upland rice 59 3 10 61 21 18
- Land clearing 44 35 20 59 13 29
- Sowing 18 64 17 41 28 32
- Weeding 63 28 9 57 29 15
- Harvesting 60 38 2 65 28 7
Semi-mech. upland rice - - - 53 27 21
- Weeding - - - 41 27 32
- Harvesting - - - 46 46 9
Semi-mechanised maize - - - 68 1 22
- Weeding - - - 59 13 28
- Harvesting - - - 84 9 7
Coffee 74 7 18 70 5 25
= Crop husbandry 55 11 34 44 8 49
- Harvesting 83 7 10 30 4 6

-68-

Source: Compiled by the author,
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Table 2.31: Employment of family labour in traditional and semj-
mechanised holdings in West Ivory Coast
(days per person)

Traditional Semi-mechanised Differ-
_holdings _holdings ence
X C (%) X Cv(%)
Farmer 104 36 114 21 n.s.
= WOrk on own holding 86 36 102 20 *
= Work on other
holdings 18 78 12 93 n.s.
Other family members 103 34 98 41 n.s.
= Work on own
holding 76 38 80 46 n,s,
- Work on other
holdings 27 49 18 38 *

Source: Compiled by the author.

in the semi-mechanised holdings we can see that farmers tend
to concentrate their family labour force more on their own
holdings. This is particularly true of the farmers themse]-
ves, who spend much more time working on their own farms
than in the traditional holdings, The importance of neigh-
bours' cooperation is accordingly reduced,

The total working time per family member in the agricultural
sector is on average 100-110 days per year, and in compari-
son with other regions of West Africa this ijs relatively
Tow (CLEAVE 1974, pp. 32 et seq.), even though comparisons
in this area are not without problems, since the length of
the working-diy can vary considerably1 .

1} In the survey the classification of the working time ac-
cording to man-hours was proved to be VEry expensive (see
Appendix V). If we assume an av~rage of § to 6.5 hours
of work per day, including going to and returning from
work, we get an average annual work rate of 600-700 hours
per adult, But even on the basis of hours of work a compa-
rison with other data is not without problems, since
the activities are not always identical,
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2.33 Returns and cash income

2;331 Farm income and farm familz income

tion factors and the farp family incowe as an index of the
level of income of the Population, 1p this reéspect, total
fncome figures are not a suitaple Measure for fapp compari-
son, and therefore have to be converted to values which re-
flect the differences in the leve] of farm resources,

If we first consider the 9ross returng (Table 2.32), the
importance of arable farming is Very apparent: in the
traditional holdings 65 % of the 9ross returns are earned
from 33 % of the land area, and only 32 3 is derived frop
pereanial crops (67 g of the land area), In the Cooperative

the gross returns being produced solely from semi-mechaniseq
cropping on 26 g of the land area, In both groups rice is
the most important crop, and Produces 55-5¢ T of the gross
returns,

There are also differences in the Compositon of the total
costs: the biggest Proportion in botp groups is Certainly
accounted for py wages (50 % and 36 % of the total costs),
but the costs of material inputs and Machine hire ip the
traditional holdings come to only 23 %, whereas they are

over 50 % of the total costs ip the Cooperative holdings,

The farm income of the cooperative holdings amounts tg
398,000 FCFA, and is thus on average 50 g higher than in
the traditionaj holdings, Byt if we relate the farm income
to the areq cultivated or the laboup employed, we see that
in the traditional holdings the productivity per unit of
irea js higher'), while in the semi-mechanised holdings the

1) The difference is significant at the 8 g level,
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Table 2,32; Costs and returns of traditional arg semi~mechanised
holdings in west Ivory Coast (FCFA)
—_— —_—

Traditional Semi-mechanised Differ-

_holdings _holdings ence
X v(z) X Cv(g)
Gross returnsa) 287,150 50 473,540 43 whw
=== returns

- from traditional

arable farming 185,160 59 126,580 888) *
- from semi-mechanised

farming - - 234,390 .45 -
= from perennia] crops 92,130 89 104,580 72 n.s,
- other sourcesb) 9,860 92 14,220 72 4.
Total costs 53,180 69 117,960 54 wwr

- material inputs
(seed, fertiliser,

tc.) 7,570 66 36,260 57 ww
- machine hire 4,950 110 23,510 49 whw
- depreciation

(perennial crops,

tools, etc.) 12,910 81 14,020 66 n.s,
- wages®! 26,390 5p 42,150 36 e
- others L360 17280 50 jge) n.s.
Farm income 260,360 50 397,730 44 e
- per ha cropped 63,270 48 54,440 28 n.s,
= Per ha gross area

(inc]uding fallow) 27,350 68 49,820 49 bkl
- per ME-day 633 32 735 19 »
Farm familx income 233,970 52 355,580 43 bl
- per ME 74,300 52 85,340 40 n.s,
- per ME-day of

family labour 704 39 857 27 *

- per residentd) 36,360  sg 3,700 49 ..
a) Value of Production at farm-gate prices, See Appendix v for calcula-
tion,

b) From Stock-keeping, collecting, etc,

c) Including wages paid in king,

d) Family members and other relatives living with the family,
e) High coefficients of variation becauyse zeros occur,

Source: Compiled by the author,
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labour productivity is higher. If the fallow areas are in-
cluded, the productivity of the land in the mechanised
holdings is almost twice as high as in the traditional
holdings.

This applies also to the farm family income, which is iden-
tical with the family income for the majority of holdings
since there is little income from off-farm sources'’. It is
true that the farm family income per unit of family labour
in the cooperative holdings is about 15 % higher than in the
traditional holdings, but the difference of 11,000 FCFA/ME
is not significant. If the farm family income is related to
the employment of family labour, returns per working-day in
the semi-mechanised holdings are 20 % higher, and in both
groups are above the farm income per ME-day, a fact caused
by the relatively low wage level of hired labour.

If we relate the farm family income to the number of people
in the household of the farmer, we get a rough idea of the
living standard of the population., The farm family income
per resident is nearly equal in both groups (36,000-38,000
FCFA), and was not affected by mechanisation.

In comparisons on a national level, the per capita gross
national product is usvally used as an index of the stand-
ard of living. At the farm level, a corresponding figure
is obtained if the gross returns are related to the number
of people belonging "0 the ’armer's household. The gross

1) Income from non-agricultural activities (working as
craftsmen, trading, etc.) is obtained in only one-fifth
of the holdings. This income is 50,000 to 100,000 FCFA.
Apart from thic non-farm income, we ouyht to consider
transfer payments by members of the family living away
from the village, if we want to astablish the total in-
come of a family, but hardly any details could be got
from the farmers. On average, the total family income
could be raised oy about 15,000 to 20,000 FCFA per hold-
ing as a result of these factors.
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returns per resident amount to an average of 41,600 FCFA
in the traditional holdings and 43,800 FCFA in the semi-
mechanised holdings, which is only slightly below the per
capita gross national product of 48,300 FCFA in the agri-
cultural sector in 1974" 7,

Compared to the gross national preoduct per inhabitant of
122,400 FCFA, the productivity of agriculture is clearly
lower than in other sectors,

2,332 The distribution of the farm family income

As we can see from Diagram 2.7, the differences in income
distribution between traditional and semi-mechanised hold-
ings are relatively small, One third of the holdings with
the highest farm family income produces about 48-52 g of
the total farm family income, while one third of the lowest
income group produces only 14-18 %. The distributicna of
farm family income, that is considerably more homogeneous
than that of the land area {cf. Diagram 2.3), illustrates
how the smaller holdings were able to increase their farm
family income by raising the intensity of cropping,

I't is also noticeable that the traditiona) holdings are

more heterogeneous than the semi-mechanised holdings. How-
ever, it cannot be concluded here that the introduction of
technical innovations has led to a levelling of income,
since there is no information on the situation before the
introduction of mechanisation2 . Instead, we must assume
that those holdings that joined the cooperative were already
somewhat more homogeneous in relation to other agricultural
holdings (see SCHULZ 1968).

1) Calculated by the author according to the MINISTERE DE
LA COOPERATION 1976, pp. 38 et seq.

2) We cannot, of course, ignore the fact that mechanisation
could have led to some homogeneity, At_least it has not
given rise to substantial disparities in income,
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Diagram 2,7; Relationship between number of holdings and farm family
income in traditional and semi-mechanised holdings in

West Ivory Coast 1974775
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Source: Compiled by the author,
2.333 Relationshig between farm income and the input of
land and labour as production factors

strate the influence of the production factors on farm in-
come, The analyses were restricted to the factors land and
labour, because Capital is of minor importance ang also
closely correlated with the other production factors, Mora-



- 96 -

of the Loldings, but simply to give an idea of depen-
dencies and relations.

Table 2,33 presents the results of the analyses. It can be
seen that in both groups the farm income is greatly affected
by the level of labour input, and in fact explains aboutl 75 %
to 86 % of the variation of farm income. In the case of the
semi-mechanised holdings, the area cultivated also produces
very good results, whereas the labour force of the holdings
explains only a meagre part of the variation of farm income,
particularly in the traditional farms.

In the traditional holdings, the higher multiple coeffi-
cients of correlation of the Cobb-Douglas functions compared
with the linear functions illustrate clearly the diminishing
marginal returns to land and labour, On the other hand, the
differences between linear and Cobb-Douglas functions are
less evident in the cooperative holdings (labour input) or
exactly reversed (labour force, farm size), which leads

to the conclusion of practically constant marginal returns,

2.334 Net cash income from farming

In family holdings like those considered here, where the
main part of the agricultural production is consumed in the
household, the level of the net cash income of the holding
is another important index for economic evaluation,

The total cash income from the sale of agricultural produce
is on average 117,500 FCFA fo' the traditional holdings,
compared with 195,800 FCFA for the cooperative holdings,
This difference cannot, however, be attributed to more com-
mercially oriented Production, since the sales as a propor-
tion of the gross returns come to about 40 % in both groups,

As Table 2,34 demonstrates, coffee is the most important
cash crop and accounts for 71 % and 52 % of the cash income



Table 2.33: Re]at1onsh1p between farm Income and the Input of lang and labour ip traditiona} and sem1—mechan1sed
holdings ip West Ivory Coast

Traditiona} holdings (n=30) r F Semi mechanised holdings (n=30)

Y= 11590 + 45 ggg ¢ 4.953 Y = 132.540 + 59 063 e 0.543 33 358
* N *hn
Y= 114188 + 29 291 0.563  35.13g Y = 109.219 + 35,978 0.783  100.97g
*hw Tk
Y =-64.858 + 8347 wep 0.758 g7 503 Y= 1049 + 7287 wep 0.823  130.p04
2 2% L2 2%
= 79592 4 13,308 e , 517 1A 0574 18 504 Y= 75.783 + 19,695 ue , 29.929 p 0.815 59 499
* % R A
Y= -60.613 + 1339y, W6TMED 0758 4y 0, Y= 26798 4+ 16777 ya . 451.3 Mep 0.865  gg.524
* *h *k ok
Y= 63.259 . pig!.099 0.283 11 45 V= 137.214 . yg0-686 0.406 19 144
V= 83533 . ya0-709 0.652 52 406 V= 78.920 - ya0-786 0.707 67 541
Y= 212 . ygp! 567 0.864 178 .08 V=610 - ! 240 0.861 173 .964
"= 53.276 - wg0-5080 10 622 0.702 31 ggp Y= 73.002 - y0.209 HA®:675 0.730  36.553
= 440 . 0000 Mep!- 422 0867 gg.25g Y =450.1 . yu0-186 -Mep! ;017 0.873  gp.546

= farm income (FCFA), Mg - labour force of the holdings (ME), KA
urce: Compiled by the author,

= farm size (ha), MED = total lapour input (ME-days)

-ls-
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Table 2,34 Cash income ang expenditure of traditional and semi-
mechanised holdings in West lvory (oast 1974775 (FCFA)

e . — .
Traditiona) Semi-mechanised Differ-

_holdings holdings ence
X Cv(z) X Cv(x)
Total cash income 117,460 77 195,800 48 *
——=__%d37 income

= sale of coffee 82,860 105 101,080 72 n.s.
- sale of ricea) 25,730 78 54,020 49 Fk
- sale of maize 1,240 276 23,030 72 wh

= other cash income from
farmjng and stock-

keeping 7,630 108 17,670 107 *
Total cash expenditure 23,680 114 82,550 48 wk
- wages 14,370 138 29,290 79 bl
= machine hire 4,950 119 23,510 49 Wk

- material inputsa)
00ls 3,010 52 27,740 36 www

- others 1,360 274 2,020 73 n,s,
Net cash income 93,780 72 113,240 60 n.s.
——_=C271_1ncome

Net cash income per ME 30,125 72 26,775 58 n.s,

a) "Repaymentg® of short-term credit for purchased inputs (seed, fertj.
liser) that had to me made in kind in keeping with the cropping con-
tracts were evaluated as purchases and sales,

Source: Compiled by the author,

in the two groups, whereas ricei) accounts for only 22 g
and 28 %, In the semi-mechanised ho]dings, maize is algg
of some importance (12 % of the cash income), and moreover

—_—

1) About 16 % of the rice Production ip the traditiona)
holdings was sold. The higher degree ,f commercialisation
at 21 % in the semi-mechanised holdings can be attribyted
to credit for purchased inputs, that is paid for in kind,
in keeping with the cropping contracts, If these payments
in kind are not evaluated as sales, rice sa]es.as a pro-

Operative holdinas,
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it is sold in July/Auqust, at a time when the farmers are
in need of cash for payment of wages, school fees, etc.,
whereas most of aj] the other cash receints are in the pe-
riod November to March').

Average cash éxpenses in the traditional holdings amount

to 23,680 FCFA (about 20 g of cash income), Most payments

(60 %) are to cover wage costs, The total cash expenses in
the cooperative holdings are approximately four times as
high, and come to 42 % of the cash income, with wage costs,
machine hire and the purchase of materijal inputs each ac-
counting four about one-third of the cash expenses,

Despite the net cash income in the cooperative holdings

being on average about 20 % aboye that in the traditional
holdings, the difference of 20,000 FCFA is not statistical-

ly significant. On the other hand, if we consider the net cash
income per unit of family labour, the semi-mechanised hold-
ings are even less profitable than the traditional holdings,

The level of the net cash income in al] holdings is closely
correlated with the area devoted to perennial crops: the
correlation coefficients are r = 0.847*** 4pn the traditio-
nal holdings and r = 0.779**+ jpn the semi-mechanised hold-
ings. The correlation between rice sales and net cash in-
come, however, is only slightly positive and not signifi-
cant (r = 0,282 and r = 0.263),

The greater variation of the net cash income compared with
the farm family income leads to the conclusion that there

are obviously some more factors connected with commerciali-
sation which influence the net cash income. The bigger the

1) Liquidity problems, in the sense of meeting pay«ant ob-
ligations on schedule, scarcely occur, because a large
Proportion of the costs are not paid for until after
the harvest (machine hire, fertiliser, some wages in
coffee cropping) or do not arise until then (e.g. coffee
peeling),
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Proportion of the tota} cropping area devoted to rice, the
smaller the degree of commercialisation of the holdings

(r - -0.677%*+ ang r= -0.5et**+) |p contrast, perennial
€rops show a positive relation to commercialisation, and

the coefficient of correlation is highly significant in tra-
ditional holdings (r = 0.751***) | but not so in the semj-me-
chanised holdings (r = 0.297), where semi-mechanised maize
production sti]] plays a certain role,

2,335 The distribution of net cash income

There is scarcely any difference in the distribution of net
€ash income between the traditional and semi-mechanised
holdings. If we Compare Diagrams 2.7 and 2.8, we can see
that the net cash income is distributed considerably less
equally than the farm family income, This is to be expected
On account of the close relation to the Perennial crop area,
which is distributed very unequa11y1). 30 % of the holdings
with the smallest net cash income account for only 9-11 g
of the total net cash income, whereas 10 % of the best
holdings account for one-quarter,

1) Cf, Diagram 2,3, Coffee is the most important cash crop
in both, traditional ang cooperative holdings, but it
is surprising that those semi-mechanised holdings with
limited Perennial crop areas did not compensate this
disadvantage by an intensification of mechanised farming,
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Diagram 2.8: Relationship between the number of holdings and net cash
income in traditional and semi-mechanised holdings in
West Ivory Coast 1974/75
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2.34 The economic importance of upland rice in farming
systems under favourable natural conditions -
a_model analysis

Simultaneous planning is a suitable analytical instrument
for the economic evaluation of production activities and
farm enterprises, because complex production and cost re-
lations in the holdings can largely be taken into account
by these methods., With the help of simple linear planning
models for traditional and semi-mechanised holdings the
following examines the profitability of upland rice in
these farming systems under the prevailing natural and eco-
nomic conditions,
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2.341 Assumgtions in_the mode]

role in the agricultural systems under consideration, it
would have been suitable to yse dynamic models in the ana-
lysis, This, however, was not possible on account of time
limitations and also because the available data was not suf-
ficient to estimate the change of coefficients oyer time,
Moreover, the primary intention is rot to arrive at norma-
tive conclusions abouyt optimal farm organisations, or even
to establish farm development Plans; insteaq the attempt is
made to demonstrate the influence of the price changes of
agricultura) products and purchased inputs on the allocation
of farm resources, and to assess the impact of technical jip-
novations,

The economic target of the farmers, and therefore the ob-
Jective function of the model, is to maximise net cash in-
come of the holding, Provided that the Subsistence of the
household is guaranteed (security constraint),

Average figures fron the survey are employed to estimate
the coefficients of the model. As far as Subsistence re-
qQuirements are toncerned, rice (235 kg paddy/person) is
differentiateqd from other suosistence Crops that are com-
bined as one activity (0.05% ha/person), A fixed relation
of 1:2.2 between labour force of the holding angd familiy
size is assumed in ca]culat1ng the subsistence requirement
of the household.

in yields and labour requirements according to the time of
sowing ~nd the Position in the rotation, Therefore, four
production methods are identified in the modei: cropping in
the first or second year after land clearance, each diffe-
rentiated atcording to the SOWing time: March to mid-Apriy
and the end of April to the beginning of June (see Appendix
VI). Other subsistence crops are only grown in the second
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or third year after land c]earance. with a distinction
being made between extensive Cropping (mainly cassava) and
intensive production (high proportion of yam),

Since cocoa production is of Practically no importance,
only coffee js considered as a berennial crop, for which
two activities are identified: cropping with Jow labour in-

As regards the labour resource, the year has been divided
into 7 periods corresponding to the seasonal pattern of
field work. The working days available for field work haye
been estimated With weather conditions, social factors,
etc., being borne in mind (see Appendix VI). The employment

the whole year. Moreover, the rice production activities
facilitate the transfer of laboyr from period [y to period
I, taking into Consideration tpat the first weeding can
be delayed, with the consequence of yield losses,

Because most of the farmers do not regard land as in short
supply, it is not considered as a limited resource, except
in the case of mechanised cultivation, With a maximum of

2 ha per holding, Ffor mechanised cropping an agronomic
constraint is included, according to which not more than
75 % of the area cultivated mechanical]y can be planted
With rice.
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Cash expenses of the product,on activities are identified
in the objective function, Sales of rice, maize and coffee
are considered ag separate activities, whereas income from
other subsistence crops is ignored, because they are rarely
sold and only in very limited quantitijes,

To estimate the effects of technical innovations. which are
at present not used by the farmers put Partly offered by
the Extensign Service, the following activities have been
formulated (see also Appendix V).

= modern coffee Production with selected cuttings, the use

of mineral fertiliser and insecticides and intensive crop
husbandry (yield 950 kg beans/ha);

- rice Cultivation by hand with dressed seeds and the use
of mineral ferti]iser, cultivated jn Pure stand with row
sowing and intensive weed control;

= semi-mechanised cultivation of early—maturing rice varie-
ties with a vegetation period of 110 days that permits a
second maize Crop in the same year,

Additionally. the growing of improved varieties with a

higher yield potential as a factor influencing the profita-

bility of rice production is also investigated.

2.342 Results of the model
——=——2_01 the model

2.3421 Profitabi]itz of upland rice production under the
Prevailing natura) and economic conditions

we find in the case of traditiona] farms that there s no
difference in the area of upland rice (see Tabie 2.35),

The farm size in the optimal solution is somewhat less, be-
cause only the intensive production activities are realised
for coffee ang other subsistence crops. This raijses coffee
production, and 95 & of cash income is due to coffee sales,
The amount of rice sold ijg very small, in fact much less
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mal farm organisation of traditional and semi-

mechanised holdings in West Ivory Coast 1974/5

organisation organisation or

Traditional holdings
(1abour force 3.2 ME)

Optimal Actual

Semi-mechanised holdings
(1abour force 4.5 ME)

Optimal Actual
ganisation organisation

Total cultivated area
(naj
traditional upland
rice (ha)

other subsistence
crops (ha)

coffee (ha)
semi-mechanised
upland rice (ha)

semi-mechanised
maize,
Ist cycle (ha)

semi-mechanised
maize,
2nd cycle (ha)

Labour input

(ME-days]

- family labour
(ME-days)

- hired labour
(ME-days)

Sale of rice
g paday

Sale of maize
g maize

Sale of coffee
g beans

Net cash income
12

4.3 5.0 7.17 7.8
1.30 1.3 0.94 0.6
0.28 0.4 0.34 0.7
2.78 3.3 3.39 4.1
. . 1.50 1.3
- - 0.50 0.6
. . 0.50 0.4
555 390 803 532
492%) 328! 6912) 420%)
63 72 120 12
108 396 2,237 831
. ; 2,090 1,152
971 552 793 674
6,440 95,760 233,160 116,820

a) Including assistance fro
mutual basis.
b) Maximum Timit in the mod

Source: Compiled by the aut

m neighbours, since work arrangements are on a

el.
hor.
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than was actually solq in 1974/75, because of the Jower
average yields of rice assumed in the model, As a result
of intensiye cu]tivation, particu]arly in the case of
Coffen, the input of familiy labour increases by 50 %,

In the optimal solution of semi-mechanised holdings, the

¢e crops, Ip Contrast tg traditional farms, however, only
a third of the langd devoted to coffee s Cropped intensiye-
1y, a fact that could pe attributed to non-]abour-intensive

tensive cu]tivation. Rice is the most important cash crop,
and accounts for approximate]y 50 % of the cash income,
about 490 g coming fronp coffee ang Just over 1g % from maize,
Semi-mechanised upland rice is extended up to the limits
imposed by agronomic constraints ang cultivated intensive]y,
whereas majgze is produced With a Joy level of inputs in

both tropping cycles. In the optimal solution traditiona)
upland rice is to be grown to a much greater extent than has
actually happened, By intensifying tropping, the npet cash
income can be doubled, With the input of family labour jp-
Creasing by g5 %

According]y. it would be advantageoys in both Cases to 'p-
Crease the labour intensity: in the traditiona] ho]dings
with regard to coffee production, and mainly ip rice Crop-
ping in the Cooperatiye holdings, as revealed by the sur-
Yey results, the farmers are in fact tending to follow these

1) Hired Tabour g used up to the limits set in the periods
Il, 111 and VI, the marginal valyes being 421, 574 and
720 FCFA/ME-day. The total Tabour resource does not act
a5 a constraint,



arable crops (see section 2.3232),

The totai Tabour input per holding ip the optima) solution
is generally sti) very Tow. In the traditiona) holdings

the reason for this can be seen jp the fact that, with in-
€reasing input of labour, the Increase in net cash income
is on average only 187 FCFA/ME-day, and therefore lower

than the wage level for hired laboyr, From this 1t can be
concluded that Marginal returps to labour are rapidly dij-

labour input and farm income Was analysed (cr, section
2.333), In the semi-mechaniseg holdings, on the other hand,
the net cash income rises by an adverage of 43¢0 FCFA/ME-day.
In this case, the uniillingness of farmers to increase their
input of family labour can be attributed to the fo]lowing
reasons;
- The additional pet cash income per working-day is not a
sufficient incentive for these farmers to invest nore

family Tabour, i.e, they prefer to spend time on alter-
natives other than farmin » Or

- the farmers do not recognise the advantage of semi-mecha-
nised farming as g means of increasing cash income, i.e,
traditional behavigur persists apg farmers do not adapt
themselves tq changing conditions,

If we compare the resylts of the models in Diagram 2.9,

it is apparent that the net cash income can be increased

by mechanising Production gn , pPart of the land. Since the

semi-mechanised part of the holding is limited to 3 maxi-

mum of 2 ha, the increase in net casn income declines with

This area constraint becomes effective with a labour force
of 3.2 ME. as the labour force is increased, the marging)
value of the mechanised lang rises from 0 to 24,000 FCFA/
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Diagram 2,9: Changes in the optima) organisation of traditicnal and
semi-mechanised holdings with increasing labour force

Seni-aechanised holdings Tracitiona) holdings

50

Percent of tota) cultivated arep

SARE o
U I 4 lf U
Labour force 1.9 3.2 85 5.8 A 8.4 L9 32 a5 55 g B M
R R R R R, 0.8 12.62 259 0% 601 790 965 1.2 ha
vated area
e N0 M0 2000 om0 3300 384500 T5100 126400 177800 229200 260500 327700 e

Traditional upland rice, 15t year
. Trad wpland rice, 2nd year (early sowing)

Sunsistence crops (int,)

ﬂm] Sevi-sechanised rice (int,)

f"_j Seei-sechanised malze, st cycle (ext,)
Seai-aechanised maize, 2nd cycle (oxt,)

- Traditional coffee

. Iraditional coffee (int.)

Sourc__e_: Compiled by the author.
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decreases from 56,000 to 39,000 FCFA/ME’). At the same time
coffee production is intensified and traditional rice crop-
Ping is extended: thus the proportion of the area devoted
to semi-mechanised rice growing is reduced from 32 % to

12 %, and that of maize from 11 % to 4 2.

In contrast, the organisation of the traditional holdings
does not change as the labour force increases, because

land is not considered as a constraint in the model, and

all other limiting factors change proportionally to a change
in the labour force. The marginal value of labour is

39,500 FCFA/ME, and it remains unchanged with increasing
labour force of the holdings,

Despite the fact that labour is of decisive importance, the
stability of the solutions is very high, even if the work-
ing-time per unit of labour is changed. If the available
amount of labour in the traditional holdings decreases,

the coffee area is disproportionate]y reduced, but
intensive cultivation is nevertheless retained. However,
with an increase of the working-time per unit of labour up
to 30 %, the solutign remains stable, With increasing avail-
ability of labour in semi-mechanised holdings, coffee pro-
duction is intensified, while the total cultivated area
changes only slightly,

So far in this analysis, yield uncertainty of the various
crops has not been considered. Only in the case of traditio-
nal rice production is it assumed in the model as a security
constraint that farmers SOW a maximum of only 10 % of the
land area by the middle of April. If this assumption did

not apply, the proportion of the early sown upland rice
would rise to 30-40 %. Consequently, the area devoted to
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rice ang Coffee would €xpand, but the resulting increase
in net cash income comes tg only 5-1¢ %, which does not
appear to Justify the higher pProduction risk. The greater

The intensification of rice ang Coffee production Ly intro-
ducing minera) fertilisers,improved seeds angd selected cyt-
tings, together with improved husbandry Practices, brings
about a reduction ip the cultivated area inp traditionai

rice c¢ropping is completely replaced by modern Droduction
techniques (see Diagranm 2.10). The share of rice and cof-
fee in the total Cultivated area remains virtua]ly unchang-
ed, but that of the remaining subsistence Crops increases

the coffee area. Rice ijs grown exc1u51ve1y for subsistence,
whereas coffee Production is increased by 30 ¢,

These Changes ip farm Organisation, however, bring about
only insignificant increases in farm profits, The net cash
income in the optimai solution ig only 13 ¢ more than ip
the traditionai holdings, Even if we bear in ming that the
family labour input is reduced by about 10 % and the aver-

1) For the treatment of risk in linear Planning models,
see ANDERSON et al, 1977, BOUSSARD 1976, BOUSSARD/
PETIT 1967, Low 1974, woLGIN 1975,
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Diagram 2.10: Optimal organisation of traditional and semi-mechanised
farms with the introduction of modern cropping techni-
ques for rice and coffee

Semi—sechaniseq holdings Traditiona) heldings

e

/

Percent of tota) cultivated area

Labour force 1 9 3.2 L 5.8 7.1 8.4 LI 32 45 54 [ K
Total culti- . . f

vated area . Le2b 307 4,81 591 6.92 7.92 W5 359 5,06 6.5 7 78,93 hy
llot Cash 12300 208100 250300 335800 389700 443500 84600 152500 200400 257700 309900 362200 FCia
ncoee

Tradltional uplang rlce, 1st year 7 Semi—sechanlség rlce (int.)

Subsistence crops (ext.) ﬂﬂm Seal-aechanlsed nize, 2nd cycle (int,)
. Subsistence crops (int,) D Sesi-aechaniseg nlze, 15t cycle, ext,)
Modern upland rice, 15t year @ Seai-gechanised nalze, nd cycle (ext,)
Hodern upland rice, 15t year (early soving) D Modern coffes

Al Modern wlind rice, 2nd yoor % Traditional coffes (1nt.)

D Hodeen wpland rice, 2nd yogr (early soving)

Source: Compiled by the author,
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age return to labour is thus improved by 25 %, it can be
assumed that these are insufficient economic incentives to
Persuade the farmers to adopt the new production techniques,
That the improvement in the objectiye function is only

small, can be attributed to the fact that returns to labour
of modern farming techniques are not much higher in the 1i-
miting periods I] and VI than in the case of traditional pro-
duction methods,

In the semi-mechanised holdings, the traditional methods

are completely replaced by modern techniques for coffee and
rice production, Only when the labour force is small is tra-
ditional upland rice still grown to a limited extent. Be-
Cause of the reduction of the total cultivated area by

17-37 %, the share of coffee drops to 25-45 %4, and that of
semi-mechanised rice and maize increases (see Diagram 2.10),
As in the case of the traditional holdings, the change in
farm organisation leads only to a slight increase in net
cash income, The 20 g rise in net cash income and the higher
return to family-labour, caused by a slight decrease in the
total labour input, are certainly higher in the semi-mecha-
nised holdings than in the traditional holdings, but it re-
mains doubtful whether these incentives are enough t¢ en-
courage the farmers to adopt the new methods.

There is only an insignificant improvement in farm profits
when early-maturing rice varieties are introduced into semi-
mechanised rice cropping (rise in net cash income of 3 %),
The cultivation of varieties with a longer vegetation period
is thus replaced on about a quarter of the semi-mechanised
arable land, On account of the lower yields of the early-
maturing varieties, the result is a decline in rice produc-
tion and an increase in coffee and maize production, since
traditional upland rice cultivation js reduced and semi-
mechanised maize cropping in the second cycle and coffee
production are expanded and intensified because of the 1a-
bour released in periods V and vi.
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I'f only modern upland rice production is introduced as an
alterrative in the model, this activity appears in the solu-
tion to an extent of 70 % and 45 % of the hand-cultivated
rice area in traditional and semi-mechanised holdings re-
spectively, although it is not conducive to any significant
rise in net cash income (3 % and 1 %). Even if new varie-
ties are available, with an average yield of 25 dt/ha with
the hand method and 30 dt/ha by semi-mechanised cropping,
the 6-10 % improvement in the vbjective function remains
relatively small. Moreover, such improved rice varieties
have scarcely any impact on the optimal farm organisation,
if modern coffee cropping is also included. Only in the
traditional holdings modern coffeee production is slightly
reduced and replaced by intensive traditional cultivation
methods. The total rice area remains unchanged, and the
surplus production resulting from the increase in rice
yields is sold. Thus rice accounts for 17 % of the cash re-
turn, and the net cash income rises by 22 %. In the coopera-
tive holdings, on the other hand, the net cash income would
rise by 44 % and the optimal farm organisation remains the
same as in the case of actual average rice yields., With
these technical advances in rice production, the marginal
value of the semi-mechanised land would double (from 23,000
to 46,000 FCFA/ha) in holdings with a labour force of 4.5ME,

2.3423 The effect of price changes of inputs and products
on_the allocation of farm resources

Diagram 2.11 illustrates that, with regard to the change of
paddy ‘prices, the organisation of traditional holdings is
relatively stable. With a coffee price of 150 FCFA/kg, the
price of paddy must be at Teast 55 FCFA/kg for upland rice
to be grown to a limited extent as a cash crop, Up to a
paddy price of 7§ FCFA/kg, the organisation of the holdings
remains unchanged, and since rice is mainly grown as a sub-
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Diagram 2,11: The effect of paddy price changes on the optimal organisa-
tion of traditional ang senii-mechanised holdings

100 Seaj-aechanised heldings

T

i

Percent of total cultivated area

Traditional holdings

Paddy price 25 b

Tota) culti- b
vated ares . O:Bl 8.61 8,31 8,21 7.2 7.4

Net cash 200200 200200 200800 209200 230100 255100
incone

Traditional upland rice, st year

1rad, upland rice, 15t year (early soving)
Susistence crops (int,)

Seai-aechanised rice (int.)
Sewiarchanised waize, st cycle (ext,)
Seni-sechanised maize, 2nd cycle (ext,)
Traditicnal coffee

Traditional coffee (int,)

Source: Compiled by the author.
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sistence crop, price changes for paddy scarcely have any
effect on the net cash incomes of the ho]dings1). There

is also no significant change if improved seeds and mineral
fertiliser are used. The amount of rice sold per holding
(with 3.2 ME) rises from 108 to 156 kg with a paddy price

of 55 FCFA/kg, and reaches 358 kg with a price of 65 FCFA/
kg. If modern coffee production is included, paddy is only
sold at a price of 75 FCFA/kg (113 kg). These examples show
that upland rice as a cash crop is not very important in
traditional farming systems, and that in view of the current
coffee prices, price policy measures relating to rice scarce-
ly seem appropriate to raise rice production.

The optimal organisation of semi-mechanised holdings is much
more affected by changes in the price of paddy (Diagram 2,11),
At a paddy price as low as 45 FCFA/kg, rice becomes more im-
portant as a cash crop. With semi-mechanised farming, maize

is still competitive on account of the higher return to la-
bous, so that the rotation constraint on rice only becomes
effective at a price of 65 FCFA/kg paddy. A further increase
of rice production is obtained by expanding traditional
cropping. The amount and intensity of coffee production de-
creases relative to the increasing importance of rice.

In 1974, the price relations in Ivory Coast were distorted,
as the farm-gate prices fixed by the Government were in-
creased for paddy from 28 to 65 FCFA/kg and for coffee from
120 to 150 FCFA/kg. In the same year, price increases of
material inputs and machine hire ranged between 25 % and

80 %. As Table 2.36 illustrates, these price changes have
hardly any effect on the organisation of the traditional
holdings. The area devoted to rice is simply increased by

7 %, rice is sold on a small scale and the coffee area is
is only slightly reduced. The net cash income improves by
about a third, and amounts to 126,400 FCFA per holding.

1) Naturally the profitability of rice production increases,
and the farm income and farm family income rise accord-
ingly.
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Table 2.36: Optimal organisation of traditional and semi
farms in West Ivory Coast under the price re

1972/73 and 1974/75

~mechanised
lations of

Traditional Semi-mechanised
noldings holdings
(3.2 ME) (4.5 ME)
1972/73 1974775 1972/73 1974775
Total cultivated area
(ha) 4.34 4.36 8.86 7.17
- trad. upland rice
{(ha) 1.21 1.30 0.82 0.94
- other subsistence
crops (ha) 0.27 0.28 0.26 0.34
- coffee (ha) 2,86 2,78 4.28 3.39
- semi-mechanised upland
rice (ha) - - 0.50 1.50
- semi-mechanised maize,
st cycle (ha) - - 1.50 0.50
- semi-mechanised maize,
2nd cycle (ha) - - 1.50 0.50
Labour input (ME-days) 546 555 828 803
- family labour
(ME-days) 486 492 716 691
= hired labour
(ME-days) 60 63 112 112
Sale of rice (kg) - 108 - 2,237
Sale of maize (kg) - - 7,470 2,090
Sale of coffee (kg) 1,003 971 891 793
2C = OF coffee
Net cash income
94,560 126,440 194,960 233,160

Source: Compiled by the author,



Price relations of 1972/73, where in tpe optimal solution
three-quarters of the semi-mechanised land is Cropped with
maize (intensive cultivation ijn toth Cropping ¢ycles). Thus
maize js the most important cash crop angd Provides 60 g of
the cash income, and coffee only 4¢ £, With the improvement
in the price relation for paddy, the semi-mechaniseq rice
area is expanded to the 1imit imposed by the rotation cop-
straint and maize Cultivation ig reduced and maize is grown
with a Tow level of inputs ip the first cycle, Moreover, the
Coffee area ijg reduced and coffee is produced with , higher

cultivation compared with 25 g 1, 1972/73)"). Rice, that ac.
counts for 47 3 of cash income, becomes the most important
cash crop, the proportion attributadie to coffee remains
unchanged at 4 %, and maize, that contributes only 13 % of
the total cash income, becomes insignificant 4s a cash
¢rop. Because of the higher prices for purchased inputs

and machine hire, the rige in net cash income of 29 g is
Tess than in the traditional holdings. If the modern pro-
duction techniques are included, the Same tendencies can

be seen, '

—_—

1) For coffee as 3 perennial €rop, it can pe assumed that
not only an increase, byt also a decrease of its area
extends over quite a long time, since farmers are not ge-
nerally prepared to give up any of their jand cultivated
with perennia) ¢rops at short notice. The result would
be that a larger area would be cropped with 3 lower la-
bour intensity, bringing abouyt a slight drop in net cash
income,



Variations jip net cash income that are caysed by price fiyc-
tuations are relatively small, and come to about 10-15 % in
the traditiona; holdings compared with 20-25 3 ip the semi-
mechanised holdings, Similarly the marginal values of labour
change only slightly (10-15 %), whereas the marginal valye
of the semi-mechanised land is reduced to one-quarter by

the rise i, input prices,

2.4 Semi-mechanised land Rice Production Under the

———2°C “pland f —————_ _>rNder the
Unfavourable Climatic Linditions of the Centraj
Region of Ivory Coast

2.41 Natural conditions
————=__tOonditions

end of Augyst to October, Between these two rainy seasons
there is a more or less distinct short dry period in July
and August, with an average monthly rainfall of about 100 mm.
The long dry Season lasts frop November to March, The total
adverage annual rainfall jp Beoumi1 s 1200 mm, A relative
maximum (150 mm) occurs in June and an absolyte max imnum

(240 mm) occurs ip September. The negative effects of the
short dry season on agriculture are reduced by the low po-
tential evapotranspiration in July and August, in which the

y 2
1) There are only slight climatic differences to those in
Bouake (see Appendix 1v),
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ETP Turc (Eldin) is only about 90 mp per month!). The aver-
age annual temperature ist 25.5°C, The hours of sunshine

August. Soil erosion occurs to a moderate extent: the R-
value on the WISCHMEIER-scale is about 600 (ROOSE 1977,
p. 133).

The landscape is gently undulating, with the Steepest slo-
pes rarely exceeding 10 %, About two-thirds of the region
developed from granite rocks, and the slopes are between 2
and 7 %. These mostly ferralitic soils are usually very
light, with a clay content of 10-20 % ang about the same
proportion of gravel, Tho content of organic matter is on
average 2.2 %, which is Satisfactory. These soils provide,
therefore, favourable conditions for intensive mechanised
agriculture, because soil erosion is not g problem that
requires expensive control Mmeasures. The second important
greup of soils developed from schist (about a thirg of the
land area). In this case the slopes are Steeper (7-10 g),
and the content of clay (aboyt 20 %) and of organic matter
(3-3.5 %) is higher than in the $0ils derived from granite,
But despite this higher sgi] fertility potential, these
soils are more difficult to cultivate on account of their
higher gravcl content. Both soi] types have a low water
"olding capacity, which is an important disadvantage in
view of the uncertain rainfall distribution.
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2.42 The development of farming Systems with permanent
upland cultivation

In Ivory Coast in 1971 the first villages were resettled
that were being flooded by the lake of the Kossou Dam. The
resettlement programme was undertaken by a semi-government
organisation, the Autorite pour 1'Aménagement de la Vallee
du Bandama (AVB). As part of this programme, one of the
main objectives in the agricultural sector was to replace
traditional bysh fallow systems by semi-mechanised perma-
nent cultivation in some of the farms (AVB 1975, pp. 1 et
seq.).

To achieve this, so-caliled “Groupements Pour 1'Utilisation
du Materie] Agricole" (GUMA) were founded and equipped with
machines and agricultural implements (45 gy tractors and
mulching equipment, disc ploughs, disc harrows and seed
drills). Each GUMA comprises 30-40 farmers and cultivates

an area of 150-200 ha, a so-called “ensemble", The costs of
the development of this land were entirely undertaken by the
Government, Each ensemble is divided into 5-6 sections ac-
cording to the rotation followed, and each of these sections
is devoted to the production of one crop. The sequence of
cropping, cultural operations and production methods are
determined to a large extent by the AVB, and farmers are
obliged to follow the instructions of the extension service.,

The fo]]owing rotations are mainly adopted1):

1) The original rotation had been suggested by agricultural
research stations (IRAT, IRCT). In view of the price change
for paddy in 1974, the Proportion of rice in this rotation
was increased, tog, Since 1976, the double cropping of
maize and cotton is no longer practised because most of
the farmers were not interested in maize cultivation as
market prices were Tow,
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Original Modified Modified
rotation rotation rotation
(1971-1976) (from 1975) (from 1976)

1st year yam yam yam

2nd year maize/cotton1) rice rice

3rd year rice maize/cotton cotton

4th year Stylosanthes rice rice
gracilis
5th year Stylosanthes Stylosanthes Stylosanthes
gracilis gracilis gracilis
6th year - Stylosanthes Stylosanthes
gracilis gracilis

The Stylosanthes fallow is used for cattle grazing. At the
outset this land was leased to herdsmen specialised in

fattening of N'Dama cattle, After some time the attempt
Was made to establish communal catt]e-keeping with the co-
operatives' members owning the herd and making use of the
fallow land.

According to the rotation, the annual cultivated area amounts
to 100-170 ha, Land-use intensity is about 70-80 %, and is
therefore lower than in the example from the western region
(R = about 120-130),

This case study analyses the situation in six of these en-
sembles in the villages Assakra, Dieviessou, Fitabro and
Yoboué N'Zua in the vicinity of Beoumi town, about 40 knm
west of Bouaké in the centre of Ivory Coast (see Map 1, Ap-
pendix III). With regard to soil quality, these ensembles

are divided into two groups, three with good soil conditions
suitable for mechanised cultivation, while on the other
three soils are of only average to poor quath2 .

1) Maize is grown from April to July, cotton from August to
November in the same year,

2) See page 122,
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2.43 The o0rganisation of the holdings

In a single-visit Survey, information on farm structyre was
collected fron four holdings ip each of the siy ensembles
(July 1975)1). The selection of the farms was left to the
agricultural extension workers and was not at randomz). The
results are therefore not representative ang are only in-
tended to 9ive an idea of farm organisation,

2.431 Resource availabilit

2.4311 Labour

bour, the relation of the labour force to family size is
only smal) (r = 0.412*), The demographic features of the
holdings are Summarised in Table 2.37,

—_—
Footnote 2 from page 121:

2) Information given to the author by pr, CARUCCT, FAO-con-
sultant with AVB, Bouaka, October 1975, The soil quality
also varies considerably within the individual ensembles,
but there is po detailed information available, The <las-
sification was the result of ,4 pedological survey before
clearance,

1) See Appendix Vv for the method, For financial reasons it
was unfortunately not possible to carry out a similar,
intensive ang comprehensiye Survey over g3 longer period
of time or tg include traditional holdings as in the
Previous case study,

2) It was not possible to estimate the traditionally culti-
vated area in gpe holding, which was therefore excluded
from the analysis,
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Table 2.37: Demographic features ang labour force in semi-mechanjseq
holdings in the centrai region of Ivory Coast

—_— —_—

Feature Regiona] AVB holdings (n=23)
averagea) X Cv(g)

Number of persons

per householq 6.5 6.9 34

Number of wives

per farmer - 1.4 56

Age of farmer (years) - 42.0 28

Labour force (Me) 3.2 3.2 32
a) Results of the agricultyral census 1974 for the region
“Bouaké Centre",

b) Number of persons 15 tg 59 years old,
Source: RCI/MINISTERE pe L'AGRICUL ruRg 1976, Tab, 1.61 and 1,71,

area of the holdings Within the ensemble and the fields cyj.
tivated by traditiona) methods, According to the traditio-
nal law of the Baoula, , right to Tand yse of only Timited
duration can be claimed, ang for this reason the fallow
fields jp the traditiona) farming system may not be inclyded
in the Jang area of the holdings. Perenniai €rops are not
grown'’, The dverage farnp Size is 5.2 ha, of which appro-
ximately 90 % is Cultivated by tractor, as Table 2.38 j1-
lustrates,

of 7 ha in the south of the Country that he had let gn
lease, nce this yas €xceptional, ¢ Was not included
in the analysis,


http:lustrates.90

Table 2.38: Farm size of semi-mechaniseqd holdings in the central
region of Ivery Coast (n=23)

Mechanised land Traditiona} land  Total land

X{ha) Cv(g) X(ha) CV(%)  X(ha) Cv(2)
—_— M !

Total Cultivateq
a

are 4.53 11 0.63 59 5.16 12
Theoretica}
farm sizea - - - - 6.62 26

The semi-mechanisey holdings are thus much larger than the
average for the region; the agricultural Census of 1974 re-
vealed an average farp size of only 1.6 ha per holding
(RCI/MINISTERE DE L'AGRICULTYRE 1976, Tab, 2.11),

to influence the variation jp the farm Size appreciab]y, the
area of lang per Mf clearly decreases as the laboyr force
of the holdings increases (r = ~0.860%%%)



- 125 -

Diagram 2.12: Relationship between the number of holdings and the
total cultivated area in semi-mechanised farming systems
in the central region of Ivory Coast
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Source: Compiled by the author.

2.4313 Capital

Capital goods in the holdings are limited to simple hand
implements and containers for transport, and they do not
Create a bottleneck for agricultural production.

With the exception of poultry, stock-keeping in the holdings
is forbidden by the project Mmanagement, in order to avoid
crop damage. About three-quarters of the holdings keep
poultry, mostly hens, almost entirely for subsistence., The
average stock is 9.0 birds per holding.
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2.432 Land use

2.4321 Methods of Crop production

Farmers are obliged to grow particylar Crops on the mecha-
nically Cultivateq land. Land Preparation apg the sowing of
maize, rice and cotton are Carried out with tractors; for
yam the langd js simply Ploughed, A1 other Operations, Jjke

are grown, For p]anting,sections of tuber are used (1500-
2000 kg/ha), After p]anting, the plots are continuously
weeded, and harvested from Decemper into February, Minerai
fertiliser application js not practiseq,

Unti) 1975, maize Was grown during the first rainy season,
The variety used, a composite (CIB) with 2 vegetation pe-

Ploughed ang harrowed 0nce or twice. A single-seeq drili
was used for sowing (30 kg/ha). Thinning, weeding and hap-
vesting were done by hand, and ng minera) fertiliser was
applied,

cient to Prepare the seedbed for cotton. Pest control s
performed using knapsack Sprayers, and the Number of
sprayingsranges between three angd five, The input of mine-

reasons for the Tow yieid level, namely late s0Wing (some-
times not until the eng of August) Caused by delayed maijze
harvesting.



Diagram 2.13: The pattern of field work in semi-mechanised upland farming in the central region
of Ivory Coast
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Seedbed Preparation for upland rice consists of p]oughing
and harrowing the land, Sowing is at the end of May or the
beginning of June towards the end of the first rainy sea-

but sometimes a further dose of 100 kg ammonium sulphate is
given when shooting takes place. Rice is harvested in Octo-
ber/November, and paddy is threshed with mobile power take-
off operateq threshing machines,

The Stylosanthes fallow shoulg be establisheq during May,

Since the 5011 has to be ploughed and harrowed as in the
Case of maize ang rice, and machine time jig Sometimes limited
establishing the St losanthes fallow extends fronp May to
August, Mulching is the only husbandry Practice, and it is
carried oyt once a year, The fallow are.s are fenced in
and grazed rotationally with N'Dama cattle,

The traditional forn of lang use is hoe cultivation in a
bush faligy system, Yam js mostly grown as the first crop

are worked intg the soi7, Early maturing varieties are
grown first, ang in May/Jdune late-maturing yam varieties
are planted, According to variety, harvesting takes place
after v to g months, About three wonths after the first
harvest, early Mmaturing varieties produce a further yield
of small tubers that are mostly yseqd 45 seeds. As , rule,
mixed cropping is Practised, ang the density of the stands
of other €rops is low, Maize, Cassava, okra (Hibiscus escu-

lentus), tomatoes, €gg plants {Solanum 5p.) and spices

(Capsicum Sp.) are frequentiy grown (RCI/MINISTERE DU PLAN

1966, Vo1, 2, pp. 84 et $eq.). In the second year, 3 part
of the lang is mostly cropped twice: maize, groundnuts,
ouré-gurg (Cucurjs amarys) during the first rainy seasun,
followed by upland rice or more rarely by cotton, The last
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crop is cassava, which stays in the sof] as food reserve
that is harvested according to need, and ijs overgrown 1in
time by the fallow vegetation. The duration of the fallow
after these two to three years of cropping ranges between

2.4322 Crop areas

The total cultivated area per holding is 4.7 ha, of which

86 % is mechanised {see Table 2.39). In the ensembles, the
land-use intensity is 120 %, because majze and cotton are
cultivated in the same year, If we include the fallow land,
the R-valye ijg 90. As can be seen from Table 2.39, rice is
the most important C€rop and accounts for 37 % of the mechani-
cally cultivated land; maize accounts for 24 g%, yam for 22 %
and cotton, that is not grown in al holdings, for 17 %. The

(44 ) is devoted to yam, while 20 2 ig devoted to ground-
nuts and 20 % to €assava, Only 5 % of the land is cropped
twice a year,

Among the reasons for practising traditional farming are
the need to eénsure subsistence requirements ang the employ-
ment of the idle family labour, Since there is no recognis-
able relation between the traditionally cultivated land and
the size of the family (r = 0.027), a basic reason for tra-
ditional cultivation might well be the full employment of
the family labour force, although even this relation is not
very close (r = 0.490+),

The tota) tultivated area per ME is 1.6 ha, and it decreases
clearly with the increasing labour force of the holdings

(r = -0,761%%+), Compared with traditional agriculture in
the region, the Cultivated area per ME in the semi-mechani-
ed holdings could be increased by almost three times! .

—_—
1) See page 130,
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Table 2,39; Crop areas in semi-mechanised holdings in the central
region of Ivory Coast (n=23)

Crop Mechanised Traditional Total
X(ha) cv(%)  X(ha) CV(%)  X(ha) cv(g)

Yam 0.68 13 0.29 g6 118 22
Rice 1.49 29 ) 1.53 26
Maize 0.97 17 ) 0.99 19
Cotton 0.67 69 - . 0.67 69
Groundnuts - - 0.13 74 0.13 74
Cassava - " .14 123%) g yg gpe0)
Others . - 0.05  196%) g5 yged)
Total cultivated

area .01 16 0.66 62 a.67 18

a) Only two farmers cultivated uplard rice, and one farmer maize on
the traditionally cultivated area,

b) High coefficient of variation Caused by a large number of zeros,

Source: Compiled by the author.

2.433 The labour economy

Data on the labour use in the period April/October in 16
of the 24 holdings is available from a survey carried gut
by ORSTOM in 1975' . With the exception of harvesting. in-

Footnote 1 from p. 129: . .

1) The average cultivated area per ME in the region is 0.5
ha (BDPA no year, Vol.2, p. 116; RCI/MINISTERE DE L'AGRI-
CULTURE 1976, Tab, 1.71 and 2.11).An area of 1.6 ha/ME is
high even in comparison to other'mgchanised projects in

1) Unless otherwise stated, all data are derived from
ORSTOM 1976,
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formation about the most important cultural operations in
this survey is provided by traditional and semi-mechanised
farming,

During the survey period'). the average labour input per
holding was 15.5 ME-days per week, which would correspond
to a total labour input of about 800 ME-days per year. The
actual figure might range between about 600 to 700 ME-days,
if we bear in mind that the labour input is lower in the
dry season, 79 g of the total labour input was provided by
family members, the rest mainly by non-family labour within
neighbours! Cooperation groups®’, for these reasons, the ac-
tual figure is about 150-180 ME-days per empioyed person,
or 900-1100 working hours per year™', The input of family
labour is thus much higher than in the western region.

[f we examine the behaviour of the farmers in respect of
the Tabour input, we can differentiate between three groups
of holdings:

- holdings with above~average labour force, in which both
the Tabour input per person and non-family labgur as a

- holdings with a low labour force and a relatively high
proportion of hired Tabour (25 %) and high Tabour input
per unit of family labour; ang .

- holdings with an average labour force and very high input

per unit of family Tabour, with only about 15 g non-family
labour,

1) The periods vary between 16 and 30 weeks for the indivi-
dual holdings,

2) According to the author's own investigations in 1975,
about two-thirds of the farmers and half of their wives
were members of so-cal)ed "N'B1in (neighbours’ coopera-
tion). Since this assistance is mutual,family labour as
8 proportion of the total labour input is in fact con-
siderably higher,

3) The average working time in the region is 6 hours per
day. Surveys in the early mechanised projects in the
region (1968/69) mentioned average figures of 1,152 hours
Per annum (192 days) for men and 893 hours per annum for
women (BONNEFOND 1971, p. 129).
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On average, about 86 % of the total lahour input is devoted
to the semi-mechanised Part, and 14 % to the traditionally
cultivated area. As these proportions correspond also to
the proportions of the area devoted to each cultivation
method, the labour intensity on both semi-mechanised and
traditionally Cultivated areas must be the same,

With regard to the pattern of work in the holdings, there
are two labour peaks: ridging for and planting of yam in
May/June and another peak in July/August when yam and rice
weeding and maize harvesting must pe carried out.

I't was possible to estimate the labour input per hectare

for four operations, Ridging for yam cultivation after trac-
tor ploughing requires on average 87 ME-days/ha. In this
case the growth of Imperq&gngxljndrica Plays an important
role, because if weed growth is dense, the labour input rises
to about 150 ME-days/ha. The average labour input of 21 ME-
days/ha for weeding of maize was relatively low, since

maize is cultivated directly after yam. In contrast, weeding
for rice and cotton demands a considerably higher labour in-
put of about 75 ME-days/ha. There are On average 20-25 days
between sowing and the beginning of weed control, The lon-
ger this interval is, the higher the labour requirement for
weeding {maize r - 0.460, rice r - 0.€70**). In the case of
cotton, however, this relation is re er,ed (r = -0.714%x),
which can be explained by the fact that weeding has to be
started very early on plots especially with intense weed
growth,

The re]ationships between the labour input per hectare and
the cultivated area are relatively weak for all operations,
which leads to the conclusion that there are no significant
economies of scale. On the other hand, the labour input per
hectare rises with the increasing labour force of the hold-
ings (rice r = 0.317*** maize r - 0.782**), i.e. with more
available family labour, production becomes more labour-in-
tensive,
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2.44 Development of yields

A period of 5-6 years (1971-1976) is certainly too short to
draw conclusions about the change of soi] fertility in this
farming system, or to demonstrate trends in the development
of yields. This applies particularly in the case under stuy-
dy, where the irregular rainfall distribution gives rise to
pronounced variations of yield. But the available informa-
tion allows us to make some tentative statements regarding
the possibilities of permanent upland cultivation within
smallscale farming systems in this region,

2.441 Crop yields and yield variation over time

If the average yields of the different crops in all ensem-
hles is considered, it becomes obvious that the initially
planned yields are realised only in the case of yam (see
Table 2.40). The yields of the other crops are 15 %, 20 %
and almost 50 % below the target figures for maize, rice,
and cotton respectively. The coefficient of variation is
the smallest for yam (25 %), which is the most important
subsistence crop in the region, not least because of its
relatively stable yields. The coefficients of variation

for the other crops are about 45 %, which is very high, and
except for cotton (10 g higher), they correspond largely to
coefficients of variation that have been observed in agri-
cultural research stations (see Le BUANEC 1972, pp. 1207

et seq.).

If crop yields in ensembles with good soil quality are com-
pared to those in ensembles having poor soils, differences
of about 20 % in the case of rice and cotton and 46 % for
maize are observed. The difference in yield of yam is only
slight. The variation of yields is usually higher on good
soils than where the soi] quality is moderate, since soils
with a high water holding capacity serve as a buffer in
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Table 2.40: Average yields and coefficients of variation over time in Six AVB-ensembles 1871-1976

(yields in dt/ha and coefficients of variation as a z)

Crop Planned Average yields and coefficients of variation over time in Difference
yieldb) . s between
all ensembles 3 ensembles with 3 ensembles with 3 and 4
good soil quality moderate soil quality
X cv x cv x cv X cv
1 2 3 4 5
Yam 120 125.6 24.9 129.2 20.9 122.0 29.3 n.s. n.s,
Maize 22 19.0 46.3 22.8 40.8 15.6 47.0 n.s. n.s.
Cotton 12 6.4 44.5 7.0 38.0 5.9 52.4 n.s. *x
Upland rice 20 15.7 46.3 17.1 47.2 i4.1 43.6 n.s. n.s.

a) Yields of yam and maize were measured by placing two 100 me quadrants at random on the
Rice yields indicated here are the quantities of paddy weighed after mechanical threshi
be slightly underestimated, Cotton yields represent the quantities sold by farmers.

b) AVB 1975, p. 19.

Source: Compiled by the author from unpublisheq documents of AVB.

plot of each farmer,
ng, and hence might

- bel
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short dry spells and thys reduce the effect of drought on
yields. Most of the differences are, however, not statisti-
cally significant, a fact which js Partly due to the great
variation of yields,

Another reason for the Tow Tevel of yields, apart from s0il
quality, is poor crop husbandry (ORSTOM 1976, pp. 36 et
seq.). In particular, weeding is started too Tate and pest
control is not carried out properly i1 the case of cotton,

A further difficu]ty is the fact that the Cooperatives often

rations, on account of weather conditions (lang preparation
for maize and cotton, sowing of maize and rice), delayed
maize harvesting (sowing cotton) and frequent technical
breakdowns that are caused by lack of experience of tractor
drivers, poor maintenance and difficulties in the supply

of spare parts.

I'f we compare the average yields in the first three years of
the project with those in the following years (1974 to 1976),
a declining trend of maize and cotton yields is apparent
(see Table 2.41), However, these differences can be atribut-
ed basically t¢ the unfavourable climatic conditions in

dication of a decline in soi] fertility!),

1) Certainly, we cannot exclude that g decline in soi] ferti-
1ity has had'some effects on crop yields, but if the va-

riation of yields caused by climate {g high, a period of
six years is too short to quantify this influence,
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Table 2.41: Development of yields of yam, maize, cotton and upland
rice in six AVB ensemtles from 1971-1976

Crop Average yields and coefficients of variation Difference
_ 1971-1973 _ 1974-1975
X cviz) X Cv{x)
Yam 122.1 25 128.6 25 n.s.
Maice 23.0 33 15.4 57 *
Cotton 7.8 22 5.3 60 *
Rice 16.7 50 14.0 51 n.s.

Source: Compiled by the author based on unpublished documents of AVB,

2.442 The variation of yields between holdings

If it is assumed that important yield-determining factors
like climate, Crop varieties, time of sowing, land prepara-
tion, fertiliser application and to some extent soil quali-
ty var only slightly within an ensemble, the varjation of
yicids between the holdings is to be attributed to the per-
formance of the individual farmer, It is not, therefore,
surprising that cotton has the highest coefficient of va-
riation (see Table 2.42), because in addition to weeding
Pest control acts as another factor leading to yield varia-
tion between the holdings,

As i, the case of yield variation over time, the variation
of crop yields between the holdings increases with deteri-
orating soil quality. This is particularly obvious for
maize and cotton, but also for yam and rice as the maximum
values indicate.

As a rule, the varijation of yields between the holdings is
higher in climatically unfavourabie years, The correlation
coefficients between crop yields and coefficients of varia-
tion are r = -0,82g%*» for cotton, r = -0, 554+ for maize



Table 2.4z: Coefficients of variation of yields between the holdings
in six AvB ensembles, average 1971-1976 (%)

- P — '“"'T"'““““““““"““"Z'
Crop A1l ensembles Ensembles with Ensembles with

good soil quality moderate soj) quality
average average maximum average max imum
Yam 28.5 27.8 34.6 29.3 46.1
Maize 43.9 38.3 5B.4 48.8 77.6
Cotton 47.6 38.8 53.4 58.2 86.8
Rice 34.5 33.2 48.0 36,2 67.6
Source: Calculated by the author based on unpublished documents of AVB,
and r = -0,555%# for rice. Thig means that the higher the

yields or the better the climatic and edaphic conditions,
the smaller the variation of yields between the holdings,
This does not apply to the same extent to yam (r - -0.122).

2.45 The Erofitabilitz of upland rice production under
unfavourabie climatic conditions

vant here tg evaluate the profitability of 2 crop: the gross
margin per hectare as an indicator for the efficiency of
land use and the gross margin per ME-day as an indicator

Since the variation of crop yields ijg very important on ac-
count of the uncertain distribution of rainfall, averaqes
are only of a limited value. The available data is not suf-
ficient for the application of sophisticated statistical
methods'). In the following, therefore, in addition to the

_—

1) A method of evaluating the profitability of crop produc-
tion methods under the condition of yield uncertainty
Caused by climate is given in Appendix VI,
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use of average figures in the economic analysis, the values
(X 2 5)'" are also used in order to give an idea of the
impact of yield uncertainty on the profitability of the
different crops,

From Table 2.43 it can be seen that yam is superior to alj
other crops with regard to returns Per unit of area. With
a farm-gate price of 15 FCFA/kg, even a yield of 26 dt/ha
would be sufficient to cover the total variable costs, In
the case of maize and cotton, net returns from both crops
must be added, since they are grown in the same year., Eyen
then the gross margin per hectare js lower than that for
upland rice, Since the yield of both crops is positively
correlated (r = 0.502*), ij.e. high cotton yields can be
eéxpected in years of high maize yields and vice versa, the
Cultivation of both crops does not lead to risk reduction
for the farmers,

As Diagram 2,14 illustrates, in spite of the high labour
requirements, yam and upland rice are clearly superior to
maize and cotton in respect of returns to labour, Compared
with upland rice, yam is less profitable in years with
favourable climatic conditions, but otherwise produces a
higher gross margin per ME-day. In this case, the decisivye
factor for the economic evaluation is the farmer's reaction
to risks in production©’,

If there is risk aversion, yam is pPreferable to upland ricea).
In a comparisgn of maize and cotton, however, it must be

_—
1) If an approximatelz normal distribution of yields is asg-
sumed, the values X 1 s each explain about 16 % of the

cases,

2) On the problem of decision making under uncertainty, see
ARROW 1971, DILLON/ANDERSON 1971, HANF 1969, MOSCARDI
1976, Von NEUMANN/MORGENSTERN 1947, WOLGIN 1975,

3) In this context the problem of Securing subsistence needs
should be noted. In African smallcale holdings, an impor-
tant economic objective is an adequate supply for domestic
needs, even inp climatically unfavourable years, A very com-
mon fact is that the Crops constituting the staple food of
the population show a Comparatively Jow variation of yield
over time in relation to other crops (see also Le BUANEC
1975b, p. 3).



JPPJ?~§:QE: Profitability of yam, maize, cotton and upland rice in semi

{prices 1974/75)

-mechanised farming in the central region

of Ivory Coast

a m M a i 2z C ottt on Upland rice

X -5 X X+ X -5 X X+ts X -3 X X+ X -5 X X+s
Yield (dt/na) 94.0  125.0 156.0 Y5 190 285 4.5 6.5 8.5 8.8 16.0 23.2
Coefficient of variation (1) 25 50 30 45
Gross returns (FCFA/ha) 141,000 187,500 234,000 17,100 34,200 51,300 31,500 45,500 59,500 61,600 112,000 162,400
Variable costs (FCFA/ha) 38,700 38,700 38,700 20,900 20,900 20,900  22.900 22,900 22,900 38,600 40,800 43,000

1

- Seeds 30,000%)30,000%)30,000%) 2,400 2,400  2.400 ) 5,200 5,200 L
- Fertiliser <) <) ) -<) <) -€) 12,300 12,300 12,300 .2,300 12,300 12,300 w
- Machine hire 8,100 8,100 8,100 17900 17,900 17,900 9.800 9,800 9,809 17,900 17,900 17,900
- Uthers 600 600 400 600 600 600 80 800 800 3,200 5,400%) 76009
Gross margin (FCFA/ha) 102,300 148,800 195,300 - 3,800 13,300 30,400 8,600 22,600 36,600 19,900 70,300 120,700
Labour requirement (ME-days/ha)e) 195 210 235 42 50 58 125 140 155 90 95 100
Gross margin per ME-day (FCrA) 525 709 83 - 266 524 6 162 23 221 240 1,207

a) Planting material and weight losses.

b) Seeds and insecticides are supplied free to the farmer, costs are considered in the farm-gate price.
c) No application of mineral fertilicer

d) Costs of mechanical threshing included.

e) Estimated from AVB 1975, ORSTOM 1976 and BONNEFOND 1971.

Sourgg: Compiled by the author.
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borne in mind that one of the maip reasons for the Tow
level of cotton yields is the fact that it Usually cannot
be sown at the optimum date because of delayed maize har-
vesting, Experience shows that the yields are on dverage

Crop in the sape Year, and thyg €an be sown during July
(cipt 1974, p. 46) . Consequent?y, the profitabi]ity of cot-
ton would rise, but it Would stil] pa considerably lower
than for yam and rice,

Diagram 2.14: The variation of Gross marging per ME-day of yam, maize,
cotton and rice in semi-mechanised Cultivation in the

central region of Ivory Coast

1200 - RicE
1000
w )
600 ------------------

-
400 |
200 =TT —-— Cotton

Frequency (%)

Source: Compiled by the author,
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The variation of the gross margins causecd %y the varijation
of cror yields is higher than the variation in yields. The
cnefficient of variation of the gross margins per ha is

31 % for yam, 62 % for cotton, 72 % for rice and 129 % for
maize. The variation of gross margins per unit area is the
greater over time:

- the greater the variation of crop yields;

- the weaker the relationship between yields and total
variable costs, and

- the higher the tota] variable costs are as a4 proportion
of the gross returns, i,e. the less favourable the input-
output price relation.

In the case of yield uncertainty due to climate combined
with a relatively inelastic demand, price fluctuations for
agricultural products can generally be observed, in parti-
cular for products that cannot easily be transported or
stored. This applies to yam and to a lesser extent to maize
in the central region of [vory Cuast, because farm-gate
prices for rice and cotton are fixed by the Government,
Price fluctuations reduce risk and thus the varijation of
gross margins. The economic evaluation of crop production
on the basis of average figures produces better results, if
relative price changes are not much higher than the yield
fluctuations. UPTON and CASEY (1974, pp. 147 et seq.) point
out, however, that the use of mathematica) expected valyes
is not without its problems, ard can lead to incorrect con-
clusions:
"- where two variables (e.a. yields and price) are corre-
lated,

“- where decisions are made sequentially and the possibili-
ties of future outcomes are dependent upon decisions
made earlier in the sequences, and

- where fixed constraints Prevent the producer from taking
advantage of better than average outcomes,"

This range of problems cannot be dealt with here in any more
detail, because of the lack of information on these factors,



3. The Evaluation of Rainfegd Rice Production from the
Macro-economic Point of View
T 1010t of View

In the light of the analysis of tpe profitability of rainfeg
rice Production at the farm level, conclusions of only 1i-
mited valye can be drawn about the feasibi]ity of rainfed
rice Production at the Mmacro-economic level,

Taking the Ivory Coast as an example, the economic aspects

of rainfed rice production at the national level are dis-

Cussed here, p this context, two fundamenta) questions are

of vital inlportance:

1. Is it macro-economica]ly feasible for Ivory Coast to
produce radinfed rice Or are there alternatiyes ot grea-

ter benefit With regarg to the optima) allocation of
scarce resources?

2. By which method should rice be produced if self-suffij-
ciency is , stated political target?

production factors at the national level. This is, however,
beyond the scope of this study. The analysis Concentrates,
therefore, on the second question, which is, above all rele-
sion makers.
Reducing dependence op imports of basic foodstuffs, that
are moreoyver subject to sharp price fluctuations on the
world market, is an important political target in the long
run

As in other West African countries, complete self-sufficien-
¢y in rice is , goal in Ivory Coast too, and the question

is simpl, which form of rice production ijg the most econg-
mically feacibije from the macro-economic point of viey to
reach this objective,

—_—
1) Dealing with the first question woyly reveal how big the
loss of the value added would be if this aim were pur-
sued, assuming that the best utilisation of scarce re-

Sources is ngt achieved by rice production,
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3.1 Hethodologz

Generally speaking, the macro-economic feasibility of de-
velopment activities that have been planned or actually
realized is evaluated by using cost-benefit analyses, These
analyses are usually based on a project which is the smal-
lest operationai unit that is separately planned, implement-
ed and administered (RUTHENBERG 1977b, p. 13), whereby the
development in conjunction with a project is compared with
the development without a project. Due to lack of sufficient
data, this comparison was not possible, and therefore another
approach- has to be ysed which is presented in the following,

The economic evaluation of rice production is based on a
cost-benefit analysis per unit of area (ha)1). whereby, in
contrast to the analysis at farm-level, the time-factor is
taken into acccunt, and all costs and benefits are valued
at economic prices reflecting the situation of product and
factor markets at the national level, The criterion for
evaluation is the value added that is achieved by a produc-
tive activity, i.e, its contribution to the national income,

For the appraisal of development projects, there is actually
a number of methods with various systems of valuation that
have been devised for cost-benefit analyses, on which no
further details need be given herez). In this analysis only
the direct effects are discussed and al} indirect effects
(forward and backward linkages, technical spillovers, etc,)

1) As in the case of the total cost accounting at the farm
level, there is here too the basic problem of how those
costs are to be considered that do not change relative
to the area, The validity of the results is therefore
limited, since costs cannot be clearly allotted to the
individual activities,

2) The main approaches are dealt with by GITTINGER 1972,
LITTLE/MIRRLEES 1969 and 1974, MISHAN 1971, ROEMER/STERN
1977, RUTHENBERG 1977b, SQUIRE/Van der TAK 1975 and
UNIDO 1972,
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are ignored, Moreover, the impact on sucio-economic targets
as regards employment, income distribution, balance of pay-
ment:z, etc,, are dealt with qualitatively,

The internai rate of return jg used as a profitability cri-
terion, In the initial calculation, alj Costs and benefits
are valued by the domestic market prices in 1974775, This
assumes that the market prices reflect the scarcity of goods
and services in the economy. In the case of the labour, it
is assumed that wages for hired workers in agriculture cor-

FCFA/ME~day). In reality, however, the marginal return to
labour! could be considerably higher than wages, For this
reason, an alterrative calculation is carried out with
higher Opportunity costs for labour®’,

counting prices on the basis of world market prices, since
rice and a large Part of inputs are international]y traded
goods. Where no information on world market Prices is avail]-
able, accounting prices are.estimated on the basis of dome-
stic prices™’, The oppartunity costs of labour are assumed
to be 275 FCFA/ME-day5).

-_—

1) As the case study of West Ivory Coast shows, the average
return to labour in the traditional farming Systems
amounts to about 400-700 FCFA/ME»day. Since the marginal
return to labour is lower than the average return, the
opportunity costs ape assumed to be 400 FCFA/ME-day.

2) Cost-benefit analyses on the basis of domestic market
prices provide information about the economic feasibilij-
ty of development activities under the market conditions
which are influenced by political decision makers (cus-
tom duties, taxes, subsidies, price fixing, etc.).

3) Paddy is an intermediate product and is not traded inter-
nationally, A world market price for Paddy is deduced in
Appendix 1x.

4) See Appendix IX. This is only a rough estimation of the
figures taking into account taxes, custom duties, subsi-
dies, etc.; for the precise method see SCOTT et al, 1977,

5) See page 145,
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The analyses cover a period of 20 years, during which
prices are kept constant. Apart from cultivation by tradi-
tional methods, it is assumed that in this period yields
per hectare of rainfed rice increase by 20-30 ¥ and of wet
rice by 40-60 % on account of advances in plant breeding.

3.2 The Profitability of Rainfed Rice Production at the
Macro-economic Level

3.21 Results of the cost-benefit analysis

If domestic market prices are used, both investments and
running costs are higher than those at the farm level from
the macro-economic point of view, because not all invest-
ments are realized or paid for by the farmers, and the

costs of extension services, maintenance of the infrastruc-
ture, etc., do not have to be borne by the individual farms,

Table 3.1 illustrates the investments, costs and returns of
various rainfed rice production methods. Investments and
costs valued at domestic prices are higher for the mechani-
sed techniques than those derived on the basis of world
market prices, since in Ivory Coast domestic prices for in-
vestment goods and inputs are higher. This does not apply,
however, to hand cultivation methods, since the domestic
wages for unskilled labour are below its opportunity costs
valued at world market prices. The difference in the total
costs per hectare between the two approaches of evaluation
is only slight, except for fully mechanised production,

Footnote 5 from p, 144;

5) If coffee or cocoa production were regarded as the best
alternatives, the labour opportunity costs would be much
higher. The use of a high accounting price for labour is
however limited, because of the export situation of these
products on the world market and the deficit in the do-
mestic productior of foodstuffs,



Table 3.1 lnvestments. €osts and benefitg ip rainfed rice production in Ivery Coast on the basis of domestic
T )

in 1974775 (FCFA/ha

Central Region

Ox-team Semi-mechanised Traditiona) Manual cultivation
cultivation cultivation cultivation with fertiliser
(D) (¥) (D} (W) (D) (W) 0y - ()
lpyestmeqﬁi (FCFA/ha) 59, 300 45,200 206,400 178,500 13,200 16,400 13,2c0 16,400
- Land development 16,500 13,700 130,000 107,900 13,200 16,400 13,200 16,400
- anrastructure {roads) 2,100 1,700 6,000 5,000
~ Machinery and buildings®) 35 000 28,100 67,90 63,500
~ Overheads 2,100 1,700 72,500  2.1g00
Cosgi (FCVA/ha) 80,600 75.600 76,700 70,800 39,100 45,300 72,500 73,200
- Material inpyts 26,600 20,200 23,660 17,700 6,100 4,200 24,900 18,700
- Machinery and buildinqsb) 7,100 4,900 14,300 9,900
- Unskilleg Tabour 27,500 33,300 26,400 32,900 33.000 41,100 37,400 46,600
N Esr:?:?;f:a:?g:c‘se 12,000 15,000 19,209 8,500 10.200 8,500
- Infrastryctyred) Laon 1200 2,200 1,800
Benefits (FCFa/ha)
- At the begin ing of
develoumente? 97.500 67.500 117,000 81,000 104,000 72,000 130,000 90,000
- At full develounentf) 130.000 90.000 149,500 103.500 104,000 72,000 130,000 90,000
a) Including draught oxen d) Costs oc

b) Including variable costs of oxen
¢} 507 of the initial cogts from year 11 angd 25% from year 16

§gy:£g: Compiled by the author.

W e s t

———

e r

Ox-team
cultivation

(D)

68,900
25,800
2,400
38,600
2,100

80,700
26,600

6,200
29,900

16,400
1.600

130,000

(W)

53,200
21,400
?.000
28,100
1.70n
76,600
20,208
4,200
37,300

13,600
1,300

90,000

162,500 112,500

Cur in the period of 3
€} Years 1 to §
f} Years 6 to 20

Semi-mechanised
cultivation
(D) )

221,900 191,300
144,000 119,500
7,500 6,200
67,900 w3 nap
2,500 7,100

80,700 76,000
23.600 17,700
12,300 9 90n
30,800  24,a0p

9,300 7,700
2,800 2,300

130,000 90,000
162,500 112,500

to 4 yearg

Fully-mechanised
cultivation

(0) (W)

281,100 242,400
142,000 119,500
9.000 7,500
122,100 119,400
6,000 5 000

79,300 64,400
32,100 24,700
33,800 24,900
8,800 11,000

9y

1.6c0 1,300
3.000 2,500

130,000 90,000
162,500 112,500

e —
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since in this case the amount of unskilled labour is rela-
tively low (11 % and 17 % of the total costs). With other
mechanised techniques, this proportion is 30-50 %, and
80-90 % in traditional farming,

Apart from traditional upland rice cultivation, the differ-
ence in the total costs between the individual production
methods is also relatively small.

On the other hand, the differences in capital requirements
for investments are considerable. In the case of manual
production systems, investments are almost exclusively for
land clearance., By comparison, investments in systems using
animal power are five times as high, in semi-mechanised
production seven times and in fully mechanised cultivation
more than twenty times as high. Where mechanical land clear-
ance is practised, a substantial part of the investments

are for land development.

Because there is a difference of over 40 % in paddy price
between domestic and world markets, there are very clear
differences in the macro-economic benefits. With one ex-
ception”, however, they are always higher than total costs,
even if in the calculation at domestic prices opportunity
costs for unskilled labour are used that are above the level
of wages (as illustrated in Table 3.2).

Assuming higher opportunity costs for labour, the total
costs per hectare rise by 30 % in the mechanised systems,
by 40 % in manual labour systems with mineral fertiliser
application and by 70 % in traditional farming. The invest-
ments rise by BO % in manual labour systems, by 20-25 % in
the case of animal traction and by 10 % in semi- and fully
mechanised production,

1) Because of the low yields, ox-team cultivation in the
central region leads to losses in the first few years.



Table 3,2: Investments, costs and benefits in rainfed rice production in Ivory Coast on the basis of domestic

Centran Region Hesterpn Region
Ox~team Semi-~ tradi- Hand Ox-team Semi- Fully
cultivation mechanised tional cultivation cultivation mechanised mechanised
cultivatign Cultivation with cultivation cultivation

mineral
fertiliser
Investments (FCFA/ha) 70,100 227,700 24,000 24,000 85,3800 243,600 303,300 ,
——I=>tments

- of which land

development 27,300 151,300 24,000 24,000 42,700 166,200 166,200 gg
]
Total costs (FCFA/ha) 103,100 98.300 66,100 103,100 105,200 105,900 86,500
—=c_ Costs
= of which unskilled
labour 50,000 48,000 60,000 68,000 54,400 56,000 16,000

Benefits (FCFA/ha)

- at the beginning
of development 97,500 117,000 104,000 130,000 130,000 130,000 130,000

= at full
developnent 130,000 149,500 104,000 130,000 162,500

162,500

Source: Compiled by the author,
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In a cost-benefit analysis, however, it is not possible

to consider rainfed rice as an isolated activity, since
for crop sanitary reasons it cannot be grown, like wet
rice, as a monocrop. Accordingly the whole rotation has to
be included in the analysis, The result thus depends on
the profitability of other crops also, and is not derived
from rice alone').

As could be expected, rainfed rice production is more pro-
fitable on the basis of domestic prices than if accounting
prices were used (see Table 3.3), because of the price dif-
ferences for paddy.

A comparison of production methods on the basis of domestic
market prices shows that traditiona) and improved manual
rainfed rice cultivation represent Veéry good alternatives
from the macro-economic point of view2 . Of the mechanised
methods, ox-team cultivation produces the best result, al-
though it is very sensitive to fluctuations in rice yields,
Even the semi-mechanised cultivation methods still have an
internal rate of return that could be assumed to be higher
than the opportunity costs of capital in Ivory Coast (cf,
LINN 1977),

The differences between the production methods become smal-
ler if world market prices are used in the analysis, Semi-
mechanised cultivation in the central region becomes more
profitable because of the favourable accounting prices of
yam and cotton. A1} production techniques are highly sensi-

1) For this reason, ox-team cultivation in the central re-
gion and fully mechanised production in the Western Re-
gion are ignored, since the result is inflyenced princi-
pally by other crops or farm enterprises,

2) Since practically no capital investments are required
in the hand cultivation systems, it is doubtful whether
criteria of financial analysis should pe applied., This
approach has nevertheless been chosen since comparisons
would not otherwise be possible,



Table 3.3: Internal rate of return of rainfed rice production in Ivory Coast on the basis of domestic market prices (D)
and world market prices (W) 1974/75 (%)

Central Region Western Region
Semi-mechanised Traditional Hand cultivation with mineral Ox-team Semi-mechanise
cultivation @ cultivationb) fertiliser application cultivationd) cultivation®
non-intensiveb) intensiveC)
(D) (W) (D) (W) (D) (W) (D) (W) (D) (W) (D) (W)
Internal rate of
return 18.0 171 - - - - - - 53.5 141 22.4 10.0
Internal rate of '
return with a -
change o b=
- investments by + 10% 15.6 13.9 47.3 11.0 19.3 7.7 '
- running costs by + 10z 11.9 8.8 - - - 66.8 - - 33.7 3.9 17.3 4.4
~ costs of unskilled
labour by + 10% 13.2 13.8 - - - - - - 44 .2 5.3 20,2 7.7
- rice yields by - 103 141 11.8 - - - 55.1 - 80.1 33.6 3.8 16.1 3.2
- yields of the other
crops by - 10% 13.6 11.1 - - - - - - 44,0 9.6 20.8 8.1
- rice yields by + 10% 22.4 22.3 - - - - - - 90.1 26.2 29.9 16.7
- yields of the other
crops by + 10% 22.9 23.7 - - - - - - 64.9 19.0 24 .1 11.9
a) rotation yam - rice - maize/cotton - rice; 120 ha per tractor. d) rotation rice - maize/cotton - rice/Stxlosanthe -
b) 3-years land use (rice - groundnuts/cassava), 5 years-fallow. Stylosanthes, 6 ha per ox-team,
€) 3-years land use (rice ~ rice - cassava), 5 years-fallow. e) rotation rice - rice - maize/maize, 120 ha per tractor.

f) An internal rate of return cannot be calculated, if the
Source: Compiled by the author, benefits exceed the costs in the initial phase (-),



tion methods, and assuming an increase of 20 %, a positive
internal rate of return can no Tonger be achieved,

hand cultivation methods remain economically superior to
mechanisation (see Table 3.4), but they are very sensitive
to a change in costs and rice yields, In the central region,
because of the labour intensive crops (yam, cotton) in the
rotation, a positive result can only be achieved with semi-
mechanised cultivation if higher yields can be attained.
Because of the increase in the oOpportunity costs of labour,
the internal rate of return of rainfed rice production

using animal power drops drastically from 53 % to 4 %, and
it thus coerresponds to that of semi-mechanised cultivation,

vation are macro-economically superior to mechanised rain-
fed rice production1 . Only if rice yields of aboyt 30 dt/
ha could be achieved in mechanised cultivation, would these
techniques be competitive. If, on the other hand, a yield
level of over 29 dt/ha cannot be attained from mechanised
cropping in the long term, there is no lTonger any positive
internal rate of return if rice occupies over 50 3 of the
area in the rotation. If the world market price of rice
decreases to below 250 US $ per tonne, rainfed rice produc-
tion is no longer profitable from the Macro-economic point
of view, regardless of the production method,

-_

1) The destruction of forests by shifting cultivation has
been ignored in the analysis, If opportunity costs for
the destruction of forests are below 50,000 FCFA/ha,
the hand Cultivation methods are stil] economically
Superior to mechanised production,



Table 3.4: Internal rate of return in rainfed rice production in Ivory Coast on the basis of domestic market prices

and opportunity costs of Tabour of 400 FCFA/ME-day (%)

Central Region

Semi-mechanised
cultivation @

Hestern R egion

Semi-mechanise
cultivationd

Ox~team

Hand cultivation with mineral )
cultivation?

fertiliser 3pp1ication
non-intensivea intensived

Traditional
cultivationa)

Internal rate of
return *

Internal rate of -

return with a

change o
- investments by + 10% *
- running costs by + 10% *
= costs of unskilled

labour by + 103 *
- rice yields by - 10% *
= yields of the other

crops by - 10% *
- rice yields by + 10% 3.1
~ yields of the other

crops by + 103 2.2

- 23.1 - 4.1 4.5
- 3.6 3.7

19.1 * - * *
27.1 * - * 1.3
6.9 * B8 * *
- * - * 2.5
- - - 14.2 11.8
- 63.3 - 8.1 6.4

a) for cropping techniques see Table 3.3

b) An internal rate of return cannot be calculated, if benefits exceed costs in the initia] phase (-) or if the sum of the
undiscounted differences between benefits and costs becomes negative (*).

Source: Compiled by the author,

- 261
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3.22 Evaluation of rainfed rice production with regard
to socio-economic targets

In addition to the profitability of development activities,
there are a series of other macro-economic criteria whose
relative importance deeends on the objectives of the poli-
tical decision makers ’. Basic criteria that are often em-
ployed in the evaluation are the impact of development pro-
jects on the balance of payments, regional and personal in-
come distribution, effects on the employment situation, on
the income use (capital formation) and on the State budget
(fiscality),

If a cost-benefit analysis is carried out with accounting
prices on the basis of world market prices, the effects

on the balance of payments are considered endogenously,
i.e. if the interna] rate of return is greater than zero,
the effect of a project on the balance of payments is posi-~
tive. This applies to all production methods analysed, ex-
cept when in mechanised rice cultivation a yield level of
25 dt/ha cannot be achieved in the long term,

There are no differences between the production methods
with regard to the talance of regional development, but
there are differences in respect of income distribution,

If we compare the capital requirements for investments in
mechanised and in hand cultivation systems, and i’ we con-
sider the costs of extension services, that are particular-
ly high in the initial phase, it becomes obvious that it
would not be possible for small farmers to shift to mecha-
nised farming if the State did not subsidise at least part
of the capital requirements, Since not all farmers can par-
ticipate in mechanised projects, income distribution prob-
lems appear, where the family farm income in the mechanised

1) Frequently a greater weight is put on profitability (in-
ternal rate of return, net present worth) than on other
criteria of evaluation,
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holdings is higher than in traditional agriculture1). At
the same time, a burden is put on the national budget if
direct income and land taxes are not levied, since the in-
direct taxes on purchased inputs, seryices and products are
usually lower than subsidies for land develcpment and some -
times for machinery and implements. Where material inputs
are either not subsidised at all, or only to a very small
extent, as for example in Ivory Coast, there are clear ad-
vantages regarding the fiscality in introducing bio-techni-
cal advances compared with innovations connected with machine
technology. Moreover, a larger number of farmers can be
reached,

The effects on emoloyment can scarcely be assessed from the
labour requirements of the individual production methods be-
cause upland rice is always included in a rotation with
other croos and cannot be considered as an isolated activi-
ty. Labour intensity automatically declines as the degree of
mechanisation increases, but the repercussions on employment
are dependent on the structure of the farn organisationz).
The employment effects of mechanisation are pasitive, as can
be observed in the central region, particularly if the cul-
tivated area can bpe enlarged in smallscale holdings by re-
ducing labour peaks. Consequently, the effects of sechanisa-
tion on employment are very much influenred by the natural
conditions of the region,

1) In the case Study of the western region, this is not so,
but it does apply, e.g., to the central region of Ivory
Coast (BONNEFOND 1971, MINISTERE DE LA RECHERCHE SCIEN-
TIFIQUE/GERDAT 1977, Vol. 2).

2) However, fully mechanised cultivation jleads in all cases
to a reduction in employment,
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3.3 A Comparative Analysis of Irrigated and Rainfed Rice
Production from the Macro-econuamic Point of View

A surprising phenomenon in the rainforest zone of West
Africa is the fact that valley bottoms are scarcely culti-
vated, even where high population densities are to be found
(DOZOW 1974, KARR et al. 1972, LAGEMANN 1977), Nevertheless,
in almost all the coun*ries of this region the expansion of
wet rice cultivation is a priority in agricultural develop-
ment policy (WARDA 1974a). This is mainly due to the follow-
ing reasons:
- Suitable technology from Asia is already available (new
varieties with high yield potential, chemical inputs, hand
and mechanised production techniques, etc.), and this

technology can be adopted in Africa without any further
expensive research efforts.

- Compared with rainfed rice, wet rice production is sub-
ject to far lower fluctuations of yield. By developing
irrigated rice cultivation, production can be stabilised
on a national level, and the supply of rice to the popu-
lation can be ensured in the long term.

- In contrast to permanent upland farming, irrigation farm-
ing involves far fewer problems in respect of maintaining
soil fertility, particularly in the humid tropics.

By means of an additional analysis of the various forms of
irrigated rice production, the following examines to what
extent the development of wet rice cultivation in Ivory
Coast represents an appropriate alternative to rainfed rice
cultivation at the national level,

5,31 Ecological problems

It is not the author's intention to carry out an economic
analysis of the changes in rural eco-systems as a result of
the development of the various forms of rice productioni),
but simply to discuss some relevant problems.

—_—
1) See page 156
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Upland rice production in shifting cultivation systems re-
quires a great deal of land, and can only be maintained
where there is a relatively 1ow population density (GREEN-
LAND 1975, pP. 5; UHLIG 1975, pp. 375 et seq.). Population
growth and increasing production of cash crops lead to the
eéxpansion of the cultivated area and accordingly a shorten-
ing of the fallow period, The impact of this kind of devel-
opment on the ecology of a region is well-known. The forest,
to a certain degree necessary for the maintenance of the
ecological equilibrium, jg reduced and the production po-
tential of the region declines if the necessary measures

to preserve soil fertility are not taken (AUBREVILLE 1949,
Pp. 309 et seq.). Farming systems “tend to drift into a
Tow-output Steady state, Extended areas of the tropics show
that this mechanism is a most powerful one, the more power-
ful the warmer and more humid the climate" (RUTHENBERG
1976b, p. 50)1),

Studies in, for example, Ivory Coast (SODEFOR 1975) reveal
that during the period 1956 to 1966 about 280,000 ha of
“forét dense" were annually converted into a "forst dégra-
d‘ee"2 - From 1966 to 1974 this figure rose to 440,000 he.
Other factors are certainly involved in this development,
but the expansion of upland rice production has a consider-

Footnote 1 from p. 155;

) Any attempt to do so would certainly go beyond the Timits
of this study. On the economics of eco-systems see BARLOWE
1958, CIRIACY-WANTRUP 1968, KRUTILLA/FISTHER 1975, SMITH
1972 and WHITE 1976.

In farming systems in which cultivation methods are prac-
tised which lead to soil deterioration angd erosion, an
exhaustible natural stock resource is removed, and it
seems doubtful in g case like this whether decisions
should be based primarily op economic considerations,

1) See also LAGEMANN 1977,

2) The term “forgt dense"” jg applied to a forest that:
a) has a stand of trees of more than 10 m in height on
at least 10 % of its area, and
b) the trees thus defined are homogeneous over an area
of at least 100 ha,
If b) does not apply, the term “for8t degradse® is used,
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able influence especially in the traditional cropping areas
(JORDAN 1964, MOHR 1969)., MOUTON (1959, p. 31) has examined
this phenomenon in the western region of Ivory Coast and
observes: "La for&t disparat lentement faute de régénera-
tion convenable, les pluies favorables a l'agriculture di-
minuent, la saison séche s'accentue en intensité et en
durée,.,, ",

There are basically three ways in which this type of devel-
opment can be avoided: the transition to permanent upland
cultivation, to irrigation farming or to the increased cul-
tivation of perennial crops. The combination of land use
for agriculture and forestry would be another possibility,
but till now no appropriate farming systems of this type
are available. With regard to the land-man ratio, irriga-
tion farming is superior to rainfed cultivation, But, as
the case study in the western region illustrates, tihe land
requirements per unit of labour clearly drop if part of
the farm area is used for permanent arable cultivationi).

As cropping intensity in upland farming increases, the prob-
lems involved in maintaining the yield potential of the

soil also increase, The more humid and warmer the climate
and the poorer the soil quality, the greater the problems
involved (see LAGEMANN 1977, GREENLAND/HERRERA no year),
Particularly when permanent mechanised cropping is ,ractised,
frequently not all conditions are met that would prevent a
decrease in soil fertility and erosion (LANG 1976, p. 231),
and in the long term this means that the success of mecha-
nised farming systems is endangered. The reasons for this
may be partly technical difficulties (GREENLAND/HERRERA no
year, p. 22), but socio-economic factors also play a deci-
sive role, as JANZEN (1973, p. 1212) explains: "It is widely
believed in temperate zone countries that tropical countries

1) In the semi-mechanised holdings, the land-man-ratio is
on average 2.3 ha/ME and significantly lower than in
traditional holdings (3.8 ha/ME),
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disregard the rules of sustained-yield agro-eco-systems

out of ignorance. This condescending evaluation is some-
times correct for certain aspects of the decision-making
Process. However, there are many more situations in which

a key manager is deliberately maximising short-term returns
at the expense of long-tern returns, " This behaviour is not
uncommon in smallscale farms,

In contrast with Africa, irrigated rice cultivation in many
Parts of Asia has made @ contribution towards preventing

or at least mitigating negative effects of this kind on the
€Co-system (CASTILLOQ 1975, WHYTE 1976, WILHELMY 1975), In
those regions where the yield potential was reduced by soil-
exhausting cultivation to such an extent that rainfed farm-
ing could no longer adequately support the population, in-
tensive irrigation farming has developed and so-called
“Kulturlandschaften" (cultural landscapes) have been creat-
ed (UHLIG 1975). In Asia irrigated rice has been cultivated
for centuries, sometimes 4s a monocrop, and grown several
times a year without any noticeable decline in soil ferti-
lity, or without soil erosion being an important problem
(ANDREAE 1971, p. 207). In comparison to the intensively
Cultivated valley bottoms, non-intensive land use or even
bush or forest vegetation is found on the slopes (RUTHEN-
BERG 1976a, p, 171).

3.32 Cost-benefit analysis of wet rice production

As Table 3.5 111ustrates, investments in irrigated rice
production are much higher than in rainfed cultivation,
Dams, land development and construction of irrigation net-
WOorks account fcr the major part of these investments, In
traditional swamp rice cultivation, where no water control
is practised, the labour input for land clearance and pre-
paration of the plots ijs 350-400 ME-days/ha, and no further
investment is required, If small dams are built, so that the



Table 3.5: Investments, costs and benefits of wet rice Production in Ivory Coast on the basis of domestic market prices D)
and world market prices (W) 1974775 (FCFA/ha per production period)

Traditional Swamp rice culti- Irrigated rice cultivation with complete water control
swamp rice a) vation with par- b) Hand cultivation Single-axle trictor and land development
cultivation tial water cantrol method ¢) by hand d mechanised €
(D) (W) (D) () (D) (W) (0) (W) (D) (W)
Investments (FCFA/ha) 84,200 104,600 243,700 202,300 632,500 526,000 671,000 561,300 1,036,000 864,200
- Dam and main canals - - - - 360,000 298,800 360,000 292,800 360,000 298,800
- Land development and
irrigation network 84,200 104,600 230,200 191,130 255,000 211,700 256,000 211,700 620,000 514,600
~ machioery and byild-
ings - - 7,000 5,800 11,000 10,100 48,000 44,200 48,000 44,200
- overheads - - 6,500 5,400 6,500 5,400 6,000 6,600 8,000 6,600
Costs (FCFA/ha) 59,100 71,400 149,300 151,400 152,800 154,900 150,800 143,400 150,800 143,400
= material inputs 4,100 2,900 35,900 27,900 35,900 27,900 35,900 27,900 35,900 27,900 '
- machinery and build- —_
ings f) - - 700 600 1,100 800 14,700 10,100 14,700 10,100 w
= unskilled labour 52,800 65,800 58,300 72,600 59,400 74,000 39,600 49,390 36,600 49,300 w
- extension, admin- '
istration - - 48,900 46,000 48,900 46,000 52,100 49,000 52,100 49,000

- maintenance of
irrigation network
and infrastrycture 2,200 2,700 5,500 4,600 7,500 6,200 8,500 7,100 8,500 7,100

Benefigé (FCFA/ha)

= at the beginning .

of developuent 130,000 90,000 195,000 135,000 195,000 135,000 195,000 135,000 195,000 135,000
- at full development 130,000 90,000 260,000 180,000 292,500 202,500 325,000 225,000 325,000 225,000
e T
a) One harvest per year, yields remain constant,
b) After 5 years with 1.5 haryests Per year, yields rise after 5 years from 3.0 to 3.5 and after 10 years to 4.0 t/ha.
¢) Number of harvests rises from 1.0 to 2.0 in 5 years, yields rise in 5 years from 3.0 to 4.0, in 5 more years to 4.5 t/ha.
d} Hand cultivation in the first 5 years, number of narvests rises from 1.0 to 2.0 per year, yields from 3.0 to 4.0 */ha;

from year 6 cropping with single-axle tractors (20 ha/tractor), yields rise in § years to 4.5, after 5 more years to 5.0 dt/ha,
e) Use of single-axle tractors from year 1, after 2 years 2.0 harvests per yedr, yields rise continuously from 3.0 to 5.0 t/ha

f) Averages. The Tabour input is higher at the beginning of development and decreases during the first 1g years,
Sou[gsz Compited by the duther hased gn SQDER!Z, Rapport annuesi 1974 and 1475, SODER:Z 1974,
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water flow can be controlled to a certain extent, the in-
vestments come tg about 250,000 FCFA/ha, i.e, about the
same amount as the total capital investment in semi-mecha-
nised and fully mechanised upland rice cultivation, If the
aim is to have Water available al) the year round as well
45 a complete control of it, i.e. if water storage is ne-
cessary, the investments rise to 0,6-0,7 million FCFA/ha,
if land development js carried out largely by hand, and tg
0.9-1.1 million FCFA/ha, if it is carried out mechanically,
These figures are usually higher in the humid savanna than

ration,

As in the case of rainfed rice Production, the total costs
of about 150,000 FCFA/ha vary only slightly between the in-
dividual methods, with the exception of traditional swamp
rice cultivation, Unskilled laboyr accounts for the largest
Part of the total costs (25-90 ¢ according to the degree

of mechanisation), The Costs of extension WOrk are about
50,000 FCFA/ha, and ty. to five times as high as for rainfed
rice cultivation, because irrigation farming is new to most
of the farmers, Consequent]y. very intensive extension work
is necessary, at least at the beginning of development.

a yield level of 30 dt/ha is assumed at the beginning of
irrigation; this level then rises in the course of develop-
ment to 40 dt/ha in swamp rice cropping with partial water
control, to 45 dt/ha in irrigated rice cultivation by hand
and to 50 dt/ha when single-axle tractors are used for land
preparation1 « In traditional farming, there is only one
1) The incré;;; in yields is due to inproved technical .

knowledge and skills on the part of the farmers and to
advances in plant breeding,
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harvest per year; with partial control of irrigation water

there is an average of 1.5 harvests per year and with com-

plege water control a land use intensity of 200 % is achiev-
1

ed /.

When the running costs of all production methods are valued
at domestic market prices, they are lower than total bene-
fits., But on the basis of world market prices costs exceed
benefits in the initial phase, with the exception of tradi-
tional swamp rice production. By increasing both cropping
intensity and yields, positive net benefits are achieved
after about 5 years,

If the opportunity costs of labour are assumed to be 400
FCFA/ME-day, investments and running costs of traditional
swamp rice production increase by approximately 80 %, and

by 20-30 % for the other irrigated rice cultivation methods
(see Table 3.6). The costs of unskilled labour as a propor-
tion of the total costs are thus virtually unchanged in tra-
ditional wet rice cultivation, but rise from about 40 % to
50 % in the case of manual methods with water control, and
from 20-30 % to 40 % when single-axle tractors are used.
Thus the total costs in the initial phase of the hand culti-
vation methods with water control are slightly higher than
the benefits.

The running costs of irrigated rice production are about
twice as high as in rainfed rice cultivation, the main
reason being the higher input of labour and other yield-
increasing production factors. In the initial phase, benefits
are 30-60 % higher than in rainfed cultivation, and 80-100 %
higher when irrigation is fully developed.,

As in the case of rainfed rice,traditional methods in wet
rice production are superior to the more intensive types of

t) It is assumed that, in contrast to upland rice produc-
tion, wet rice is cultivated as a monocrop.,



Table 3.6: Investments, costs and benefits of wet rice production in Ivory Coast on the basis of domestic market
prices 1974/75 and Opportunity costs of labour of 400 FCFA/ME-day

Traditional
SWanmp rice
cultivation

Investements (FCFA/ha)

- for land development and
construction of irrigation
network (excluding dams)

Costs (FCFA/ha)
- for unskilled labour

Benefits (FCFA/ha)

- at the beginning of
development

- at full development

152,600

152,500

104,100
96,000

130,000
130,000

Irrigation farming with complete water control

Swamp rice Manual methods Single-axle tractors and
cultivation land-development
with partial

water contro] by hand mechanised
328,000 796,100 £34,000 1,196,700
324,500 359,00 359,000 721,700 .
201,000 204,500 186,700 186,700 =
106,000 108,000 72,000 72,000 :
195,000 195,060 195,000 195,000
260,000 292,500 325,000 325,000

Source: Compiled by the author,
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cultivation from the macro-economic point of viewl) (see
Table 3.7). On the basis of domestic market prices, net
benefits diminish as cropping is intensified. On the other
hand, if world market prices are taken as the basis of cal-
culation, there are only slight differences between the
production methods with control of irrigation water, Because
of the differences of 45 % in paddy price, the internal rate
of return decreases from about 20-30 % to 10-15 g, This also
applies if higher opportunity costs of labour are assumed in
the analysis with domestic market prices. In this case too,
traditional swamp rice cultivation remains the most econo-
mically feasible method, whereas the differences between the
other cropping methods are only slight,

On the basis of domestic market prices in 1974/75, irrigated
rice proves to be macro-economically superior to rainfed
rice cultivation with similar production techniques. But on
the basis of world market prices, the difference between the
two systems becomes much less, and the advantage of wet rice
cultivation is no longer obvious.

1} Irrigated rice cultivation is highly profitable at the
farm level, because the majority of investments is pro-
vided by the Government, and the farmers do not have to
pay for irrigation water and extension services. In
Ivory Coast, the costs of material inputs (seeds, mine-
ral fertiliser and insecticides) come to 650 kg paddy per
hectare (42,250 FCFA/ha) according to the SODERIZ regu-
lations. Since there are no other variable costs apart
from those of hand implements and possibly wages for
hired labour, the gross margins per hectare are far hig-
her than those in rainfed rice production, even when
there is only one harvest a year, provided yields of more
than 30 dt/ha are obtained. If we assume a labour re-
quirement of 250-300 ME-days/ha with the hand cultivation
methods, this also applies to the return to labour if
the yield level is above 35 dt/ha, Under these conditions
the profitability of the intensified methods is higher
than that of traditional swamp rice production.



Table 3.7: Internal rate of return in wet rice

world market prices (W) 1974/75 (%)

Traditional
swamp rice
cultivation

(D) (W)
Internal rate of - 31.0
return (30.4) .

internal rate of
return with a

C ange o

- investments by
+10 %

- running costs by
+10 %

(23.1) 20.8

= costs of unskilled

labour by +10 (23.5) 21.4
~ rice yields by -

-10 % (17.a) 12.8
- rice yields by -

+10 % (47.5) 58.4

a) Figures in brackets with opportunity costs for unskilled labour of 400 FCFA,
b) An internal rate of return cannot be calcula

Source: Compiled by the author.

Western

Swamp rice Irrigated rice cultivation with complete
cultivation water controj

with par- Hand Single-axle tractor and land
tial water cultivation development
control by hand mechanised

() W) () (W (0) (W)

30.9

42.8 31.0
(17.5) 15.3 (17.3) 15.7 (18.5) 16.7

39.4 28.7 22.5
(16.3) 14-2 (j5°g) 14.2 (17.1) 15.3
35.0 27.8 27.7
(13.9) 10.3 (§5°7) 12.5 (16.3) 13-6
39.4 29.6 -

(16.0) 13-1 (353) 14.3 (17.7) 15.5

31.7 25.4 25.3
(11.5) 6.3 (12.8) 9.0 (14.2) 10.3

56.5 36.8 36.6
(23.8) 24.8 (21.7) 22.2 (22.7) 22.9

production in Ivory Coast on the basis of domestic prices (b)a) and

Region

(D) (W)

Centrail pe gion
Irrigated rice cultivation
with complete water control

Small Dams Large Dams

(D) (W) (D) (W)

ted, if benefits exceed costs i

24.3
(16.2) '3-6

22.3
(14.9) 12.1

22.0
(13.4) 11.2

23.5
(15.6) 12.8

19.8
(12.3)

28.8
(20.9) 19-0

8.0

/ME-day .
n the initial phase (-).

30.7 21.5

(17.5) 156 (p3) 10.7
(1a3) 12 RISEEE.
(fgfg) 12.4 (;gﬁes) 8.3
(fgfg) 14.2 (f?f;) 3.6
(o) &9 (76 s
(g?:g) 22.0 (fg:g) 15.6

- %9 -
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The sensitivity analysis shows that, in amounts of invest-
ment, the profitability of wet rice cultivation is only
slightly affected by a change of initial investment costs,
and the fluctuations are even smaller than in the case of
rainfed rice production, This also applies to the change in
the labour input and the costs of unskilled labour. On the
other hand, there is a very high sensitivity to changes in
rice yields and paddy prices.

The relative advantage of one form of cultivation is affect-
ed decisively by the relation between the price of rice and
the opportunity costs of Tahour. The lower the paddy price,
or the higher the opportunity costs of Tabour, the higher

is the profitability of rainfed rice production compared to
wet rice ‘., Various factors, particularly advances in plant
breeding, could lead to a reduction of the differences in
the profitability between the two types of cultivation in the
Tong term, At present, high-yielding varieties with average
yields of 40-50 dt/ha and harvest are predominantly grown

in wet rice cultivation in smallscale holdings. If average
yields of 30-35 dt/ha could be achieved in non-irrigated
rice cropping by using improved varieties, rainfed rice
production would be the more economic alternative, if the
yield level of irrigated rice remained unchanged,

3.33 Evaluation of wet rice production with regard to
indirect effects

Two significant indirect effects result from the development
of irrigation farming: the increasing spread of diseases like
bilharzia and malaria, as indirect costs, and the reduction
of the risk of flooding and the stabilization of production

1} This only applies, however, if the opportunity costs of
land are low. Once land becomes scarce, the competitiye-
ness of wet rice will rise ceteris paribus,
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as indirect benefits, These effects are, however, difficult
to qQuantify, and their impact on project selection cannot
be generalised, but has to be examined in each individual
case.

Payments of the country,

With regard to income distribution. it can be assumed, that
disparities due to irrigation farming are éven greater than
in mechaniseq rainfed rice producticn, since Government syb-
sidies per unit of area are mych higher, and additiona]]y
higher incomes can also be achieved with intensive cultiva-
tion1). An advantage, on the other hand, is the removal cof
regional imbalances. |n Ivory Coast there are considerable
differences in the stage of development between the savanna

the savanna Zone., Het rice cultivation gives farmers the
chance to attain incomes that roughly equal those from coffee
and cocoa Production in the south of the country, As in the
case of perenniaj c€rops, irrigation farming provides an op-
Portunity for small-holders tg invest savings or family 1a-
bour in the construction of irrigation wWorks, and thuys to
contribute to macro-economic capital formation through the
development of their own holdings,

But it must pe assumed that in the inital phase of develop-
ment a high proportion of the necessary investments, as well

—_—

1) This is also confirmed by the fact that irrigated areas,
especially in the vicinity of towns, are often owned by
people who are not farmers (officia]s. business men, etc,),
and this Jand is Cuitivated almost exclusively by hired
labour, |In some cases shareholder Systems have developed,
although this is not permitted by the SODER]Z regulations,
Somethingcouldbe done about these developments if, for
example, land taxes, a water price, etc., were levied in
order to tax away the additional benefits of irrigated
land (see DOPPLER 1977).
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as the running costs of extension, that are very high at
this stage, have to be borne by the Government. The capital
investment per hectare is much higher than in the case of
rainfed rice cultivation, i.e. the burden on the budget is
greater, But if the necessary subsidies are related to a
holding and not to a unit of area, the differences between
irrigated and non-irrigated rice cropping are less, since
the area required to fully employ one 'nit of labour is
smaller,

The effects on employment are positive in two respects,
Irrigation farming is highly lTabour-intensive: the labour
requirement for manual cropping methods is 230-290 ME-days/
ha, If it js possible to control ang store irrigation water,
the field work can be spread relatively evenly over the
year. In rainfed rice cultivation, this is possible only to
a very limited extent, since the time of planting can be
varied slightly,
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4, Considerations 0n_an Appropriate Strate for
Increasing Rice Production in West Africa

In many Parts of the world, and Particularly ip Asia, irrj-
gated rice cultivation constitutes the basis of life of the
Population, ang forms the foundation for social development,
If the target of country is to guarantee the supply of
rice in the long term from domestic Production, then wet
rice is certainly to pe preferred - jp Africa too, even

rainfed rice production fryp the Macro-economic point of
view.!rrigated rice is advantageous ip respect of both the
profitable utilisation of scarce resources or of economic
growth, angd also in relation to other targets of the natio-
nal economy, Nevertheless, when considering whether rice
Production shouid be increaseq by Promoting either rainfed

Ir wet rice cropping, it ig nct possible to decide in general
and exclusively in favour of irrigated types of farming,

If we want tg know the general conditions under which pre-
ference s to be given to one type of cropping, the problem
is relatively simple as fap as the natural conditions are
concerned, Wet rice is always to be preferred where upland
rice produces only relatively low yields with , high yield
uncertainty because of en unfavourable rainfall distribution.
But there is no alternatijve to wet rice in regions where rice

native in locations With favourable Natural production con-
ditions, and where land js available wet rice Cultivation
is Scarcely found in the humid regions of Hest Africa. Even
in regions with high population densities, valley bottoms
are only occasionally Cultivated (KARR et al, 1972, LAGEMANN
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1977, pp. 117 et seq.). Even where {1t is highly profitable

to produce, a number of problems militate against the rapid

expansion in wet rice cultivation at the farm level, parti-

cularly in those regions where upland rice constitutes the

basis of life of the population:

- The soils in valley bottoms in HWest Africa are frequently
shallow and only moderately fertile, with the result that

yields decline after Jjust a few years unless fertiliser
is applied (FAD 1971, p. 18).

- People avoid the humid valley bottoms for health reascns
(bilharzia, malaria, etc.) (USAID 1968, p. 12).

- For many tribes, rice cropping in valley bottoms is typi-
cal female work that is refused by men (MOHR 1969, p. 91),

- Land clearance and laying out the rice fields require a
high labour input an+ are physically very demanding acti-
vities.

- Work on irrigated land (land preparation and transplanting)
is mostly considered to be much more strenuous and unpleas-
ant than the work of upland farming.

- Varieties of rice recommended for irrigated cultivation
often differ in taste from the varieties previously grown,
and they are rejected for this reason.

- Cash income can be obtained with less effort from culti-
vating perennial crops like coffee, cocoa, o0il palms or
hevea,

In many parts of West Africa irrigaiton farming is, there-
fore, a totally new method of land use whose expansion de-~
mands, moreover, a high level of capital investment in land
development and the construction of irrigation works. I[f it
is assumed that traditionally operating farmers cannot raise
the capital required for investment, and cannot bear the
costs of extension that are high in the initial phase, sub-
sidies have to be provided by the Government, which invelye

a much higher consequential burden on the budget than rain-
fed rice production, Since budget funds are lTimited, only

a small number of farmers can be reached via irrigation pro-
jects. Moreover, these farmers sometimes enjoy considerably
increasing incomes through irrigation farming and, unless ad-
ditional incomes are skimed off in the form of taxes or water
charges, this can lead to an undesirable distribution of in-
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come. As cropoing is intensified, particularly through
mechanisation, the above applies also to upland rice pro-
duction, although to a much smaller extant,

In this context another factor should be mentioned, namely
that the establishment of larger irrigation projects some-
times involves the settlement or resettlement of a large
number of people, especially in West Africa where population
densities are usually low, and this presents additional
problems and demands considerable investment in the infra-
structure.

For the reasons stated, rice production can only be increas-
ed slowly by expansion in irrigated rice cv'tivation. If the
target is a short-term increase in producti.n, it can be
achieved more easily by Promoting rainfed rice cropping, As
the economic analysis shows, a profitable alternative from
the macro-economic point of view is the intensification of
traditional farming by introducing technical innovations,
e.g9. improved seed and mineral fertiliser. |In those regions
where upland rice is traditionally produced in smallholdings,
it is, however, almost exclusively grown for subsistence,
and is scarcely of any importance as a cash cron, Thus price
policy measures are - at least in the shovt term - not an
effective method for increasing rice production,

Moreover, the expansion of the cultivated area in bush fal-
Tow systems creates an increasing distortion to the eco-
System, because the forest is destroyed. These negative ef-
fects on the environment can be remedied if shifting culti-
vation is replaced by forms of permanent upland farming. In
the long term, the main problems of permanent arable culti-
vation are the maintenance of soil fertility and the protec-
tion of soilz against erosion. In practice the measures ne-
cessary to maintain the yield potential are frequently not
taken or not adhered to by the farmers, with the concomitant
danger that the existing preoduction potential of a region

is rapidly exhausted, In contrast these problems are much
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less serious and can be solved more easily in irrigation
farming,

If land becomes scarce in the course of development, the
opportunity costs of land have to be taken into account.
This means that rainfed rice cropping on non-hydromorphic
soils incurs rising opportinity costs for land, whereas
there is scarcely any alternative use for the wet valley
bottoms apart from the cultivation of rice, i.e. the oppor-
tunity costs are virtually nil,

As yet this situation is found only rarely and confined to
particular regions in West Africa. Labour and capital are
usually the limiting production factors, But in the case of
mechanised rainfed farming, land can also be a constraint,
because only some areas are suitable for mechanised crop-
ping, according to the texture and depth of the soil or the
topography. Therefore, the potential availability of land
for mechanised farming in a region may be sometimes small.
Consequently, the opportunity costs of land are rapidly in-
creasing as the mechanically cultivated area is extended,

If we bear in mind the target of selr-sufficiency, upland
farming in the humid regions will remain an important form of
land use in addition to perennial crops in the foreseeable
future, or will possibly even gain in importance. Because of the
given climatic conditions in West Africa, upland rice is a
suitable crop for arable farming irrespective of the crop-
ping technique followed. It has to be examined whether up-
land rice is just as profitable as other arable crops from
the macro-economic point of view as it is at the farm

level. The stronger competition for the scarce resources

will arise from perennial rather than from arable crops,
although the competitiveness of the former does decline as
the Tength and intensity of the dry season increases. If we
take into account the sharp fluctuations in price of these
€rops on the world market which is also true for rice, it

is virtually impossible tc draw confident long-term conclu-
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sions about the relative economic advantage of pProducing
any one crop,

For the reasons given, it is not 1dvisable in West Africa,
at least in those countries where part of the area lies
Within the zgpnes of tropical rainforest and Guinea Savanna

to increase rice production exclusively by means of develop-
ing wet rice cultivation, as Was sometimes the case in the
"ast. As an alternative, more weight should be given in fy-
ture to the development of rainfed rice production.
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5. Summary

In many West African countries, rice is an important staple
food, and in recent years it has gained considerably in im-
portance because in most countries production has lagged
pbehind the constantly growing demand. A priority target of
the agricultural development policy of these countries is
therefore the reduction of rice imports by increasing domes-~
tic production. In the past the efforts to increase rice
production involved almost exclusively the development of
irrigated rice cultivation, even in those regions with fa-
vourable natural conditions for rainfed rice production,

The present study investigates to what extent the development
of rainfed rice cropping with differing Jlevels of mechanisa-
tion represents a suitable and economically feasible alter-
native for increasing rice production in West Africa.

At the farm level, mechanised production methods prove to

be economically superior to traditional upland rice cultiva-
tion. The reason for this is not so much the return to land
as that to labour, which usually constitutes the limiting
production factor in smallscale farms. This also applies
when, with mechanised land clearance, the investments in

land development have to be borne by the farmers. This, how-
ever, is usually not the case, ur at least a substantial

part of the investment costs is subsidised by the Government.
The use of animal power is economically inferior to semi-
mechanisation when the input of manual labour is much higher,
which is frequently the case in the initial phase when ox-
teams are introduced.

Compared with other arable crops, upland rice is very pro-
fitable irrespective of the level of mechanisation. Under
the price relations prevailing iu lvory Coast, this applies
even to those regions with less 7ivourabie climatic condi-
tions for rainfed rice production. In evaluating the profi-
tability of rainfed rice, a crucial role is played by the
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attitude of the farmers towards risk, because yield uncer-
tainty due to climate is much higher in the case of rice
than of other crops like yam, cotton or groundnuts,

Under favourable climatic conditions, jn other words with
increasing annual rainfall ang a decreasing number of dry
months, the Cultivation of perennial crops like coffee,
cocoa, 01} palms, etc., becomes more and more profitable
This applies Particularly with regard to cash income, which
is an important economic target in smallscale farms, where
most of the agricultura) production is consumed in the hoy-
sehold, A comparison of traditional ang semi-mechaniseq
holdings ip West Ivory Coast reveals that upland rice pro-
duces more than half the gross returns in both farming Sys-
tems, but ig of only secondary importance as . cash crop
compared with coffee. This observation is confirmed by the
results of linear Programming mode)s for the traditional
farms. On the other hand, the éxpansion of upland rice cul-
tivation and a reduction of the coffee area in the semi-me-
chanised farms would lead to an increase in net cash income
and improve the economic situation of the holdings, Because
of the differences in farm size, semi-mechanised farms have
on average a higher faprp income, farn family income and net
cash income. But if these figures are related to the Tabour
force or the cultivated area of the holdings, only small
differences exist between the two farming systems as regards
returns to lang and labour,

Fully mechanised rainfed rice production ijg scarcely found
in West Africa. Since upland rice has to be included in a
rotation for Crop sanitary reasons, the main problem with
this form of cropping is to find other production alterna-
tives that can be integrated into a highly mechanised farm-
ing system and carried on profitably, The profitability of
rice Production s affected decisively by the productivity
of the machines and the level of yields achieved,
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1y superior to mechanised cropping from a macro-economic
point of viey, However, the Possibility of increasing rice
production within traditional shifting cultivation is 1i-
nited. Moreover, any extension of the Cultivated area in
these farming systems leads to the destruction of forest
and, therefore, to an increasing disturbance of the eco-
system,

If wet rice production is considered as an alternative at
the national level, irrigated rice proves to be economically
superior to rainfed rice With the same leve] of mechanisa-
tion, as a cost-benefit analysis on the basis of unmodified
domestic market prices shows, This still applies when the
opportunity costs of unskilled labour are relatively high,
approximately double the wages of agricultural labour, A
cost-benefit analysis on the basis of world market prices,
on the other hand, reveals only slight differences between
the two types of rice production as far a8s returns to the
input of scarce resources are concerned, a fact that is to
be attributed basically to the distinct difference in the
price of paddy.

The advantage of wet rice applies not only with regard to
its profitability, byt also is apparent in respect of other
socio-economic objectives at the national level 1ike employ-
ment, the elimination of regional income disparities or the
éncouragement of capital formation,

In many parts of West Africa, irrigation farming constitutes
a completely new type of land use, the expansion of which,
moreover, requires a high level of investment in land de-
velopment and the construction of irrigation works, If we
assume that some of the capital investments and the running
Costs of extension have to be subsidised by the Government,
50 that farmers are enabled and encouraged to practise jr-
rigated rice production, a considerably higher burden is
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placed on the State budget than by rainfed rice cultivation,
Therefore an intensification of rivinfed rice cropping is
more appropriate if the target is the rapid increase of
production, since the capital requirement per tonne of rice
produced is lower in rainfed rice than in wet rice cultiva-
tion.

For these reasons, it is therefore not advisable to increase
rice production in West Africa exclusively by developing ir-
rigated rice cultivation, as often nappened in the past. As
an alternative to this strategy, greater emphasis should

be placed in future on the development of rainfed rice cul-
tivation,
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Appendix 1|

Rice Cultivation in West Africa by Reg

ion and Type of Farming

\ik;

e
»

TYEL U TAkmwg

- Permanent rice cultivation {(nearly as a monocrop)
Rice predominant

Rice as an important crop

Rice of secondary importance

Source: MOHR 1969, p. Y41,




Appendix Il: Important

Rice Varieties Grown in Rainfed Cultivation

in West Africa

T T T T i S e T
(days) period (ca) Co3clly losses vc(xgg)ht fertiliser  loging tolerance oryzae (dt/ha)

Anethoda Sierra Leone indica  130-140 low 99-123  high 2.12 soderate  moderate high moderate 30
Moroberakan Ivory Coast  indica 145 no 150 lovw very low 2.8-3.0 erderate  amoderate hlgh very high 40
ROKX 3 Sierra Leone 140145 low 103-139 2.73 soderate low high very high 29
Paté & .anc Ivory Coast  indica  130-135 no 130140 moderate soderate ooderate  moderats high high 35
LAC 23 Liveria 130-145 aoderate 35
05 6 Laire 120130 130 soderate soderate ko
63-83 Senegal indica  115-120 low 130 low moderate 3.34 modorate  moderate high high 35
Durado Precoce Brasilia indica 105 no 140 lov moderate 3.32 mderate high high moderate 40
Iguapé Cateto Brasilia indica 135 no 150 noderate moderate 3.30 soderate hlgh moderate high %
I Kong Pao Taiwan indica  110-140 no 85 very high  moderate 2.40 very good  very low  very low low 95
IR &2; Philippines  indica 125 no 119 very high  moderate 2,44 good viry low high low L]
IRAT 8 Ivory Coast  indica 130 no 140 low very low 2.80 modarate  moderats very high 45
IRAT 9 Ivory Coast  indica 175 no 85 high low 2.40 good very low very high 60
TRAT 10 Ivory Coast  indica 110 no 100 aoderate soderats 2.9 good very low high 55
IRAT 13 Ivory Coast  indica  125-1%0 115 aoderate naderate 4,40 good low high 50
SE 3026 Senegal indica 90-106 low 85 high hlgh 2.5 very good  very lov  moderate 50
SE 3196 Senegal indica 95 2oderate 85 . high high 2.40 good very low high very high 40
ROK 1 Sierra Leone indica  128-13% low 79-106 high 2.57 gocd very low high high 32
ROK 2 Sterra Leone  indica  128-135 low 83-108 2.89 soderate  moderate high high n
Source: Coapiled by the guthor from WARDA 1975b and 1975¢c, RCI/MINISTERL DE LA RECHERCHE SCIENTIFIQUE/IRAT, Fiches de varistas de riz, 1974

641
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Appendix 111: Maps of Ivory Coast

Map 1. Survey areas in Ivory Coast
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Vegetation zones {n Ivory Coast

Map 2
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Map 3: Isohyetes in Ivory Coast

@ Bouake J
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Trssesssay,

Source: RCI/MINISTERE DE L*'AGRICULTURE
de la zone de Rlolequin Zoukougbeu 1974, p. A-31.
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Varietijes with a vegetation Varietieg With 3 vegetation
period of 105-119 days Period of 130-135 days
Cultivation March to July Cultivation June to October

- very favourable region, very low yield uncertainty
m favourable region, loy to average yielg uncertainy
E marginal region, average to high yielq uncertainty
Very marginaj region, very high yield uncertainty

:} unsuitable region

Source: GIgou 1973, p, 874 at Sey.
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Map 5: Soil suitability for rice cultivation in Ivory Coast
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Source: COCHEME 1971,



APPENDIX 1v: Experiments With Permanent Upland Cultivation
—I=hviA IV
Conducted by IRAT in Ivory Coast

1959, to investigate whether iy is Possible to practise

followed by a pre]iminary crop (maize, S0ya) in the same
Year, Since 1970, the fo]]owing rotation has applied;

Ist year: rice (May-October)

2nd year: maijze (Apri]-du]y) / soya (August-December)
3rd year: rice (May-October)

4th year: maize (Apri]-du]y) / cotton (August-December)

Land Preparation (p]oughing, harrowing) and sowing are
carried nyt by tractor, pyt all other operationg by hand,
The level of minera] fertiliser application js re]atively
Tow: 40-g0 kg each of N, P205 and K20 Per hectare. A1) har-
vest residues except rice straw are Ploughed back into the

The eéxperiment ijs being carried oyt Without replication on
Plots of ¢,2 to 0.4 pa, Since the site is Practically level,
such smali areas dec not require any special measures to con-
trol erosion,

The annyal rainfall is on average 1730 mm and falls ip one
rainy seasop from March to October, with a maximum in fugust/
September {see Table IV/1). The temperature varies only
slightly and is on average 24.8°C gyer the year, The annual
hours of sunshine come to 1376, which js relatively low,
éspecially ip Ju]y/August, and thus reduces rjce yields,
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Table IV/1: Climatic data from the Agricultural Research Station
Man/Ivory Coast (averages 1553 - 1973)

HMonth Rainfall Evaporation Sunshine Temperature {°¢) Relative
(Piche)* humidity
(mm) (nu:) (h) Max. HMin, Aver- (%)
age
January 15,7 103.2 2ic.7 32.1 16.4 24.3 68
February 56,3 163.4 200, 33.1 19,0 25.9 63
March 114.0 89.1 194 .1 32.4 20.5 26.3 73
April 155.5 66. 165,3 31.4 20,9 26,0 78

Hay 160.6 61.
June 207.2 43,

9
0 169.7 30.7 21.0 2s.8 80
0 117.4 28.6 20.7 24.7 83
July 201.2 37.2 86.6 27.4 201 23.7 86
August 256.8 34.6 76.5 27.1 20.2 23.6 a7
September 31§.7 36.8 120.5 28.6 20,3 24,3 85
October 166.5 44,3 173.7 29.6 20.1 24.7 83
November 55.9 50.8 174.4 30.2 19.4 24.7 82
December 20.0 73.3 178.7 30.7 16.5 23.9 76
Year 1730.4 743.7 1875.7 30.2 19,7 24.8 79

*) inconplete

Source: RCI/MINISTERE D LA RECHERCHE SCIENTIFIUUE/IRAT, Division
d'Agronomie, Rapport aalytique, Fascicule I, 1974, pp. 7 et seq.

2. Permanent upland cultivation under semi-humid conditions

In 1960 an area with a gentle slope of about 10 ha was cul-
tivated at the agricultural research station Bouake. The
average slope is 1.5 tg 2 »y, but is as high as 6 2 in the
middle of the site, The soil belongs to the group of ferra-
litic soils and consists of sandy loam. The clay content is
Tow and varies between 10 % and 20 ¥ in the lower and upper
sections of the slope respectively, The content of organic
matter also drops from 2.5 % to 1.3 4. The pH value is 6.3.
To prevent erosion, smaller plots were laid out and separated



by Strips of grass aboyt » m wide approximately following
the Contoyr lines,

The rotations were not uniform at¢ the beginning of the expe-
riment, Since 1966 the following rotations have been prac-~
tised;

1966 - 1970 since 1974

st year Yam Yam Rice Yam Yam Yam
2nd year Maizes Groundnuts/ Maizey aize/ Groundnuts/ Maizes

cotton Cotton cotton Ccotton Cotton cotton
3rd year Rice Stylo- Stylo- Rice Rice Rice

Santhes Santhes

4th year Stylo- Stylo- Maize/ Maizes

Santhes Santhes Soya Soya
5th year Rice

Except for rice straw, an the harvest residues are Ploughed
back ingg the soil, ang since 1974 there hag been ng organic
fertilisep in *,e form of green manyre, The input of minerai

the land, for S0Wing ang SPpraying herbicides. but a1 Other
Operations are done py hand, The size of the plots varies

The climate of the regiop is characterised by a bimodai rain-
fal) distribution. The first rainy Season Jasts from March

to June {(400-500 mm), followed by a short dry season in
Juiy/August. during which aboyt 200 mm of rain fayy, The

tion than the first Season, The long dry Season Jastg from
November to the beginning of March, The tota] rainfal
dmounts tq 1200 mm Per year, ang therefore éxceeds the gy,.
Poration (piche) of 0n average 10s5¢ Mm. There are 2064
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hours of sunshine per year, which is almost 200 hours more
than at Man. The average annual temperature is 25.8°C, with
a maximum of 27.6°C in February/March and a minimum of
23.9°C in August. The relative humidity is 75 % on average,
and even during the dry period it rarely drops as a month-
ly average below 50 :. The climatic data are given in detail
in Table Iv/2,

Table 1V/2: Climatic data from the Agricultural Research Station
Bouake/Ivory Coast (averages 1953 - 1973)

Month Rainfall Evaporation Sunshine Temperature (°C) Relative
(Piche) humidity
(rm) {mm) (h) Max. Min. Aver- (%)
age
January 13.0 158.0 241.8 32.9 20.4 26.6 59
February 45.5 150.6 222.4 33.9 21.5 27.6 61
March 90.4 132.0 217.7 33.3 21.8 27.5 68
April 137.6 93.7 196.9 32.3 21.8 27.0 74
May 144 .1 77.0 207.2 31.3 21.7 26.3 78
June 148.9 55,1 137.2 29.3 20.9 25.1 82
July 97.4 52.9 98.0 27.7 20.4 24.0 84
August 106.2 491 77.4 27.6 20.4 23,9 84
September 212.5 46.6 112.0 23.7 20.6 24.6 84
October 137.8 54.7 167.6 29.8 20.7 25.2 82
November 37.5 68.0 189.9 31.0 20.8 25.8 80
December 21.2 108.4 105.4 31.5 20.3 25.8 69
Year 1192.1 1046.2 2063.5 30.8 20.4 25.8 75

Source: RCI/MINISTERE DE LA RECHERCHE SCIENTIFIQUE/IRAT, Division
- d'Agronomie, Rapport Analytique 1974, Fascicule I,
pp. 7 et seq.
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APPENDIX v: Method of Data Collection

A farm survey was carried oyt in the villages Hangouin,
Yrongouin, Te8h, Komadepleu ang Dingouin from February 1974
to April 1975, a1 the villages are situated in the southern
part of the Sous-préfecture Biankouma in the Département de
1'0uest of Ivory Coast (see Map 1, Appendix IIT). The ob-
Ject of the survey was to compare traditiongl holdings with

1. Selection of holdings

The 122 members of the agricultural machinery cooperative
(CUMA) Mangouin constituted the tota] number of semi-mecha-
nised holdirgs; no data were available in respect of the
traditional holdings. To select the sample, therefore, a
list was compiled of the names of all the independent far-
mers with the help of the heads of family groups (chefs de
lignage) in the various villages, and in this way about

90 % of al holdings have probably been included. From the

2, Data collection

Data were collected by means of interviews, Since only ,ust
a few farmers -spoke French, questions were asked in Dioula,
that was spoken ‘v all farmers,
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At the beginning of the survey, data on the resource base
of the holdings and the areas of the different crops were
collected. To estimcte the labour force,the total number
of persons was recorded who were permanently living with
the farmer and who worked on his fields. The farmers were
also asked about their animal stock and the number of tools
and machines. The areas of the different crops and crop
mixtures were measured by walking along the fields using

a compass and in the presence of the farmers., The pattern
of land use and the length of the cropping and fallow pe-
riods were established for each plot. A cadastral register
on the mechanically cultivated areas was available,

Data on the labour input and all cash receipts and expenses
connected with farming were collected by interviewing the
farmers once a week., As regards the labour input, classi-
fied according to sex and age, a distinction was made be-
tween the farmer, other members of the family, assistance
from neighbours and hired labour.

To measure the yields of rice and maize, plots of 25m? were
selected at random, and these plots were harvested separate-
1y, and the harvest was further processed by the farmers.
The product was weighed after sun-drying.

3. Data analysis

After consistency checks, most of the data were punched on
computer cards and statistically analysed with the help of
the SPSS1). The arithmetic mean, the variance and frequency
distributions were normally calculated. Differences between
variables were tested for significance by the t-test, F-test
and, where these could not be applied, by the chi-square-test
or the WILCOXON-test?)

1) Statistical Package for the Sucial Sciences, Version 1975,
2) See SIEGEL 1956, pp., 42 et seq. and pp., 75 et seq.
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To estimate the labour force of the holdings and the laboyr
input, the fol]owing conversiogn factors Were useqd, bearing
in mingd the avai]ability of labouH, Physical productivity
and the length of the working day:

Tabele v/1: Conversion factors to estimate laboyr units

Labour group Age (years) ME ME-daysa]
Children <10 - 0.15

Children 10 - 14 0.35 0.35
Young males 15 - 19 0.70 1.00
Young females 15 - 19 0.70 0.70
Adult males 20 - 50 1.00 1.00
Adult females 20 - 50 0.70 0.70

Adults (both sexes) >50 0.35 0.35

a) The conversion factors were not differentiated according to actij-
d

Source: Compiled by the author,

To estimate the labour inpu:, half—day units were taken
45 a basis fop data collection, since a finer differentia-
tion or the Méasurement of labour ip terms of hours proved,
to be impracticable1). The working day includes the time
spent for getting to ang from work, Working-time as well
as breaks, The length of the working day varies according

4.5 (land clearance ang Preparation) ang 8.0 hours (weed
control, harvesting), the average being about 6-6.5 hours,

1) To record the labour input in hours with any degree
of acuracy, it wWould have peen necessary to measure
exactly the time Spent, and thig Was not possible be-
cause of the high costs that wouid have beep incurred.
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3.2 Land

The plots of each crop were individually numbered and mark-
ed, so that the cultivated area of the holdings could be
estimated, If the shape of the pPlots revealed large devia-
tions between the beginning and end point, the plot was
measured again, The area was estimated by using a planime-
ter. In the case of mixed crupping the plots were recorded
according to the most important crop, that could usually be
clearly distinguished. Inclusion of the fallew land would
have been too demanding, and since land is cleared almost
exclusively for traditional upland rice cultivation, a theo-
retical farm size can be estimated according to the follow-
ing formula:

Theoretical farm size = traditional upland rice area x (average fallow
period + 1) + area cultivated with perennial
crops + semi-mechanised cultivated area

This farm size is only theoretical, since, according to tra-
ditional laws, rights of land use of only limited duration
can be acquired.

To determine the actual total cultivated area, a plot or a
section of a plot was included twice in the calculation if
two crops were grown in the same year, or if a dense stand
had developed in the case of cassava, plantains or perennial
crops,

3.3 VYields

Yields of rice and maize were calculated from the results
of the sample measurements, When using this method the
yields are usually overestimated, with the deviations from
the actual yields being greater in the case of the tradi-
tionally cultivated land than in semi-mechanised cropping
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(see van SANTEN 1572¢, p. 2). Nevertheless, the yields
that were Measured were not Corrected, because ng total
Surveys were Carried out, and therefore it is not possible
to know the degree of error of estimation,

Traditional Semi-mechanised

holdings holdings
Rice production (kg) 2,332 4,058
Losses 10 ¢ (kg) 233 406
Seed requirements
traditional farming (kg) 107 49
Marketable production (kg) 1,992 3,603
Sales (kg) 396 831
Available for consumption (kq) 1,596 2,772
Per person (kg paddy) 231.,3 245,7
Equivalent rice (60 3) 138.8 154,0

figures should range between 11g and 130 kgq (BOPA no year,

To estimate the gross returns, tota) production of the
holdings was valued at farm-gate Prices, In the case of
products fgr which the price is pot fixed by the State
(maize, yam, Cassava, etc.), the average market price for

the period ip which most of the production was sold was
applied, Jecause of the high Costs it was not possible to
measure any yielgs apart from rice and semi-mechanised maize,
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In the case of coffee and cocoa, the total production and
the amount sold were identical, since processing of those
products for consumption is unknown. The production of all
other crops was estimated on the basis of the following
average figures:

Table V/2: Average yield estimates and market prices of traditionally
cultivated food crops in West Ivory Coast

Yields in kg/ha Magégklgglce

Pure stand Important Mixed crop
mixed crop of secondary

importance
Upland rice (paddy) a) a) 400 65
Groundnuts (dried
shells) 1,100 800 300 12
Maize 1,400 1,100 200 18
Yam 9,500 8,500 3,000
Cassava 9,000 7,500 2,500
Plantains 9,000 7,500 4,000
Sweet potatoes 8,000 £,500 3,000 10
Vegetables
(Okra, etc.) 7,000 5,500 2,500 35

a) Yield was measured.

Source: Compiled by the author according to BOPA (no year, Vol, 3),
BLANCKENBURG/CREMER (Vol. 2, 1971), LEAKY/WILLS (1977),
REHM/ESPIG (1977),

Income from collecting, stock-keeping, etc., was estimated
at 10 % of the value of production from perennial crops
plus the income from the sale of these products. The value
of recently established perenni-] crops was ignored,

To arrive at the total costs of the holdings, cash expenses
were recorded from interviews, and other costs were esti-
mated. Wages paid in kind to hired labour were valued at

32 FCFA/day, and 77 FCFA/day in the case of neighbours' co-



operation, because often better meals are sometimes provided
twice a day, The costs of establishing cocoa and coffee are
50,000 to 60,000 FCFA/ha and are depreciated over a period
of 20 years' .

3.5 Cash income

With regard to monetary transactions, the only cash income
and expenses trat were recorded were thgse directly connect-
ed with farming, In so doing, the repayments of credit for
purchased inputs, that had to be in the form of paddy ac-
cording to the SODERIZ contracts, were treated as cash in-
come and expenses,

1) It is extremely difficult to estimate the costs of estab-
lishment of Perennial crops if the plot is used in the
first few years for mixed cropping, because the costs
cannot be exactly allocated tg the individual crops,



Appendix VI: Basic Data for Linear Programming Models

Table ¥1/1: Monetary and production coefficients of the activities (1 ha)

Traditional uplond rice Subsistence Hodern upland rice Semi-mechanised Semi-mechanised maize Traditional  Modern
1st year sowing 2nd year crops hand cultivation upland rice Ist. cycle  2nd cycle Coffee Coffee
early  normal early normal year 2/3 Ist year sowing 2nd year soving May early ext. int. ext. int. ext. int.

(/e) (/) /) (M) ext.  int. early normal early normal ext. int. sowing

Yield (kg) 1200 1602 800 1000 1800 2100 1700 2000 2000 2500 2100 2000 2800 1700 2300 160 350 950
Subsistence units 1.0 L3 0.05 0,05 0.05 5,05

Seeds (kg) 100 100 100 100 120 120 120 120 1200 120 120 60 60 60 60

Cash empenditure for

~ tools etc. 650 650 450 450 450 450 650 650 450 450 b0 420 K20 420 20 420 420 450 450 750
- fertiliser, pesticides - - - - - ~ 14880 14880 14880 14880 14890 14880 14880 4500 13500 - 13500 - - 10500
~ machine hire - - - - - - - - - - 10000 10000 10000 5000 6500 5000 5000 1600 3500 9500
Labour requiresents

(man—days)

Period 1 77.0 25.1 46.1 8.0 20.5 26.5 89.0 27.6 58,0 8.8 56 7.2 9.0 19.0 29.0 1.0 1.0 14.8
" 11 39.7 55.9 45.0 M1 19.5 284 45.0  63.0 b9.5  50.0  19.6 4B 53.0 16.0 262 bob 49 35.5
" 111 23.8 31.8 6.0  3%.8  30.8 355 29.0 36.0 290  39.6 28.0 40.0 21.0 16,3 24.8 3.6  I5.9 1.7
" v 22.9 12.5 20k 14,9 6.0 6.5 5.5 17.0 $6.5 180 110 22.0 634 28.7 2.0 14.0 23.0 0.4 12.7 0.7
n v 6.4 41.8 20.3  hl.0 LK) 5.5 3.9 43,0 3.9  '3.0 3.2 M 6.8 18,0 26,0 7.4 6.7 12.7
" VI 3.0 32,7 2.0 263 2.0 3.5 6 3.7 2.6 36,2 351 39.6 6.8 L8 b 175 22.5 5349
" vII 6.0 8.6 5.9 Sk 45 6.5 - 10.8 - 10.8 9.3 l2.0 - 3.2 340 113 229 50.5

- 96l -

1) Inclwdlng post-harvest losses.

Source: Compiled by the author.
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VI/2: Periods of and ilable d i i
Table VI/ rio and available days for field work in the western region of Ivory Coast

period

Operations Days

£rb)

(%)

Days

Available days for field work
Max.

Lp¢)

11 6.6, -19.7.

¥ 1. 9. -15.10.

VI 16.10. -10.12,

VIl 11,12, -9, 2,

—

Land clearance, seed-bed prepara- 58
tion

Sowing and guarding the early-

sown rice fields

Sowing of groundnuts, maize, etc.
Sowing of semi-mechanised maize

Land preparation for rice and 57
other subsistence crops

Sowing of rice and guarding

the fields

Planting of other subsistence

crops (maize, cassava, etc.)

First weeding of early-sown crops
Weeding of semi-mech, maize

First weeding of rice 44
Second weeding of early-sown crops
Planting of cassava

Husbandry of coffee (intensive
production)

Beginning of maize harvest

(1st cycle)

Harvest of early sown crops 43
Sowing semi-mech, maize (2nd cycle)
Fencing of rice fields

Husbandry of coffee (int. produc-
tion)

Second weeding or rice 45
Heeding of late-maturing sub-

sistence crops

Beginning of rice harvesting

Weeding of semi-mech. maize

(2nd cycle)

Husbandry of coffee (ext. and

int. production)

Rice harvesting 56
Harvesting of late-maturing
subsistence crops

Husbandry of coffee, begin-

ning of harvest

Rice threshing 61
Harvesting of late-maturing
subsistence crops

Harvesting of semi-mech.maize

(2nd cycle)

Coffee harvesting

27

27

22

22

25

K}

33

33

30

39

40

42

42

19

17

17

24

24.5

23

21,5

21

23.5

29

Total
———

364

184

129

165

3) Maximum available working-days (author's survey)
‘zﬁvailable working-days according to BDPA (no year, Vol. 3c. Tab. 211c)
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APPENDIX VII: The Evaluation of the Profitability of
Improved Production Methods Under Conditions
of Yield Uncertainty Caused by C]imate1)

1. Introduction

The introduction of improved production methods has brought
about considerable increases in yields and profitability in
upland farming in temperate climates. In rainfed farming in
the tropics, particularly in the inner tropical convergence
zone, modern cropping methods are frequently not efficient
because of insufficient water supply. The water holding ca-
pacity of most of the soils is low, and periods of only a
few days without rain at certain stages in the crops'
growth can cause considerable reductions of yield.

The following illustrates an approach to evaluate the pro-
fitability of mineral fertiliser application at differenc
levels of mechanisation under conditions of yield uncertain-
ty due to climate,

On the basis of resulis from an experiment in Ivory Coast on
the agronomy of yam, maize, rice and cottnrn:

- the relations between crop yields and climatic variables
are analysed;

- the effect of innovations like mineral fertiliser applica-
tion, use of animal power and tractors on the yields is
quantified;

- and finally the profitability of improved production me-
thods is estimated, taking into account the yield uncer-
tainty due to climate.

1) For details see LANG/BARTSCH 1977.
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2. Data basis

The data are taken from a long-term agronomy trial that

has been carried out at the IRAT research station in Bouake
since 1967, The aim of the experiment is to examine the in-
fluence of mineral fertilisers and manure with different
depths of Ploughing (about 5 cp by hand, 10-15 cm by ox-
team and 25-.3p cm by tractor) on the yield development in
Pérmanent uplang cultivation without falioy,

The lay-out of the experiment is as follows: the area is di-
vided into 3 blocks in keeping with the crop rotation yam -
maize/cotton - rice. Fach block is divided into 4 plots
corresponding to the production methods: hand cultivation
With mineral fertiliser - yse of animal power with mineral
fertiliser - animal power with stable manure1 - tractor
p]oughing with minera} fertiliser, Each plot is further sub-

Fertiliser doses were varied in the first few years of the
experiment, Since 1970, the following quantities have been
applied (N - PZOS - K20 in kg of pure nutrients per ha):

Yam Maize Cotton Rice
no fertiliser (Fo) 0-0-0 0-0-0 0-0-0 0-0-0
@edium fertiliser
application (F,) 40-30-60 40-40-60 30-45-45  33.40-49
high leve) cf ferti~
liser (Fz) 80-60-120 80-30-120 60-90-90 66-80-80

The same varieties of yam (Suidig, a variety of the Species
Dioscorea alata), cotton (Allen) and rice (0S 6) were grown
from 1967 to 1974, Only in the case of maize was the varie-
ty HJ replaced by cJs (Composite Jaune de Bouaka) in 1970,

—_—_—
1) This method has not been included in the analysis,
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3. The method

The profitability of the various production methods under
conditions of yield uncertainty is evaluated on the basis of
the gross margins per hectare and per ME-day that can be
expected with a certain probability from the individual
crops,

In detail, the analysis comprises the following steps:

(1) Correlation analyses are carried out to determine the
influence of the different variables in question on
Crop yields. The statistical significance of the rela-
tions thus established is examined with the help of the
Student's t-test.

(2) The variables included in the mathematical model are
selected with the help of relevant hypotheses and com-
bined in multiple regression analyses, for which 11-
near, quadratic and Cobb-Douglas functions are used,
For further analysis the functions having the best fit
are retained.

(3) For the independent variables used in the functions,
marginal values are calculated at a given probability
1eve11). To do this, frequency distribution functions
of the variables are adapted for an incomplete gamma
function of the type PEARSOR 111 following MANNING

(1950) and GIGOU (1973):
u

Flud = Fove (1 = Fo) =y / W Le gy

0

1) Apart from rainfall, it was not possible to include
other variables such as temperature, duration of sun-
shine, etc., in the analysis because of the insuffi-
cient data,
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where
Flu) = the probability that y wili not be exceeded
(0 < Flu) < 1)
X
v =3
X = amount of rainfal)
S = the parameter of scale of the function
Y = the parameter of form of the function
FO = the shift of the function from the origin on

the F(u) axis,

The parameters (v, s, FO) are calculated according to
GIGOU (1973, Pp. 860 et seq.), whereby the function is
restricted to the renge 0.1 < F(y) < 0.9, since estima-
tions beyond this range are subject to considerable
error,

(4) With the marginal values of the variables of the clima-
tic factors thus established, and with the help of the
functions retained, the corresponding marginal values
of crop yields are calculated,

involve finding out the attitudes of the farmers applying
these technical innovations towards risk, and thus to ar-
rive at decision-making criteria regarding the economic
advantage of particular crops and production methods').

—_— e
1) Decision-making under uncertainty is dealt with by e.q.
ARROW 1971, HANF 1969 and Von NEUMANN/MORGENSTERN 1947,
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4. Results
4.1 Yam

For the individual correlations with the yield of yam up

to a fertiliser level of F2 (r = 0.417+**), the production
methods have no significant effect on the yield. This is
explained by the fact that the variance of the yields be-
tween the cropping methods is small compared to the varian-
ce caused by climate,

If climatic factors are included as a variable in an ex-
planatory model, we see that both the fertiliser level F1
and mechanisation increase yields of yam significantly, as
can be seen in the following function:

Y, = 0.268 Ras?:959 . 4 5, Dy * 1.50
w k% **

LN *w ok

-
L}

Yam yield in dt/ha
RAS = Rainfall for August and September in mm

(0,1)-variable for mechanisation

o =
=
n 1

1 (0,1)-variable for fertiliser level F1

02 = (0,1)-variable for fertiliser leve) F2

The Cobb-Douglas function is statistically very reliable,
and with a coefficient of determination of 0.76 it has the
best fit of all the functions,

It can be seen that mechanisaticn raises the yield by ap-
proximately 22 %, fertiliser level FI by 50 i and fertilij-
ser level F2 by about 87 % compared with hand cultivation
without fertiliser application. Mechanisation combined with
the u.e of minera) fertiliser increases the yield of yam

by about 83 % at F1 and by about 126 7 at F2. Cultivation
using animal power in the absence of mineral fertilising
has no significant effect on the yield of yam,
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Tables YII/1 and VII/2 illustrate the profitability of the
various production methods with yield fluctuations caused
by the climate. The basis of comparison is hand cultivation
without any application of fertiliser. It is clear that,
under the present price conditions, mechanisation combined
with the application of high fertiliser doses represents the
most profitable production method for smallscale farmers.
The gross margin both per hectare and per working-day is
not exceeded by any other cultivation method.

It is true that with animal traction a Jower gross margin
per hectare is produced than with the manual method, but

on the other hand the labour productivity is usually higher
and only in 20 % of the years traditional cultivation is
superior to ox-tearp cultivation. However, the differences
are too small to represent an important economic incentive
to adopt the use of animal power,

Mineral fertiliser application is profitable in all cases
- independent of the rainfall distribution and the degree
of mechanisation - ang high amounts give better results
than medium fertilicer doses,

4.2 Maize

If we take the relation between the various production me-
thods and yields, only fertiliser level F2 hac a signifi-
cant effect on maize yields (r = 0,459%%%) Tphe following
function, in which the variance of yields due to climate

is partly explained, shows that yields can also be signi-
ficantly raised by applying only moderate quantities of mi-
neral fertiliser:



Table VII/1: The effect of technical innovations and mineral fertiliser application on the profitability of yam

(FCFA/ha)

Frequency Gross margin per Additional gross margin per hectare due to
hectare hand cul-
(%) tivation without Mineral fertiliser Mechanisation and mineral fertiliser
mineral fertili- iechanisation
ser
(F,) F F, (Fo) Fy F,
20 > 63,400 > 28,000 > 43,700 > 4,680 > 43,020 > 66,320
20 44,480 - 63,400 18,500 - 28,000 27,250 - 43,700 500 - 4,630 27,250 - 43,020 42,050 - 66,320
20 33,400 ~ 44,480 13,000 - 18,500 17,680 - 27,250 -1,920 - 500 18,120 ~ 27,250 27,920 - 42,050
20 20,400 - 33,400 6,500 - 13,000 6,370 - 17,680 -4,780 - -1,920 7,330 - 18,120 11,280 - 27,920
20 < 20,400 < 13,000 < 6,370 < -4,780 < 7,330 < 11,280
Source: LAMG/BARTSCH 1977, p. 250.

ylc -



Table VII/2: Return to labour under various production methods of yam cultivation (FCFA/ME-day)

‘requency Rainfall Hand cultivation Aninal power Mechanisation

(%) (mm)

Fo Fy F, Fo F F, Fo F Fy
20 > 445 > 291 > 294 > 327 > 261 > 334 > 372 > 355 > 461 > 529
20 365 - 445 167 - 299 212 - 294 231 - 327 181 - 261 235 - 334 258 - 372 245 - 355 335 - 461 381 - 529
20 305 - 365 128 - 167 161 - 212 170 - 231 133 - 181 173 - 235 183 - 258 178 - 245 251 - 335 283 - 381
20 240 - 305 80 - 128 9% - 161 93 - 170 71 - 133 92 - 173 88 - 183 91 - 178 141 - 259 155 - 283
20 < 240 < 90 < 96 < 93 <N < 92 < 88 <9 < 141 < 155

= 502 -

Jurce: LANG/BARTSCH 1977, p. 250.
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D D
t6.73 ru?-324  qy2.186 o Dy 5.81 2

M * k& * k% * ok LA 23

YM = Maize yield in kg/ha

Rk = Rainfall, 10th - 31st May in mm
™
D
D2 = (0,1)-variable for fertiliser level F2

Average minimum temperature in May over 18°C

(0,1)-variable for fertiliser level FI

The Cobb-Douglas function has the best fit, where the mul-
tiple correlation coefficient is r2 = 0.86. None of the
functions revails a significant yield effect due to the use
of animal pawer or tractors,

As can be seen from Table VI11/3, the profitability of ferti-
liser application depends to a high degree on climatic condij-
tions and shows great fluctuations, Fertiliser level F2 under
unfavourable climatic conditions is conducive to higher los-
ses than in the case of medium fertiliser doses (the diffe-
rence is in the order of 8,000-10,000 FCFA/ha), but the ad- .
ditional profits from high fertiliser qQuantities under fa-
vourable conditions are much greater ang come to between
35,000 and 45,000 FCFA/ha. A confident statement about the
advantage of the individual production methods cannot be
made, since it is not possible to establish frequency dic-
tributions of temperature values because of the inadequate
data base., The manual cropping method is superior to mecha-
nisation at the relatively 1ow maize price of 18 FCFA/ha

(see Table VI1/4). Semi-mechanisation of maize cultivation

in particular involves a high degree of risk foar smallhol-
ders, since in combination with fertiliser application,
losses of 30,000-560,000 FCFA/ha can occur in years of un-
favourable climatic conditions,



Table vi1/3: The profitability of mineral fertiliser application in traditional maize cultivation
RV

(FCFA/ha}
Frequency Gross margin per hectare in
(%) traditional maize cultivation

without mineral fertiliser

with an average minimum

temperature in May of
20°C

22°c
20 > 3,670 > 27,192
20 2,930 - 3,670 23,990 - 27,190
20 2,270 - 2,930 20,750 - 23,990
20 1,380 - 2,270 16,910 - 20,750
20 < 1,380 < 16,910

Additional gross marg

ins due to mineral

minimum temperature in May of

fertiliser with an average

20°C

22°c

> -2,360
~4,230 - -2,360
-5,980 - -4,230
-8,360 - -5,980

< -8,36C

Source: LANG/BARTSCH 1977, p. 252.

> -8,100
~11,480 - - 8,100
-14,640 - -11,480
-18,950 - -14,640

< -18,950

> 60,290
51,790 - 60,290
43,170 - 51,790
32,970 - 43,170

< 32,970

> 105,190
89,800 - 105,190
74,200 - 89,800
55,780 - 74,220

< 55,780

= L0 -



Table VII/4: Return to labour under various production methods of maize cultivation (FCFA/ME-day)
aole Vii/a

Frequency Rainfal) Hand cultivation Animal power Mechanisation
(%) (mm) ——————————————————————————————-——————————————————-———————————————————————-———————————————————————————————
Fy Fy F Fy Fy F, Fy F, F,

20 > 130 > 136 > 229 > 251 > 74 > 228 > 256 > -96 > 162 > 210

20 90 - 130 122 - 136 199 - 229 215 - 251 47 - 74 188 - 228 211 - 256 -139 - - g5 yeq _ 162 159 - 219
20 60 - 90 106 - 122 166 - 199 174 - 215 17 - 47 141 - 188 159 . 211 -183 - -139 57 - 114 97 - 159
- -183 -24 - 57 7 - 97

20 35 - 60 86 - 106 120 - 166 166 ~ 174 =23 - 17 75 - 141 80 - 158 -239

20 < 35 < 86 < 120 < 116 < -23 <75 < 80 < -239 < -24 <7

- _ - —_ __._____...._.________________\\
Source: LANG/BARTSCH 1977, p. 252.

=~ 8oz -



- 209 -

4.3 Upland rice

Neither mechanisation nor mineral fertiliser application
show a significant effect on the yield in the case of up-
land rice cultivetion., If climatic factors are included

in the dnalysis as independent variables, it becomes clear
that a medium quantity of fertiliser raises the yield of
rice by about 165 %, A doubling of the fertiliser dose
produces a further yield increase of only 7 %, as can be

seen in the frllowing function:

—<
1]

D D
R o= 0.131 RuAD-447 L goti3se Dy 2.72 2
*

* & LA R ] LA X ]

YR = Rice yield in kg paddy/ha
RJA = Rainfall 20.7.-19.8, in mm

S0 = Buration of sunshine 1,-20,10. in h
D1 = (0,1)-variable fertiliser leyve] Fl
02 = (0,1)-variable fertiliser leve] F2

This fun:tion is statistically reliable and explains about
85 % of the variation in yields., The Cobb-Douglas function
has in this case too the best fit of all the tested func -
tions,

A medium fertiliser Tevel proves to be ptofitable irrespec-
tive of the degree of mechanisation, and is conducive to

an increase in gross margins even in climatically unfavour-
able years, Higher amounts of mineral fertiliser, on the
other hand, prove to be no more profitable,

Mechanisaticr is superior to the hand cultivation method
from tne point of view of labour productivity., The use of
animal power is slightly more profitable than semi-mecha-
nisation, since the gross margin per ME-day with semi-mecha-
nisation under unfavourable climatic conditions drops rela-
tively more sharply than in the case of ox-team cultivation,
although under favourable conditions the gross margin does
Not increase to the same extent (see Table Vil/s5).


http:1.-20.10

Table VII/5: Return to Tabour under various production methods of upland rice cultivation (FCFA/ME-day)

Frequency Rainfall Hand cultivation Animal power Mechanisation
(%)? (mm)
Fo Fy Fa Fo F Fa Fo F F2
20 > 210 > 410 > 732 > 628 > 562 > 960 > 808 > 504 > 978 > 807
20 145 - 210 349 - 410 632 -~ 732 519 - 628 466 - 562 832 - 960 666 - 808 383 - 504 835 - 978 646 - 807
20 100 - 145 294 - 329 531 - 632 414 - 519 388 - 466 699 - §32 524 - 666 263 - 383 682 - 835 481 - 646
20 50 - 100 206 - 294 365 - 531 234 - 414 223 - 388 595 - 699 261 - 524 68 - 263 402 - 682 166 - 481 1
20 < 50 < 206 < 365 < 234 < 223 < 595 < 261 < 68 < 402 < 166 N
o
1

a) The data base was insufficient to establish frequency distributions for the duration of sunshine,
An average duration of sunshine of 105 hours from 1.10.-19.10. is therefore assumed.

Source: LANG/BARTSCH 1977, p. 251.
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4.4 Cotton

For cotton, as ip the case of the other crops, only the
correlation between yielq and fertiliser Tevel F2
(r = 0.632%**) 45 statistical]y significant, although a pe-

Yc = Cotton yield in kg/hz

RO = Rainfalr, October in mm
(0,1)-variable fertiliser level F
(0,1)~variable fertiliser leyel Fy

o
~n
n

Animal povwer and mechanisation methods show ng significant
effect on cotton yields, Although a linear function with
the same variable with % - 0.83 shows , clearly higher
coefficient of determination, the Cobb-Doug]as function

a linear relation would mean that the increase in yield
through mineral fertiliser application is constant, i,e,
independent of the water supply, a fact that cannot be ex-
pected,

A high fertiliser level proves to be the most profitable
alternative in all cases, irrespective of the degree of
mechanisation, Losses due tg mineral fertiliser use can

n less than ig ¥ of the Years at both fertq-
liser levels,

As can be seep from Table VI1/6, there are only slight dif-
ferences between the production methods with regard to re-
turns tg labour, Without fertilisep app]ication, hand cuyl-
tivation is found to pe the most profitable method, Wiih
high quantities of mineral fertiliser, animal traction cul-
tivation g slightly superior to the other methods,



Table VII/6: Return to labour under various production methods

of cotton cultivation (FCFA/ME-day)

Frequency Rainfall Hand cultivation Animal power Mechanisation
(%) (mm)
Fo Fi F, Fo Fy Fy Fo Fy Fy
20 > 240 > 146 > 301 > 431 > 120 > 344 > 505 > 118 > 328 > 427
20 180 - 240 117 - 146 232 - 301 336 - 431 73 - 120 254 - 344 390 - 505 76 - 118 238 - -28 369 - 427
20 145 - 180 97 - 117 182 - 232 266 - 336 48 - 73 183 - 254 297 - 390 46 - 76 172 - 238 281 - 369
20 110 - 145 78 - 97 131 - 182 188 - 266 18 - 48 107 - 183 191 - 297 19 - 46 101 - 172 180 - 281 ,
20 < 95 < 68 < 102 < 144 <0 < 64 < 128 <3 < 61 <121 o
~
1
Source: LANG/BARTSCH 1977, p. 253.
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5. Summary and Conclusions

With regard to the problem of yield uncertainty, one of the
crucial economic targets for traditional smallscale farmers
is insuring that subsistence needs are covered. With the
introduction of innovations like mineral fertilisers or
mechanisation, a further target is tg adopt economically
feasible production methods, because innovations create
expenditure that ig usually repaid by the sale of surpluses,

If both targets are considered, namely ensuring subsistence
and profitability of ¢rop production, the most advantageous
crops for smallholders under the given climatic conditions,
and irrespective of the degree of mechanisation in the
holdings, are yam, because of ijts relatively stable yields,
and rice, because of its relatively stable gross margins
due to the favourable price relations,

Similarly cotton is an interesting cash crop, It is certain-
ly less profitable than yam or rice, but it can help to
spread the labour input on account of its long sowing pe-
riod, from the end of June to the middle of August, and it
€an contribute to the diversification of production, and
therefore to a reduction of the economic risk, Maize, which
Preceeds cotton in the same year, ijs subject to very pro-
nounced variations of yield and gross margins, and with the
present low maize Prices it does not appear to be a suyit-

However, one cannot draw on the experimental resylts of
agricultural research stations without certain reservations
when evaluating innovations at the farm level, As a rule,
yields in experiments are higher than the average for small-
scale holdings in a region (DAVIDSON et a7, 1967} ,since in
research stations:
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- crop husbandry (weeding, insect and pest control) is
carried out much more intensive]y;

- cultural operations are usually done at the optimal time;

- better seeds and sometimes also more productive varije-
ties are used.

The conclusions on the profitability of technical innova-
tions at the farm level on the basis of research results
have to be modified to cater fer the effect of these fac-
tors on ¢rop yields and for the differences between re-
search and field conditions, A precise knowledge of the
farmers! production conditions and the probiems arising
from the introduction of these innovations ijs absolutely
éssential, This ig confirmed by the experience gained in
the early phases of development projects with semi-mecha-
nised farming in the central region of Ivory Coast (LANG
1976, Le BUANEC 1975b),



APPENDIX VIII: Costs of Agricultural HMachinery and Implements in Ivory Coast (1974/75)

Table VIII/1: Fixed and variable costs of tractors and combine harvesters in Ivory Coast (1974/75)

Tractors (KW)

Combine harvesters
Working width (m)

Single-axle tractor

30 - 35 45 - 50 55 - 60 3.20-3.50 4.00-4.30 8-10 Kw

Purchase price (FCFA) 2,050,000 2,450,000 2,800,000 7,850,000 12,900,000 740,000
Spare parts (FCFA) 160,000 200,000 220,000 390,000 650,000 60,000
Capital investment (FCFA) 2,210,000 2,650,000 3,020,000 8,240,000 13,550,000 800,000
Life time (years) 5 5 5 6 6 4
Fixed costs per year
{FCFA} 575,000 675,000 765,000 1,795,000 2,925,000 230,000
- depreciation 410,000 490,000 560,000 1,300,000 2,150,000 185,000
- shade 30,000 30,000 30,000 50,000 60,000 5,000
- insurance 25,000 25,000 25,000 35,000 35,000 -
- interest (5 %) 110,000 130,000 150,000 410,000 680,000 40,000
Variable costs per hour
(FCFR)
- fuel 351 481 585 910 1,040 130
- 0il and grease 105 144 176 228 260 33
- repairs and mainte-

nance 273 327 373 1,636 2,680 197
- driver's wage 216 216 216 310 310 -

Source: Compiled by the author .

- §i¢ -


http:4.00-4.30
http:3.20-3.50

Table VIII/2: Fixed and variable costs of agricultural implements in Ivory Coast 197475

T ———— \\v*\_w\\& -\_-h_*\_—\

Disc plough Disc harrows Slasher Orill Maize Sprayer Fertiliser- Trailer
. : 18-20  28-32 seed-dril) broadcaster

3 discs 4 discs discs  discs (1.50m) (17 rows) {8 rows) 9m 16 m 5.5t 7,0 t
e e __.\_,\‘____\“____\__\V -
Purchase Eri_Cg_ (FCra) 360,000 420,000 350,200 470,000 380.000 530,000 710,000 380,000 969,000 220.000 1,250,000 1,500,000
Spareparts (FCFA) 180,000 210,000 175,000 235,000 40,000 55,000 70,000 30,000 35,000 20,000 125,000 150,000
Epg}ﬂinvesﬁmt_ (FCFA) 540,000 630.000 525.000 704,000 420,000 585,000 780,009 410.000 995,000 240,000 1,374,000 1,650,000
Lifetime (years) 5 5 S 5 R 8 8 10 10 10 10 10
_F‘i}od c_o_s‘ts__pguve_a: (FCFA) 138,600 161,700 134,200 181.000 77,300 107,700 142 500 66,800 167,900 38,200 218,800 262.500
- Depreciation 108,000 126,000 105,000 141,000 52,500 73,100 97,500 42,000 105.500 24,000 137,500 165,000
- Shadca) 3,600 4,200 3,500 24,700 3.800 5.300 7,100 3,800 9,600 2,200 12,500 15,000
= Interest costs (5% p.a.} 27,000 31,500 26,300 35,300 21,000 29,300 39,000 21,000 52,800 12,000 68,800 82,500
Variabh; costs per yearh)
‘(‘Re—paﬁ'{hﬁ?mamfenance) 108,000 126,000 105,000 141,000 47,500 53,000 71.000 19,000 48,000 11,000 62,500 75,000
(FCFA)
Total costs per year (FCFA) 246,600 7,700 239.800 322,000 124.80p 160,700 214,600  Rs,800 215,900 49,200 281,300 337,500
T e ———— e T

a) 1 of purchase price
b) Average Capacity

Saurce: Compited by the author,

912



APPENDIX 1x. Basic Data for Estimation of Accounting Prices
—=A X
in Ivory Coaston the Basis of World Market
Prices

Table Ix/1; Conversion factors for the transformation of domestic

market prices
Factor

Investment oods

Agricultura) machinery and implements 0,92
Buildings 0.85
Land clearing, infrastructyre and irrigation

works 0.83

Material in uts

Minera) fertiliser 0.79
Pesticides ang herbicides 0.83
Tools and sma7) implements 0.83
Draught-oxen 1.00

Costs of maintenance and repairs

Infrastructure, irrigation works 0.83
Buildings 0.81
Agricultural machinery and implements 0.75
0x~team 0.83
Variable machinery costs 0.74

Costs of agricultural extension 0.83
Source: Estimates of the author,



- 218 -

Table IX/2: Estimate of paddy world market prices in Ivory Coast

1970-1980 1974/75
FCFA FCFA
Milling out-turn per tonne of paddya)
- 450 kg rice grade 1 ' 41,630 50,630
- 150 kg rice grade II 8,630 12,380
- 50 kg broken rice 2,070 3,130
- 80 kg by-products®) 400 600
Value per tonne of paddy 52,730 66,740
Costs of transport and processing per
tonne of paddyc)
- Transport and storage 4,150 4,250
- Processing (rice mill) 7,060 4,980
Total costs per tonne of paddy 11,210 9,230
Accounting price per tonne of paddy
(ex-mill) 41,520 57,510
Transport costs of domestically
produced ricec) 5,400 4,570
./. Transport costs of imported
rice®) 7,890 7,060
Accounting price per tonne of paddy 44,010 60,000

a) Average milling out-turn 60 %
b) Rice flour, bran etc.

¢) Conversion factor from domestic to world market prices = 0.83

Source: Compiled by the author according to SODERIZ,
Annual reports 1974 and 1975; SODERIZ (1974).



- 219 -

BIBLIOGRAPHY
—— RS

ABIFARIN. A.0. et al,: Upland Rice Improvement in West
Africa. In: Internationa) Rice Research Institute; Rice
Breeding. Los Banios, 625-635, 1972,

AKRASANEE, N.; A, WATTANUKIT: Comparative Advantage in Rice
Production in Thailand, In: Food Research Instityte
Studies 15, 2, 177-214, 1976,

ALBRECHT, H.: Innovationsprozesse in der Landwirtschaft.
SSIP-Schriten Ar. 6, Saarbriicken 1969,

ANDERSON, J.R.; J.L. DILLON; B, HARDAKER : Agricultural De-
Cision Analysis, Iowa 1977,

ANDREAE, B.: Die Bodenfruchtbarkeit in den Tropen, Hamburg,
Berlin 1965,

ANDREAE, B.: Formen des Reisanbays im internationalen Ver-
gleich, In: Zeitschrift fiir auslindische Landwirtschaft.
10, 3, 194-215, 1971,

ANGLADETTE, At Le riz, Paris 1966,

ANGLADETTE, A: Le riz dans Je cadre international. In:
L'Agronomie Tropicale, 21, 4, 566-568, 1966,

ANGLADETTE. A L. DESCHAMPS ; Problemes et Perspectives de
I'agriculture dans Jles Pays tropicaux, Paris 1974,

ARE, L.: Rice Production in West Africa. WARDA, Monrovia

0.J. (mimeo),

ARROW, k.. Essays in the Theory of Risk-Bearing. Chicago
1971,

AUBREVILLE, A.: Climats, foréts et désertification de
1'Afrique tropicale. Paris 1949,

Service Agriculture-Elévage, Rapport d'activités, opéré-
tion cultures annuelles 1971-73, Bouake 1974, (mimeo),

AVB: Etyde des systame ruraux de Production de 1, région
Centre de Cote d'lvoire, Document Provisoire, Abidjan
974,

BARLOWE, R.. Land Resource Economics: The Political Economy
of Rural ang Urban Land Resource Use. Englewood Cliffs
1958,



- 220 -

BOPA (Bureau pour le Développement de la Production Agri-
cole): Techniques rurales en Afrique - Les temps de
travaux, République Frangaise, Ministére de la Coopéra-
tion, 3 Vols., 1965.

BOPA: Etude générale de la région de Man. 4 Vols., no year,

BERTRAND, P.: Réponse de 1'enracinement du riz de plateau
aux caractéres physiques et chimiques du sol. In:
L'Agronomie Tropicale, 26, 3, 376-386, 1971.

BIGOT, Y.: Revenus agricoles, diffusion des innovations
techniques dans les unites experimentales et conséquen-
ces immediates de gestion individuelle et de politique
agricole pour le Sud Sine Saloum. CNRA, Bambey 1974,
(mimea).

BIGOT, Y.: Fertilisation, labour et espéce cultivée en
situation de pluviosité incertaine du Centre de Cdte
d'lvoire., Synthése des pricipaux résultats d'un test
de différents systémes culturaux de 1967 d& 1974, In:
L'Agronomie Tropicale, 32, 3, 242-247, 1977,

BIRIE-HABAS, J.: Les recherches rizicoles en Casamance -
Situation en 1965. In: L'Agronomie Tropicale 21, 1,
38-46, 1966.

8LANCKENBURG, P. von: Die Aktivierung der bduerlichen Land-
wirtschaft. In: Blanckenburg, P. von, H.-D. Cremer (Ed.),
Handbuch der Landwirtschaft in den Entwicklungsldndern,
Vol. 1, 400-446, Stuttgart 1967.

BODENSTEDT, A.A.; W.D. BRITSCH; H. TSCHAKERT;
J.E, TSCHIERSCH: Agricultural Mechanization and Employ-
ment. Publication of the Research Centre for Interna-
tional Agrarian Development, Vol. 7, Saarbriicken 1977,

BOER, P.G. De: Rice development in West Africa. WARDA/PMM/
74/8, Monrovia 1974, (mimeo).

BOLHUIS, G.G.: Reis. In: Blanckenburg, P. von; H,D. Cremer
(Ed.), Handbuch der Landwirtschaft in den Entwicklungs-
ldandern, Vol. 2, 256-280, Stuttgart 1971,

BONNEFOND, Ph,: L'introduction de la motorisation en agri-
culture traditionelle. Cahiers ORSTOM, sér. Sci. hum,,
7, 4, 21-23, 1970,

BONNEFOND, Ph.: Temps de travaux manuels et rentabiliteé
financiére en agriculture semi-motorisée (Moyenne Cdte
d'Ivoire) 2 Vols., ORSTOM, Sciences Humaines, 4, 1,
1971,



BORCHERT, g.: Die Hirtschaftsraume der E]fenbeinkﬁste.
Hamburger Beitrige zur Afrika-Kunde, Vol, 13, Hamburg
1972,

BOUSSARD, J.m.: Risk and Uncertainty in Programming Models:
A Reviey, Paper presented at the Conference on Risk,
Uncertainty and Agricultyraj Development, CIMMYT, B-11
March, Mexico City 1976 {(mimeo) .

BOUSSARD, J.M.; M, PETIT: Representation of Farmer's
Behavior ynder Uncertainty with a Focuyg Loss Constraint,
I'n: Journa) of Farm Economics, 49, 869-880, 1967,

BOWDEN, I.; J.7.u, GRAY: Rice Cultivation in Ghana, In: The
Ghana Farmer, 1, 4, 129-131, 1957,

CABRERA, J.B.: New Method and Implement for Upland Rice
Planting. Aromen Experiment Station. Aromen, Carmen,
Cotabato, no year,

CASTILLO, G.7.: A1l in a Grain of Rice, Southeast Asian
Regional Centre for Graduate Study and Research in
Agricu]ture, 1975,

CELTON, J.; J. MARQUETTE: Observation sur la temperature de
1'air et 13 production de paddy enregistrées dang Ta
plaine de Tananarive, In: L'Agronomie Tropica]e, 23, 11,
1159~ll64, 1968.

CELTON, Jo; 4. VELLY: Influence de la densite de repiquage
du riz sur les facteurs dy rendement, [n: L'Agronomie
Tropicale 23, 4, 403-423, 1963,

CFDT (Compagnie Frangaise pour Jle Développment des Fibres
Textileg): Rapport annue) d'activites 1972/73. Bouake
1973 (mimeo).

CHABROLIN, R.: Utilisation des engrais en riziére 3
Madagascar, Ip. L'Agronomie Tropicale 22, 4, 387-405,
1967,

CHABROLIN, R.: Influence de la date de semis sur Jeg

charactérlstiques physio]ogiques et le rendement de cing

variétésde riz de Basse-Guinae, In: L'Agronomie Tropicale
23, 4, 389-402, 1968,

CHABROLIN, R.. Les recherches rizicoles en Afrique tropicale
francophone et d Madagascar, In: L'Agronomie Tropicale
4, 1, 15-38, 1969,



- 222 -

CHABROLIN, R.: Perspectives actuelles de 1'amélioration
variétale en riziculture tropicale., In: L'Agronomie
Tropicale, 25, 9/10, 909-914, 1970.

CHABROLIN, R.: The Different Types of Rainfed Rice Cropping
in Dahomey, In: Rice Breeding and Varietal Improvement,
Seminar Proceedings WARDA, 74-80, Monrovia 1974,

CHABROLIN, R.: Rice in West Africa. In: Leakey, C.L.A.,
J.8. Wills (Ed.): Food Crops of the Lowland Tropics,
7-25, Oxford 1977.

CHAKRABORTY, T.: Nature of Competition Between Weeds and
Rice for Nitrogen Under Dry Land Conditions. In:
Experimental Agriculture 9, 3, 219-223, 1973,

CHAMINADE, R.: Travaux exécutés par 1'IRAT en matiére
d'agronomie. In: L'Agromomie Tropicale 25, 2, 115-131,
1970.

CHAMINADE, R.: Les exigences de 1'intensification des
systemes culturaux en Afrique occidentale. Séminaire sur
les systemes d'exploitation traditionel et leur
intensification, 16-20 Nov., Ibadan 1970.

CHARREAU, C.: Problemes posés par la fixation de 1'agriculture
en zone tropicale séche. Séminaire sur les systémes
d'exploitation traditjonnels et leur intensification
16-20 Nov., lbadan 1970.

CHATEAU, R.: Methodes et problemes en matiere de moissonage
battage du riz. In: Riz et Riziculture 6, 1, 11-30, 1960.

CIDT (Compagnie Ivoirienne pour le Développ. ent des Fibres
Textiles?: Modernisation des exploitatio.s de savanes,
Projet Riz-Coton (C. Pretot), Rapport annuel 1973/74,
Bouaké 1974 (mimeo).

CIDT: Modernisation des exploitations de savanes, Projet
Riz-Coton (C. Pretot), Rapport annuel 1974/75, Bouaké
1975a (mimeo).

CIDT: Rapport annuel d'activités, campagne 1974/75. Bouaké
1975 b (mimeo).

CIRIACY-WANTRUP, S.V.: Resource Conservation. Economics and
Policies., 3rd ed., Berkeley 1968.

CLEAVE, J.H.: Labour Use in the Development of Smallholder
Agriculture. New York 1974,

COCHEME, J.: Notes on the Ecology of Rice in West Africa.
FAO, Rome 1971,



- 223 -

COLLINSON, M.P.: Farm Management in Peasant Agricultyre,
A Handbook for Rural Development Planning in Africa,
New York, Washington, Lgndan 1972,

COLONNA, J.-p. . le riz et sa culture en Republique Centre-
africaine. In: L'Agronomie Topicale, 22, 1, 11-29
1967,

COLONNA, U,-P.: Recherches suyr 1a fertilisation minerale du
riz en culture pluviale en RCA, resultats des premiers
e€ssais., In: Colloque sur 1a fertilite des sols tropicaux,
Vol. 1, 709-719, Tananarive 1968,

CRAUFURD, R.-Q.; a.J. CARPENTER: Partial Mechanisation of
Rice in Sierre Leone. In: Worlg Cro; :, 20, 2, 72-77, 1968,

CURFS, H.P.F,: Systems Development in Agricultural
Mechanization with Speciel Reference to Soil Tillage and
Weed Control, A Case Study for West Africa, Mededelingen
Landbouwhogeschool Wageningen 75-5, Hageningen 1976,

CURRENS, G.E.:The Loma Farmer: A Socio-Economic Study of
Rice Cultivation and the Use of Resources Among a Peopie
of northwestern Liberia. Ph,D, Diss,, University of
Oregon, 1974,

DADEY, C.A.: Plant Protection for the Rice Crop. Paper
presented at WARDA Plant Protection Seminar, 21-29 May,
Monrovia 1973 (mimeo).

OAVIDSON, B.R.; B.R. HARTIN; R.G. MAULDON: The Application
of Experimental Results to Farm Production, In: Journal
of Farm Economics 49, 900-907, 1967.

DE DATTA, S.K.; E.L. ARAGON; J.A. MALABUYOQ: Varietal
Differences in and Cultural Practices for Upland Rice,
In: Rice Breeding and Varietal Improvement, Seminar
Proceedings, vol, 1, 35-73, Monrovia 1974 (mimeo),

DE DATTA, S.K.; R. FEUER: Soils on Which Upland Rice is
Grown. In: Hajor Research in Upland Rice, IRRI, 27-39,
Los Banos 1975,

DE DATTA, S.K.; B.S, VERGARA: Climats of Upland Rice Regions.
In: Major Research in Upland Rice, IRRI, 14-26, Los
Banos 1975,

DILLON, J.; J. ANDERSON: Allocativye Efficiency in
Traditiongl Agriculture and Risk. In: American Journal
of Agricultural Economics, 53, 1, 26-32, 1971,

(JOKOTO, R.K.: Results of some Fertilizer Trials on Upland
Rice in Ghana. In: The Ghana Farmer 12, 3, 104-110, 1968,



- 224 -

our le riz sec. In: L'Agronomie

DOBELMANN, J.-P.: Plaidoyer p
1118-1125, 1966.

Tropicale 2%, 10,

DOBELMANN, J.-P,; M. FALAIS: La culture pluviale du riz
dans le nord-ouest de Madagascar en 1966-67. In:
L'Agronomie Tropicale 23, 1, 13, 1968.

DOPPLER, W.: Tow»rds a General Guideline of Irrigation
Water Charging Policy. In: Agricultural Administration
4, 2, 121-129, 1977.

DOPPLER, W.; H.H. WALKER: Neuere Ansidtze bei der Evaluierung
landwirtschaftlicher Entwicklungsprojekte. In: Ent-
wicklung und landlicher Raum, 11, 1, 10-15, 1977,

DOZON, J.-P.: Autochtones et allochtones face au
développement de la riziculture iriguée dans la région de
Gagnoa. Rapport provisoire, Abidjan 1974 (mimeo).

DUE, J.M.; W. WHITTAKER: The Estimated Cost of Mechanical
Cultivation of Rice in Sierra Leone and Suggestions for
Cost Reduction. In: Economic Review (Freetown) 6, 1-3,
1-17, 1971,

ESPIG, G.; A, FRITZ; H.E. JAHNKE; H. LANG; H. SAUERMILCH:
Gutachten iiber den geplanten Ausbau der landwirtschaft-
lichen Forschungsstation Nyankpala in Nordghana unter
besonderer Beriicksichtigung der Moglichkeit einer Be-
teiligung und Finanzierung durch die Bundesrepublik
Deutschland. Hohenheim 1975 (mimeo).

FAO/SIDA: Report on the FAO/SIDA/ARCN Regional Seminar on
Shifting Cultivation and Soil Conservation in Africa.
FAO, Rome 1974,

FAO: Porduction Yearbook 1975. Rome 1976 a.

FAO: Trade Yearbook 1975. Rome 1976 b.

FISCHER, K.; H. LANG; W. VON WATZDORF: Projektevaluierung
Ghanaian-German-Agricultural Development Project,
Northern and Upper Regions. Hamburg 1975 (mimeo).

FRINKE, G. (Ed.): Nutzpflanzen der Tropen und Suptropen,
2 Vols,, Leipzig 1967,

FRIEDRICH, K.H.: Manual for Farm Management Investigations
in Developing Countries. FAO, Rome 1971.

GAUDY, M.: Manuel d'agiculture tropicale. Paris 1959,

GERDAT: Intensification de 1'agrosystéme en cultures
assolées dans le Centre de la Cote d'lvoire. Bilan des
résultats de la recherche. Bouaké 1975 (mimeo).



- 225 -

GlGou, 4.: Etude de 1a pluviosité en Cote d'Ivoire,
Application 3 la riziculture pluviale, In: L'Agronomie
Tropicale, 28, 9, 858-87¢6, 1973,

GITTINGER, P.d.: Economic Analysis of Agicultural Projects.
Baltimore/London 1972,

GNIELINSKI, S. VON: Die Intensivierung des Reisanbaus in
Liberia als wichtiger Schritt zur Aktivierung der
bduerlichen Landwirtschaft. In: Die Erde, 102, 2/3,
227-236, 1971,

GOLDMAN, R.H.: Staple Food Self-Suffiency and the Distriby-
tive Impact of Malaysian Rice Policy. In: Food Research
Institute Studies 13, 3, 251-294, 1975,

GRAY, R.: & Report on the Conference. In: Journal of
African History 3, 2, 175-191, 1962,

GREENLAND, D.J.: Bringing the Green Revolution to the
Shifting Cultivator, [ITA, Ibadan 1975 (mimeo}),

GREEHLAND, D.J.; R. HERRERA: Patterns of Use of Tropical
Forest Ecosystems. 4, Schifting Cultivation angd Other
Agricultural Practices. IITA, University of Reading,
no year,

GRETZMACHER, R.: Untersuchungen iber die Moglichkeit einer
mechanisierten landwirtschaftlichen GroBproduktion im
East Central State (Nigeria). In: Die Bodenkultur, 28,
3, 303-324, 1977,

GRIST, D.H.: Rice, 3rd edition, London 1959,

GUINARD, A.: Le systéme cultural de 13 région de Man
(Cdte d'Ivoire), In: L'Agronomie Tropicale, 16, 2,
148-178, 1961,

HADOAD, G.; S. SEGUY: Le riz pluyis] dans le Sanegal
méridional, Bilan de quatre annaes d'expérimentation
(1966-1969), In: L'Agronomie Tropicale 27, 4, 419-461,
1972,

HAERINGER, Ph.: Géographie des Cultures vivrigdres de base
en Cdte d'Ivoire. ORSTOM, Abidjan 1969 (mimeo).

HANF, E.: Ober Entscheidungsregeln bei Unsicherheit, Diss,,
Universitat Hohenheim 1969,

HAVINDEN, M.A.: The Story of Crop Cultivation in West Africa:
Bibliographical Guide. In: Worild Agricultural Ecomomics
and Rural Sociology Abstracts 17, 8, 423-437, 1975,



- 226 -

EAX, H.: Investitionstheorie. Wiirzburg, Wien 1970.

HERDT, R.W.; T.A. CACSINA: The Domestic Resource Cost of
Increasing Philippine Rice Production, In: Food Research
Institute Studies 15, 2, 213-232, 1976.

HUNTER, G.: Employment Policy in Tropical Africa: The Need
for Radical Revision. In: International Labour Office:
Employment in Africa, Geneva 1973.

Improvement of Upland Rice in West Africa, no year (mimeo).

INTSIFUL, J.K.,: Upland Rice Farming in Ghana. In: The Ghana
Farmer 13, 1, 26-33, 1969,

JACQUOT, M.: Quelquec observations sur 1'influence du milieu
dans les cultures de riz pluvial. In: L'Agronomie
Tropicale 27, 10, 1007-1021, 1972.

JACQUOT, M.: Amélioration variétale du riz & 1'IRAT en C&te
d'Ivoire. Séminaire sur 1'amélioration vari&tale, WARDA,
15-20 Jan,. Monrovia 1973 (mimeo).

JANZEN, D.H.: Tropical Agroecosystems. In: Science 182,
1212-1219, 1973,

JAN, P,: Essais pour la sélection d'herbicides du riz
pluvial en C6te d'lvoire, In: L'Agronomie Tropicale 28,
5, 570-575, 1973.

JENKINSON, D.S.; A, AYANABA: The Humid Tropics: Can Better
Farming Systems Feed More People? In: Span 19, 2, 70-72,
1976.

JOHNSTON, B.F.: Competition among Staple Foods in Africa
with Special Reference to Consumption Trends of Rice and
Wheat, FAO, Rome 1964.

JONES, M.J.; A, WILD: Soils of the West African Savanna.
The Maintainance and Improvement of Their Fertility.
Technical Communications No. 55, Commonwealth Bureau of
Soils, Harpenden 1975,

JORDAR, H.D.: Upland Rice - Its Culture and Significance in
Sierra Leone. In: International Rice Commission News-
letter 13, 2, 26-29, 1964,

KALLON, M.: The Economics of Rice Production in the Inland
Valley Swamps of Sierra Leone. M,A., Thesis, University
of Illinois, 1971.

KARR, G.L.: The Costing of Mechanical Cultivation for Sierra
Leone Agriculture, In: World Crops 12, 6, 317-319, 1972,



- 227 -

KARR, G.L.; A.0, NJOKU; M.F. KALLON: Economics of the
Upland and the Inlang Valley Swamp Rice Production
Systems in Sierra Leone, [p- IMinois Journal of
Agricultural Economics 1, 12-17, 1972,

KASTNER. W.: Erfahrungen bei der Schétzung gesamtbetriep-
licher Produktionsfunktionen aus der Bucthhrungs-
statistik. [n: REISCH, E, (Hrsg.,): Quantitatiye Methoden
in den Wirtschafts- und Sozia]wissenschaften des Land-
baues, Schriften der Gesellschaft fiir Nirtschafts- und
Sozia]wissenschaften des Landbayes e.V., vor. 4, MUnchen,
Basel, Wien 1967,

KEHRBERG, E.W.; E, REISCH; wirtschaftslehre der land-
wirtschaft]ichen Produktion. Miinchen, Basel, Wien 1969,

KHAN, A.u. . Agriculturaj Mechanisation: The Tropical
Farmers: Dilemma, In: Worilyg Crops 24, 4, 208-213,1972.

KHAN, E.J.A.: Mechanizeq Rice Production in the Accra Plains,
In: The Ghana Farmer 12, 4, 167-171, 1968,

KLINE, C.K, et al,: Agricultyral Mechanisation in Equatorial
Africa, Research Report no, 6, Institute of Internationa]
Agricu]ture, Michigan State University, East Lansing
1969,

KOHNE, M. Theorie der Investition in der Landwirtschaft.
In: Berichte ipep Landwirtschaft 182, Sonderheft, Ham-
burg, Berlin 1966,

KRUTILLA J.V.; A.c, FISCHER: The Economics of Natural
Environment, Studies in the Valuatign of Commodity ang
Amenity Resources, Ba]timore, London 1675,

KORTEN, P, . Reis - Anbay und Diingung auBerhalp Ustasiens,
Ruhr—Stickstoff AG, Bochum 1954

KUNG-HSIEN WU, c.; YU-KANG MAQ: Interregional Comparatiye
Advantage of Rice Production ip Taiwan, [np. Food
Research Institute Studies 15, 2, 233-255, 1976,

LAGEMANN, J.; J.cC. FLINN; H. RUTHENBERG: Land Use, Soil
Ferti]ity and Agricultura] Productivity 3s Influenced by

Population Density in Eastern Nigeria, [n: Zeitschrift
fir ausldndische Landwirtschaft 15, 2, 206-219, 1976,

LAGEMANN, 4. Traditiona) African Farming Systems in
Eastern Nigeria, An Analysis of Reaction tg Increasing
Population Pressure. Afrika-Studien Nr. 98, Miinchen 1977,



- 228 -

LANG, H.: Semi-Mechanized Upland Cultivation in African
Small-Scale Farms - Experiences of the Ivory Coast, In:
Zeitschrift fir auslindische Landwirtschaft 15, 2,
220-233, 1976,

LANG, H.: NaBreis versus Trockenreis in Westafrika - Exten-
sivierung versus Intensivierung unter den Bedingungen der
humiden Tropen. In: ANDREAE, B. (Hrsg.): Standortprobleme
der Agrarproduktion. Schriften des Vereins fir Wirtschafts-
und Sozialwissenschaften des Landbaus e.v., Vol. 14,
323-334, Miinchen, Bern, Wien 1977.

LANG, H.; R, BARTSCH: Evaluation de 1'intérét économique de
méthodes culturales améliorées en ¢ adition d'incertitude
climatique - présentée 4 1'exemple de la région Centre en
Cote d'lIvoire. In: L'Agronomie Tropicale 32, 3, 248-256,1977,

LE BUANEC, B.: Dix ans de culture motorisée sur un bassin
versant du Centre Céte d'Ivoire. In: L'Agronomie
Tropicale 27, 11, 1131-1209, 1972.

LE BUANEC, B.: Difficultes de 1'2laboration du "conseil de
fumure" dans les pays en voie de développement d'Afrique
de 1'Quest. WARDA, Séminaire sur la fertilite des sols
et l'utilisation des enarajs, 22-27 Jan. Monrovia 1973
(mimeo),

LE BUANEC, B.: La riziculture pluviale en terrain drainé.
Situation, problémes et perspectives., In: L'Agronomie
Tropicale 30, 4, 356-381,1975 a.

LE BUANEC, B.: Notes d'agriculture ivoirienne, Premiére
Partie: Les cultures assolées de sols non-hydromorphes,
Ministére de l1a RechercheScientifique, IRAT, Bouaké
1975 b (mimeo).

LE GRAZ, J.: Premiers résultats obtenus sur les essais de
défrichement en Casamance, C.N.R.A., Divisicn du
Machinisme Agricole et Génie Rural, Bambey 1370 (mimeo).

LINN, J.F.: Evaluation économique et sociale des projets:
Cas de 1a C6te d'Ivoire. Banque Mondiale document de
travail no. 253, Washington 1977,

LITTLE, K.L.: The Mende Rice Farm and its Costs. In: Zaire
5, 3, 227-273, 371-380, 1951,

LITTLE, 1.M.D.; J.A. MIRRLEES: Manual of Industrial Project
Analysis in Developing Countries. Vol. 11, Social Cost
Benefit Analysis. Paris 1969,

LITTLE, 1.M.D.; J.A. MIRRLEES: Project Appraisai and
Planning for Developing Countries. London 1974,



- 229 -

LITTLE, T.M.; FL.J.HILLS: Statistical Methods in Agricultural
Research, Riverside/Davis 1972,

LOW, A.R.: Decision Making Under Uncertainty: A Linear
Programming Model of Peasant Farmer Behavior., In;:
Journal of Agricultural Economics 25, 3, 311-321, 1974,

MANNING, H.L.: Confidence Limits of Expected Monthly Rain-
fall. In: The Journal of Agricultural Science 40, 172,
169-176, 1950,

MAYER, J.: Brésil, Afrique, Madagascar: Le riz pluvial ou
de nappe s'adapte aisément. In: Techniques et déve-
loppement 2, 24-38, 1972.

MAYER, J.; R. CHABROLIN: Faut-il réhabiliter le riz pluvial?
In: Techniques et développement 1, 34-40, 1972,

Mc COURTIE, W.D.: Traditional Farming in Liberia, Monrovia
1973,

Mc KAY, L.W.: Growing Liberian Rice Commercially, Liberian
Agricultural Cooperation, 1970 (mimeo).

Mc KAY, L.W.: Commercial Rice Uniroyal LAC 5 and 23.
Liberian Agricultural Cooperation, 1971 (mimea) .

MINISTERE DE LA COOPERATION: C6te d'Ivoire, donnges
statistiques sur Jes activites économiques, culturelles
et sociales, Paris 197g,

MISHAN, E.J.: Elemente der Kosten-Nutzen-Ana]yse. Frankfurt
1975,

MITRA, A.K.: Prcduction, Production Requirements. Costs and
Returns of Crops in the Western Area of Sierra Leone,
FAO/UNDP, (Freetown) 1970,

MOHR, B.: Die Reiskultur in Westafrika. Afrika Studien
Nr. 44, Miinchen 1969,

MONKE, E.; S.R. PEARSON; N. AKRANASEE : Comparative Advantage,
Government Policies and International Trade in Rice,
In: Food Research Institute Studies 15, 2, 257-283, 1976,

MOODY, K.: Weed Control Systems for Upland Rice Production.
Expert Consultation Meeting on the Mechanisation of Rice
Production, IITA, 10-14 June, Ibadan 1974 {(mineo) .

MOORMAN, F.R.; H.P.F. CURFS; J.C. BALLAUX: Classification of
Conditions Under Which Rice is Grown in the Tropics with
Special Reference to Mechanisation in West Africa. Expert
Consultation Meeting on the Mechanisation of Rice Pro-
duction, IITA, 10-14 June, lbadan 1974 (mimeo),



- 230 -

MORGAN, H.E.G.: The Mechanical Cultivation of Rice in the
Grassland of Sierra Leone. In: Sols Africains 10, 1,
117-121, 1965.

MOSCARDI, E.R.: A Behavioral Model for Decision Under Risk
Among Small-Holding Farmers, Ph. D. Diss,, University of
Cairfornia, Berkeley 1976,

MOUTON, J.A.: Riziculture et déforestation dans la région de
Man, Cote d'lvoire. In: L'Agronomie Tropicale 14, 2,
225-231, 1959,

NICOU, R.; J.F. POULAIN: Les effets agronomiques du travail
du sol en zone tropicale séche. In: Machinisme Agricole
Tropicale 37, 35-41, 1972,

NJOKU, A.: Labor Utilization in Traditional Agriculture:
The Case of Siera Leone Rice Farms. Ph. D. Diss.,
University of I1linois, Urbana-Cempaign 1971,

NEUMANN, J. VON; 0. MORGENSTERN: Theory of Games and
Economic Behavior, Princeton N.J. 1947,

NOETINGER, C.: Moisonnage-battage du riz en culture
pluviale & Safa {Casamance). In: Riz et Riziculture 7, 1,
25-29, 1961.

OBOH, D.0.: Farm Management Practices in Upland Rice Farming
in Western Ishan District of the Midwest State of Nigeria,
MS Thesis, University of Ibadan, Ibadan 1970.

ORSTOM: Contraintes agronomiques dans les systémes culturaux
semi-mécanisés de 1a région Centre-Oberservations de
1'année 1974 sur les ensembles du secteur de Beoumi de
1'Autorité pour 1'Aménagyement de la Vallée du Bandama,

3 Vols., Abidjan 1975 {mimeo).

ORSTOM: Contraintes agronomiques dans les systémes culturaux
semi-mécanisés de la région (entre. Mise en &vidence et
analyse des coniruintes ¢gronomiques liées aux temps de
travaux manuels dans le cadre du Systéme cultural de
1'AVB au cours de la campagne 1975-76., (Y. ROUBARDEAU),
Abidjan 1976 (mimeo).

0SIFO, D.E.; Q.B.0. ANTHONIO: Costs arnd Returns: A Study of
Upland Paddy Production Under ~aditional Farming
Conditions in the Wasimi and "lara Areas of the Western
State of Nigeria, In: The Nigerian Journal of Economic
and Social Studies 12, 3, 303-314, 1970,

0SI1FO, D.E.: Economics of the Rice Industry of the Western
State of Migeria. NISER, unpublished report, Ibadan
1971,



- 231 -

PAPDAKIS. J.: Crop Ecologic Surve
Ivory Coast, Ghana, Togo, Daho
Rome 1966,

PAYR, g.. Fﬁrderung und Bera
in Sa]ima/Ma]aw

PEARSON. S.R.; N, AKRASANEE; G.C
vantage in Rjce Production

tion. Inp; Food Research In
1976,

Y in West Africa: Liberia,
mey, Nigeria, Vol.1, FAOQ,

tung traditioneller Kleinbayern
i. Afrika-Studien Nr. 96, Miinchen 1977,

.C. : Comparative Ad-
A Methodo]ogica] Introduc-

Stitute Studies 15, 2, 128-138,

PIESCH, W.: Statistisch
schaftliche Abhand)

PONNAMPERUMA, F.N.: Upland and Low]

dper presenteq at the Ip
Apri 23-27, IRR]

e KonzentrationsmaBe.TUbinger Wissen-
ungen, voi, 18, Tibingen 1975,

and Rice: Terminology.
ternational Rice

Conference

» Los Banog 1973 (mimeg) .

PORTERES, P.: Notes sur la riziculture indigene du Nord-
Ouest forestiep de la Cate d'lvo

Comitea d'Ety

ire, In.
Occidentale

des Historiques et Sc

Bulletip du
Francaise, 18, 1,

: gricultures de I'Afrique intertro-
picale, Centres d'grigs e diversificatio

imai ceaux d'agriculture dintérieurs 4y XVIie
gronomie Tropica

Siécle, [p. L'A le, 5, 9/10, 489-507,
PROJET pg DEVE

LOPPEMENT RURAL pf LA REGION pE Tousa:
No year (mimeo),

RCI, MINISTERE pE L'AGRICULTURE,

eveloppement Agricole: Etude
riors de ]'Ouest.

Zones Teprpri
"

Direction Générale du
gique deg Ter-
d'ensemble des
et de Man, Sociatea
» Sociata de Coopération,
(mimeo)

RCI,MINISTERE DE L

AGRICULTURE .,
Zone de Blolequi

Developpement rural de J,
n Zoukougbeu, Rapport d'étude, 1974,
RCI, MINISTERE DE L'AGRICULTURE:
'

Recencement National de
agriculture, Résultats de la zgpe Sud, tableayx mécang-
graphiques 1673-75,

RCI, MINISTERE DE L'AGRICULTURE:
'Ouest, Terroirs de 1'0uest
reports 1966-74 (mimeo) .

s MINISTERE DU PLAN: Etude régionale de Bouake 196.
» 4 Vols,, no year (1966),

Direction Départmentale de
» Rapport annuel

RC1I



- 232 -

RCI, MINISTERE %U PLAN: Plan quinquennal de développment
économique, social et culturel 1971-1975, 1971,

RCI, MINISTERE DU PLAN: Essai d'estimation des revenus
agricoles. Abidjan 1972 (mimeo).

RCI, MINISTERE DE LA RECHERCHE SCIENTIFIQUE/IRAT: Division
d'Agronomie, Rapport annuel, Bouaké,
A1l reports 1966-1975 (mimeo).

RCI, MINISTERE DE LA RECHERCHE SCIENTIFIQUE/IRAT: Fiches
des varietes de riz {B.LEDUC). Bouaké 1974 (mimeo).

RCI, MINISTERE DE LA RECHERCHE SCIENTIFIQUE/GERDAT: Division
d'agro-gconomie en régions de savane: Rapport de synthése
1976, 2 Vols., Bouaké 1977 (mimeo),

REISCH, E.; J. ZEDDIES: Einfihrung in die landwirtschaft-
liche Betriebslehre. Spezieller Teil. Stuttgart 1977,

RENAUT, G.: Contrubution & 1'&tude du désherbage du riz
pluvial en Céte d'Ivoire. In: L'Agronomie Tropicale 27,
2, 221-228, 1972,

RENAUT, G.: La culture du riz en (Gdte d'Ivoire. IRAT,
Bouaké 1974 (mimeo).

ROEMER, M.M.;J.J. STERN: The hppraisal of Development Pro-
Jects., A Practical Guide to Project Analysis With Case
Studies and Solutions. New York, London 1975,

ROGERS, E.M.: Diffusion of Innovations, New York 1962,
ROGERS, E.M.: Modernisation Among Peasants, New York 1969,

ROOSE, E.: Dix années de mesure de 1'érosion et du ruis-
sellement au Sénégal. In: L'Agronomie Tropicale 22, 2,
123-152, 1967.

RUTHENBERG, H.: Probleme des Ubergangs vom Wanderfeldbauy
und semipermanenten Feldbau zum permanenten Trocken-
feldbau in Afrika siidlich der Sahara. In: Agrarwirt-
schaft 14, 1, 25-32, 1965,

RUTHENBERG, H.: The Economics of Introducing Fertilizer,
In: Proceedings of the VIIth Colloquium of the Interna-
tional Potash Institute, 175-184, Bern 1969,

RUTHENBERG, H,: Landwirtschaftliche Entwicklungspolitik,
Zeitschrift fir auslindische Landwirtschaft, Materia)-
sammlung Heft 20, Frankfurt 1972,

RUTHENBERG, H.: Types of Organisation in Agricultural Pro-
duction Development. In: Zeitschrift fiir auslindische
Landwirtschaft 12, 3/4, 234-244, 1973,



- 233 -

RUTHENBERG, H.: Farming Systems in the Tropics. 2nd ed.,
Oxford 1976 a.

RUTHENBERG, H.: Farm Systems and Farming System. In: Zeit-
schrift fiir auslindische Landwirtschaft 15, 1, 42-45,
1976 b.

RUTHENBERG, H.: The Adoption of Agricultural Production
Services to Changing Circumstances: Some Considerations
based on the Experience with Projects in Tropical Africa,
In: Agricultural Administration 4, 2, 131-148, 1977 a.

RUTHENBERG, H.: Ein Rahmen zur Planung und Beurteilung land-
wirtschaftlicher Entwick]unqsprojekte. Zeitschrift fur
ausldndische Landwirtschaft, Materia]samm]ung Heft 27,
Teil 1, Frankfurt 1977 b.

RUDENAUER, M., H. RUTHENBERG: Ein Rahmen zur Planung und
Beurteilung landwirtschaftlicher Entwicklungsprojekte.
Teil 2: Die Beurteilung der Wirtschaftlichkeit eines
landwirtschaftlichen Entwicklungsprojektes. Darstellung
der Methode am Beispiel des Beratungsprojektes AMILAS
im Staate Iwalam, Zeitschrift fiir ausldndische Landwirt-
schaft, Materialsamm]ung Heft 27, Teil 11, Frankfurt 1977,

SACHS, L.: Angewandte Statistik. 4. Aufl., Berlin, Heidel]-
berg, New York 1974,

SABEL, H,: Grundlagen der Hirtschaftlichkeitsrechnung.
Berlin 1965,

SATMACI: Programme de développement de ]a riziculture en
Cote d'Ivoire pour 1a Période 1969-1975, 1958 (mimeo).

SCHNEIDER, D.: Investition und Finanzierung. Opladen 1971,

SCHUNWALDER, H.: Zur Rentabilitat des Reisanbaus in West-
afrika, In: Africa Spectrum 1, 45-58, 1968.

SCHULTZ, Th. W.: Transforming Traditional Agriculture.
New Haven, London 1964,

SCHULZ, M, L'introduction et 1a diffusion des innovations
agricoles dans les zones d'action: Les terroirs du
Centre-Quest at de 1'0uest/C.I.,1968 (mimeo),

SCHULZ, M. Landwirtschaftliche Neuerungsverbreitung an der
Elfenbeinkiiste, SSIP-Schriften Nr. 18, Saarbriicken 1973,

SCHWARTZ, A.: Tradition et changement dans 13 société Guére
(Cate d'Ivoire). Memoire ORSTOM No. 52, Paris 1971,

SCOTT, M, FG.; J.D. McARTHUR; D.M.g, NEWBERY: Project
Appraisal in Practice, London 1976,



- 234 -

SIAMWALLA, A.: A History of Rice Policies in Thailand.
In: Food Research Institute Studies 14, 3, 233-250, 1975.

SIBAND, P.: Etude de 1'&volution des sols sous culture tra-
ditionelle en haute Casamance. In: L'Agronomie Tropicale
27, 5, 574-591, 1972,

SIEGEL, S.: Nonparametric Statistics for the Behavioral
Sciences., New York, Tokio 1956.

SMITH, R.L.: The Ecol
1

gy of Man: An Ecosystem Approach,
New York, London 1¢

)
9
SODFRIZ (Société pour le Developpement de la Riziculture):

Projet de developpement de la riziculture irriguée en
zone forestiere, 2é phase 1975-1978, 1974,

SODERIZ: Rapport annuel. Abidjan,
all reports 1974-1976.

SODEFOR: Approche d'une actualisation des resultats des
inventaires de 1966. Abidjan 1975 (mimeo).

SPENCER, D.S.C.: Making Optimal Use of National Resources.
The Case of the Drive for Self-Sufficiency in Rice Produc-
tion in Sierra Leone. In: The Sierra Leone Agricultura)
Journal 3, 1, 3-17, 1974 a.

SPENCER, D.S.C.: The Impact of Large Tractor Mechanisation
on Rice Production and Employment in Sierra Leone - Some
Preliminary Findings. Paper presented at the Fourth Annual
Conference of the Agricultural Society of Sierra Leone,
September 12-15, Port Loko 1974 b (mimeo).

SPENCER, D.S.C.: The Economics of Traditional and Semi-tradi-
tional Systems of Rice Production in Sierra Leone. In:
Seininar Proceedings: Socio-economic Aspects of Rice Cul-
tivation in West Africa, WARDA, 12-27, Monrovia 1975 a.

SPENCER, D.S.C.: The Economics of Rice Production in Sierra
Leone. 1. Upland Rice. Department of Agricultural Econo-
mics and Extension. Njala University College, Bulletin
No. 1, 1975 b.

SPENCER, D.S.C.; D, BYERLEE: Technical Change, Labor Use and
“nall farmer Development, Evidence from Sierra Leone.
In: American Journal of Agricultura) Economics, 58, 5,
874-880, 1976.

SPENCER, D.S.C.; D. BYERLEE: Small rarms in West Africa: A
Descriptive Analysis of Employment, Incomes and Producti-
vity in Sierra Leone. African Rural Economy Program,
Working Paper No., 19, Njala, East Lansing 1977,



- 235 -

SQUIRE, L.H.; H.G. van der TAK: Economic Analysis of Pro-
Jects, Baltimore, London 1975,

STATION EXPERIMENTALE AGRICOLE DE BOUAKE: Rapport technique
1964 - Les riz pluviaux. Bouaké 1965 (mimeo).

STEPHENS, D.: Fertilizer Trials on Peasant Farms in Ghana.
In: Empire Journal of Experimental Agriculture 28, 109,
1-15, 1960,

TIMMER, P.L.: The Political Economy of Rice in Asia: Indone-
sia. In: Food Research Institute Studies 14, 3, 197-232,
1975,

TOURTE, R.; J.C. MOOMAW: Traditional African Systems of
Agriculture and Their Improvement. In: Leakey, C.L.A.,
J.B. Wills (Ed.): Food Crops of the Lowland Tropics,
295-312, Oxford 1977,

TSCHIERSCH, J.E.: AngepaBte Formen der Mechanisierung biuer-
licher Betriebe in Entwicklungslandern. Forschungsstelle
fiir Internationale Agrarentwicklung, Heidelberg 1975,

TURNHAM, D.: The Employment Problem in Less Developed Coun-
tries: A Review of Evidence. Development Centre Studies,
Employment Series No. 1, 0ECD, Paris 1971,

UEXKOLL, H.R.: Reis in Asien - Probleme und Miiglichkeiten
einer Produktionssteigerung. In: Zeitschrift fir auslan-
dische Landwirtschaft 8, 3, 248-259, 1969,

UHLIG, H.: Le remplacement de la culture itinérante sur
brulis, Etude géographique des transformations économiques
et sociales en Asie tropicale: L'exemple de Sabah et Sara-
wak (Malaisie)., In: Travaux et Documents de Géographie
Tropicale, Domaine Universitaire de Bordeaux 20, 371-388,
1975,

UNIDO: Guidelines for Project Evaluation. New York 1972,

UPTON, M.; H. CASEY: Risk and Some Pitfalls in the Use of
Averages in Farm Planning. In: Journal of Agricultural
Economics 25, 2, 147-152, 1974,

USAID: Le riz en Afrique de 1'Quest. Washington 1968,

VAN SANTEN, C.E.: Smallholder Farming in the Foya Area 1971 -
Based on a Socio-Economic Farm Survey. Farm Management
and Production Economy Working Paper No. I, Monrovia
1972 a (mimeo).

VAN SANTEN, C.E.: Tentative Economic Appraisal of Rice Pro-
duction - Foya Project. Farm Management and Production
Economy Working Paper No, IIl, Monrovia 1972 b (mimeo) .



VAN SANTEN, C.E.: Smallholder Farming in the Gbarnga
District - Bong County 1972 - Based on a Socio~-Economic
Farm Survey. Farm Management and Production Economy
Working Paper No. II, Monrovia 1973 (mimeo).

VAN SANTLN, C.L.: Selected Economic Aspects of Rice Produc-
tion in Liberia. FAO, Rome 1974,

VIRICELLE, E.: Exploitation paysanne moderne de la savane.
AVB, no year.

WALTER, H.; H. LIETH: Klimadiagramm Weltatlas. Jena 1960,

WARDA (West Africa Rice Development Association): Le riz
en Afrique de 1'Ouest. Monrovia 1974 (mimeo).

WARDA: Rice Statistics Yearbook. First Edition, Monrovia
1975 a.

WARDA: Varieteés de riz recommandées dans la région de
1'ADRAO, Monrovia 1975 b (mimeo) .

WARDA: Large Scale Mechanized Rice Production in Northern
Ghana. Case Study No. 3, Monrovia 1977 (mimeo).

WHITTAKER, J.A.: The Economics of Mechanical Cultivation of
Rice Lands in Sierra Leone. Ph.D. Thesis, University of
IMlinois, 1971.

WHYTE, R.0.: Land and Land Appraisal, The Hague 1976.

WILHELMY, H,: Reisanbau und Nahrungsspielraum in Siidostasien.
Kiel 1975,

WILLS, J.B.: Agriculture and Land Use in Ghana. London 1962,

WILSON, J.; L. DICKINSON; A.J. CARPENTER: Fertilizer Trials
on Upland Rice in Liberia. Seminar on Rice Soil Fertility
and Fertilizer Use, WARDA, 22-27 Jan., Monrovia 1973
(mimeo).

WINCH, F.E.: Costs and Returns of Alternative Rice Produc-
tion Systems in Northern Ghana: Implications for Output,
Employment and Income Distribution., Ph.D. Diss., Michi-
gan State University, East Lansing 1976,

WOLGIN, J.: Resource Allocation and Risk: A Case Study of
Smallholder Agriculture in Kenya. In: American Journal
of Agricultural Economics 57, 4, 622-630, 1985,



1 Kiermayr

2 Kithn

3 Albrecht

3 Albrecht

4 Ajam

S Mohnhaupt

6 Augustini

7 Philipp

8 Rafipoor
9 Wittmann

10 Hanisch

11 Tschakert
12 Tench

13 Kiang

Sozial6konomische
Schriften zur
Agrarentwicklung

ISSN 0342-071 X

Herausgegeben von
Professor Dr. Dr. Frithjof Kuhnen

Schriftleitung: Dr. Ernst-Giinther Jentzsch

Kredit im Entwicklungsprozef traditioneller Landwirtschaft in West-
pakistan. 1971. 322 S. DM 19,£0. ISBN 3-88156-009-2.

Absatzprobleme landwirtschatlicher Produkte in Westpakistan. Ein
Beitrag zur Binnenmarktforschung in Entwicklungslandern. 1971.
319 S. DM 19,50. ISBN 3-88156-010-6.

Lebensverhiltnisse landlicher Familien in Westpakistan, Eine Typisie-
rung landlicher Haushalte als Grundlage fur entwicklungspolitische
MaBnahmen. 1971. 328 S. DM 19,50. ISBN 3-88156-01j-2.

Living Conditions of Rural Families in Pakistan, A Classification of
Rural Households as a Basis for Development Policies. 1978, 265 S.
DM 19,50. ISBN 3-88156-059-9.

Kapitalbildung in landwirtschaftlichen Betrieben Westpakistans. 1971.
293 S. DM 19,50. ISBN 3-88156-012-2,

Landbevéikerung und Fabrikarbeit in Westpakistan. Berufswechsel
und Anpassung lindlicher Bevélkerungsgruppen an Fabrikarbeit,
1971. 283 S. DM 19 50. ISBN 3-88156-013-0.

Die Yao-Gesellschafl in Malawi. Traditionelles $0zio-6konomisches
Verhaiten und Innovationsméglichkeiten. 1974. 364 S. DM 19,50.
ISBN 3-88156-030-0.

Sozialwissenschaftliche Aspekte von landwirtschafflichen Siedlungs-
projekten in der Dritten Welt unter besonderer Berucksichtigung
tunesischer Projekte. 1974. 747 S. DM 38,~. ISBN 3-88156-031-9,

Das »Extension and Development Corps« im Iran. 1974. 284 S,
DM 19,50. ISBN 3-88156-032-7.

Migrationstheorien. Diskussion neuerer Ansatze aus system- und

verhaltenstheoretischer Sicht, 1975, 97 S.DM8,-.ISBN 3-88156-033-5.

Der Handlungsspielraum eines Landes der Peripherie im internatio-
nalen System, Das Beispiel Ghanas. 1975. 678 S, DM 39,-.
ISBN 3-88156-034-3.

Traditionales Weberhandwerk und sozialer Wandel in Athiopien. 1975.
279 + XXl S. DM 19,50. ISBN 3-88156-035-1

Socio-economic Factors Influencing Agricultural Output. With Special
Reference to Zambia. 1975, 309 p. DM 19,50. ISBN 3-88156-036-X.

Determinants of Migration from Rural Areas. A Case Study of Taiwan.
1975. 139 p. DM 9,50. ISBN 3-88156-044-0.

Verlag breitenbach Publishers
Memeler Strale 50, 6600 Saarbriicken, Germany
PO.B. 16243 Fort Lauderdale/Plantation, Fla 33317, USA

Vv



14 Schmidt

15 Buntzel

16 Dreskornfeld
17 Schulz

18 Aktas

19 de Lasson

20 Janzen

21 Thomas
22 Junker

23/24 Philipp

25 Bergmann
& Eitel

26 Mai
27 Schinzel

28 Martius

Sozial6konomische
Schriften zur
Agrarentwicklung

ISSN 0342-071 X

Herausgegeben von
Professor Dr. Dr. Frithjof Kuhnen

Schriftleitung: Dr. Ernst-Giinther Jentzsch

Vermarktungssysteme fiir landwirtschaftliche Produkte in Pakistan,
1976. 335 S. DM 19,50. ISBN 3-88156-045-9,

Entwickiung kleinbduerlicher Exporiproduktion in Tansania, Zur Agrar-
politik des Ujamaa-Ansatzes. 1976. 496 S. DM 29,50,
ISBN 3-88156-051-3.

Agrarstrukturwandel und Agrarreform in lran. 1976, 162 S. DM 15,-.
ISBN 3-88156-060-2.

Organizing Extension Services in Ethiopia - Before and After Revolu-
tion. 1976.94 S. DM 9,-. ISBN 3-88156-061-0.

Landwirtschaftliche Beralung in einem Bewdsserungsprojekt der
Sudtiirkei. 1976. 243 S, DM 19.50. ISBN 3-88156-062-9.

The Farmers' Association Approach to Rural Development. The
Taiwan Case. 1976. 422 S. DM 23,~. ISBN 3-88156-063-7.

Landwirtschaftliche Aktiengqsellschaften in Iran, Eine Fallstudie zur

jungeren Entwicklung der iranischen Agrarreform. 1976, 172 S,
DM15,-. ISBN 3-88156-064-5,

Probleme schneller industrialisierung in Entwicklungslandern aus
soziologischer Sicht. 1976. 123 S. DM 9,-. ISBN 3-88156-065-3.

Die Gemeinschaftsbetriebe in der kolumbianischen Landwirtschaft.
1976. 272 S. DM 19,50. ISBN 3-88156-066-1.

Geschichte und Entwickiung der Oase al-Hasa (Saudi-Arabien);

Band 1: Historischer Verlauf und traditionelles Bild. 1976. 362 S.
DM 23,-. ISBN 3-83156-071-8.

Band 2: Projekte und Probleme der Modernisierung. 1977. In vor-
bereitung. ISBN 3-88156-072-8,

Promotion of the Poarer Sections of the Indian Rural Population.
1976.107 S. OM 9,-. ISBN 3-88156-075-0.

D(Jngemittelsubventionierung im EntwicklungsprozeB. 1977, 2NnS.
DM 28,-.ISBN 3-88156-079-3,

Mzrktangebot und Absatzverhalten landwirtschattlicher Produzenten
it Punjab (Pakistan). 1978. 255 S. DM 25,-. ISBN 3-88156-084-X.

Entwicklungskonforme Mechanisierung der Landwirtschaft in Ent-
wicklungsladndern: Bangladesh, 1977. 249 S. DM 25,-.
ISBN 3-88156-085-8.

Verlag breitenbach Publishers
Memeler StraBe 50, 6600 Saarbriicken, Germany
PO.B. 16243 Fort Lauderdale/Plantation, Fla 33317, USA

%
/0“9



29 Martiug-
vori Harder

30 Lakanwal

31 Ecker

32 Bergmann

33 Paulini

34 MoBrann

35 Lang

Sozialokonomische
Schriften zur
Agrarentwicklung

ISSN 0342-071 X

Herausgegeben von
Professor Dr. Dr. Frithjof Kuhnen

Schriftleitung: Dr. Ernst-Gunther Jentzsch

Die Frau im landlichen Bangladesh. 1978.219 S. DM 22,-.
ISBN 3-88156-086-6.

Situationsanalyse landwirtschaftlicher Beratungsprogramme in Ent-
wicklungsidndern. 1978. 283 S. DM 29,-.ISBN 3-88156-109-9.

Schaf- und Ziegenhaltung im Punjab Pakistans, 1978.309S.DM 32, -,
ISBN 3-88156-110-2.

Agrarpolitik und Agrarwirtschaft sozialistischer L&nder. Zweite revi-
dierte Auflage. 1979. 365 S. DM 35, -, ISBN 3-88156-115-3.

Agrarian Movements and Reforms in India. The Case of Kerala. 1979,
650 p. DM 48,~. ISBN 3-88156-117-X.

Campesinos urd Ausbeutungsstrukturen im internationalen Konflikt-
feld. Das kolumbianische Beispiel. 1979.192 S, DM 20,-.
ISBN 3-88156-119-6.

The Economics of Rainfed Rice Cultivation in West Africa: The Case of
the Ivory Coast, 1979. 236 p. 5 maps. DM 26,-, ISBN 3-88156-135-8.

Verlag breitenbach Publishers
Memeler StraBe 50, 6600 Saarbricken, Germany
P.O.B. 16243 Fort Lauderdale/Plantation, Fla 33317, USA

0
7



1-12

13 Rott

14 Hamesse

14-E Hamesse

15 Tschiersch,
Britsch &
Horlebein

16 Groeneveld
(Hg.)

Occasional Papers

Materialien zur Reihe
Sozialdkonomische Schriften zur
Agrarentwicklung

ISSN 0342-0701

Herausgegeben von
Professor Dr. Dr. Frithjof Kuhnen

Schriftleitung: Dr. Ernst-Gunther Jentzsch

Vergritien, Teilweise noch erhaltlich bei:
tnstitut fiir ausléndische Landwirtschaft
der Georg-August-Universitét Gottingen,
Biisgenweg 2, D-3400 Gottingen

Kleinbauernim Transforimationsprozef desAgrarsektors. Das mexika-
nische Beispiel. 1978.43 S. DM 8,~-. ISBN 3-88156-098-X.

Urbane Einflisse auf Wohn-und Doristruktur in Indien. Fallstudie in
Koylee-Sorath (Gujarat State). 1978. 114 S,, 5 Abb. und 37 Bauplan-
skizzen. DM 12,-.1SBN 3-88156-107-2.

Urban Influences on Rural Housing and Living Patterns in India. 1979.
113 p. DM 12,-.1SBN 3-88156-120-X.

Landwirtschattliche Geréte in Entwicklungslandern. Determinanten
des Ger4tebedarisin derkleinbéuerlichenLandwinschaﬂ.1978.179 S.
DM 18.~. ISBN 3-88156-108-0.

Materialien zur China-Diskussion. Texte einer interdisziplindren Wis-
senschattlergruppe. 1979. 308 S. DM 30,-. 1SBN 3-88156-111-0.

Verlag breitenbach Publishers
Memeler StraBe 50, 6600 Saarbriicken, Germany
P.0.B. 16243 Fort Lauderdale/Plantation, Fla 33317, US.

LV



