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AbstractAbstractAbstractAbstractAbstract

This report presents a review of the crop–livestock systems of selected West and Central African
countries, with emphasis on the farming systems and soil fertility management practices involving
manure and crop residues. It also discusses the use of animal traction and the constraints to and
opportunities for crop–livestock integration. The information was acquired by visiting the targeted
countries and consulting the available literature in addition to holding intensive discussions with
researchers/farmers and making field visits. In the review, new methods such as a holistic approach
taking cognizance of farmers’ decision-making for certain technologies are considered imperative for
sustainable crop–livestock integration at the farm level of the West and Central African dry savanna.
It is also stressed that the consortium of four international centers––the International Crops Research
Institute for the Semi–Arid Tropics (ICRISAT), the International Institute of Tropical Agriculture
(IITA), the International Livestock Research Institute (ILRI), and the International Fertilizer
Development Centre (IFDC), with their NARS partners are the best implementers of such a strategy.

RésuméRésuméRésuméRésuméRésumé

Ce rapport présente une revue des systèmes mixtes agriculture-élevage de certains pays d’Afrique de
l’Ouest et du Centre et met l’accent sur les systèmes de production et les pratiques de gestion de la
fertilité du sol impliquant le fumier et les résidus culturaux. Il aborde aussi l’utilisation de la traction
animale de même que les contraintes et opportunités de l’intégration culture–élevage. Les
informations ont été obtenues lors des visites aux pays ciblés, en consultant la documentation
disponible, et par suite d’intenses discussions avec les chercheurs et paysans, et des visites sur le
terrain. Dans la revue, de nouvelles méthodes telles que l’approche holistique prenant en compte le
libre arbitre des paysans face à certaines technologies, sont jugées impératives pour une intégration
durable de l’association culture–élevage au sein des exploitations dans la zone de savane sèche de
l’Afrique de l’Ouest et du Centre. Il a été également souligné que le consortium des quatre centres
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internationaux, à savoir l’Institut international de recherche sur les cultures des zones tropicales
semi-arides (Icrisat), l’Institut international d’agriculture tropicale (Iita), l’Institut international de
recherche sur l’élevage (Ilri) et le Centre international pour le développement des engrais (Ifdc) et
leurs SNRA partenaires, sont mieux indiqués pour la mise en œuvre d’une telle stratégie.

IntroductionIntroductionIntroductionIntroductionIntroduction

The human population in sub-Saharan Africa (SSA) in 1990 was 489 million and it is

growing at an annual rate of 3.2%. It is projected to reach 1.3 billion by 2025 (Bulatao et

al. 1990). Per capita food production in SSA has meanwhile been declining.

Over the past 25 years, the numbers of all the major domestic animal species in SSA have

increased (Winrock 1992). Total tropical livestock units (TLUs) rose from 112 million in

1961–1963 to 168 million in 1986–1988 (TLU = 250 kg). The combined pressure of
human and animal populations on natural resources may lead, among other things, to

excessive deforestation, soil degradation, and loss of biological diversity. Restoring these

degraded lands may take decades, and for affected areas, effective and economic
methods of rebuilding their former productive capabilities may not even be available.

In view of the above factors, new and sustainable agricultural systems that not only

support increased food and feed production but also conserve the natural resource base
will have to be found, otherwise the millions of resource-poor farmers who depend

directly on these production systems will be adversely affected.

The potential problems outlined for SSA are more acute in the dry savanna region. This
region occupies more than 50% of the total land area, accounts for 57% of the cattle,

sheep, and goat populations of SSA; and has a low cropping potential/intensity and

fragile environment. The dry savannas are seasonally dry tropics and subtropics with
rainfall of 500–1000 mm (FAO 1993). It is anticipated that sustainable food production

in this harsh environment could only be achieved through crop–livestock integration. It is

against this background that researchers from selected countries in West and Central
Africa were assembled at this workshop to work out strategies for promoting sustainable

crop–livestock integration. Seven countries (Burkina Faso, Ghana, Mali, Niger, Nigeria,

Senegal, and Chad) are involved. These countries were selected because their national
research activities, farming systems, and agroecological zones relate to the mandates of
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the four international centers that developed the concept of the workshop (Icrisat, Iita,
Ilri, and Ifdc) and the existing partnerships amongst the stakeholders. Representatives

from each country provided a report on the crop–livestock systems of their countries. The

final objective of the workshop was to develop a full funding proposal for integrated,
holistic, on-farm crop–livestock research. In order to complement these efforts, a

consultant was also appointed to review the major crop–livestock systems of West and

Central Africa, with emphasis on the following:

� major crop–livestock systems in the region

� soil fertility management (manure and crop residues)

� use of animal traction

� constraints to and opportunities for crop–livestock integration.

This information was sourced by visiting all the selected countries and consulting the

available literature, holding intensive discussions with farmers/extension personnel/
scientists and making field visits.

Farming systemsFarming systemsFarming systemsFarming systemsFarming systems

The principal field crops are millet, sorghum, cowpea, pigeon pea, cotton, and groundnut

(Norman 1974; N’tare 1989; McIntire et al. 1992; INRAN 1996; Ngawara et al. 1996;

Williams et al. 1998). There are also garden crops such as tomatoes and okra, but few
perennials. Cereal–legume intercropping is the main cropping system. The cash crops are

groundnut mostly in the north and cotton in the south. Except for the cotton and vegetable

growers whose enterprises are profitable, small-scale farmers in the dry savannas do not
apply fertilizer. This means that most peasants are dependant on manure or traditional

approaches to soil fertility. Cropping usually takes place during the wet season but a

unique feature in Nigeria and Chad is the evolution of the dry-season cowpea in lowland
fadama and irrigated areas (Singh and Tarawali 1997) and the dry-season sorghum

(berbéré) usually transplanted in lowland areas (bas fonds) where the crop survives on

residual moisture. Both crops provide additional grain for humans and fodder for
livestock at the critical time of the dry season. In Nigeria, the areas growing dry-season

cowpea were formerly cultivated with wheat (especially in Kano State) where fertilizer

scarcity and high prices have forced growers to look for alternatives.



26

Improving Crop–Livestock Systems in West and Central Africa

It appears that throughout the dry savannas of West and Central Africa, the predominant

breeds of cattle are the Zebu in the north and the N’dama in the south. The small

ruminants are mostly sheep and goats, both the tall Sahelian type in the north and the
dwarf type usually found in the south. The bulk of feed for animals comes from natural

pasture. Cereal residues are available from November/December after grain harvest but

these are exhausted only after 3–4 months (February/March) (De Grandi 1996). Cowpea
haulms and other leguminous hay are cut and stored for feeding special animals such as

oxen, small ruminants, and donkeys (Agyemang et al. 1993). In Nigeria (dry-season

cowpea) and Chad (dry-season sorghum), additional grazing resources are available
from April and may last for 1 or 2 months. Since cotton is grown almost everywhere in

the dry savannas of the region, cottonseed cake is often exploited by some countries for

the supplementary feeding of animals. This resource is fairly cheap in countries such as
Chad but expensive in others such as Burkina Faso, Ghana, and Mali. In Cameroon

(although not participating in the study), a government policy precludes transporting

cottonseed cake from the north (main livestock producing area) to the south, where there
are fewer livestock. Such a measure keeps this important resource within the reach of the

farmers.

Another interesting practice in northern Ghana is that farmers defoliate maize tops and

cut leaves from standing maize (before grain harvest) to feed animals as a way of

alleviating the late wet season/early dry season feed stress partly caused by the restricted
movement of animals during the cropping season. A clear advantage of this method is

that the animals benefit from the more nutritious green material. Materials such as pigeon

pea are extensively used for feeding animals in northern Ghana.

Soil fertility managementSoil fertility managementSoil fertility managementSoil fertility managementSoil fertility management

Inherent poor fertility of the soil and low use of organic and inorganic fertilizers have

been identified as some of the greatest constraints to increasing agricultural productivity
in the West and Central African dry savannas. In intensively cultivated areas, the use of

chemical fertilizers alone to alleviate soil fertility leads to acidification (Bationo et al.

1995) and scientists have claimed that productivity in these farming systems could only
be maintained/sustained through the efficient recycling of organic material such as

manure or crop residues in combination with mineral fertilizers and by adopting
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rotations with grain legumes (cowpea and groundnut) and forage legumes such as

Stylosanthes.

Manure for soil managementManure for soil managementManure for soil managementManure for soil managementManure for soil management

The use of fertilizer by farmers in the dry savannas of West and Central Africa is

becoming limited while regular manuring is becoming more widespread. There are two

principal methods employed in manuring cropland: the most common method is
corralling whereby animals are penned overnight on fields (and moved around) between

cropping seasons. The second system, which is very popular in intensively cultivated

areas, is the stabilization technique whereby confined livestock deposit manure overnight
and the material is transported to crop fields by carts, bicycles, or human beings just

before the rains (Powell and Williams 1995). A modified version of this technique is

practiced in Senegal, whereby farmers build stables and select traction animals in the first
instance to deposit manure in constructed pits. This is mixed with straw to form compost,

which is then applied on crop fields at the beginning of the cropping season. This system

proved to be uneconomic with bulls alone, but has now been extended to include cows,
which have the advantage of producing manure, milk, and power. Industries have been set

up in certain areas of Senegal to promote this concept (Fall and Diouf 1998).

Generally, manure is applied on the surface of crop fields but in Burkina Faso, farmers
dig holes in the crop fields to deposit manure there and sow their crops during the rainy

season. This is a traditional method and is called Zai (Critchley 1991). Zai is the name in

the local Moore language and it describes wide and deep planting holes. These are
usually 15 cm deep, 30 cm in diameter, and spaced 90 cm apart. The Zai (holes)

accumulate run-off water which improves plant growth and the manure or compost in

each Zai further improves crop yields. It was reported that this technique can lead to yield
increases of about 40–60% in the first season and there is evidence that yields may

continue to rise for several years as fertile deposits are built on the fields. A similar

practice has been recorded in northern Cameroon for growing trees.

Though the Zai technique shows great promise in boosting/sustaining crop yields in the

dry savannas, it is only practiced by farmers who can afford the labor; also, not enough
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scientific data have been acquired to demonstrate its efficiency. Interestingly, the

Information Centre for Low-External-Input and Sustainable Agriculture (ILEIA), a
Dutch-sponsored organization mandated to promote low-input agriculture in developing

countries through NGOs, is currently conducting on-farm trials to study the efficacy of

the Zai system which the Ghanaian farmers had learned during a field trip to neighboring
Burkina Faso (ILEIA 1998a).

A lot of research has been conducted especially in Burkina Faso, Niger, Nigeria, and Mali

to demonstrate the beneficial effects of manure on crop yields and soil conservation.
Work done in Nigeria during the pre- and postcolonial eras showed that appreciable yield

increases could be achieved following the application of organic manure (Fig. 1)

(Lombin and Abdullahi 1977). The effects of applying manure and artificial fertilizers on
sorghum crops in Burkina Faso showed that the application of chemical fertilizers to

tropical soils leads to a stagnation of crop yields but a combination of manure and NPK

resulted in sustainable increases in crop yields (Fig. 2) (Sédogo 1993). In a 45-year-old
trial also conducted in Nigeria, it was clearly shown that the use of inorganic fertilizers

leads to a reduction in organic carbon levels and a decrease in cation exchange capacity

while manure as a soil amendment influences these parameters positively (Fig. 3)
(Agbenin and Goladi 1998). Research in Niger has also shown that corralling which

returns manure and urine to the soil results in greater crop yields than when manure is

applied alone (Fig. 4). Many related studies have ascertained the positive contribution of
manure to crop improvement and soil maintenance. (Key references are Powell and

Williams 1995 and Renard et al. 1998.) More recently, Schlecht et al. (1997) showed that

urination and defecation were highest at the time of getting up and watering. It was
therefore suggested that land management practices such as keeping the animals in

corralled fields for about 30 minutes after getting up and spreading litter near watering

points may allow better capture of manure and N for improving soil fertility.

Some of the problems associated with the use of manure in tropical agriculture are that

this resource is usually required in very large quantities to make a significant contribution

to crop yield and these amounts are usually not available. Also, because manure is bulky
and the amounts necessary to fertilize land efficiently are high, many farmers cannot

afford the labor and the relatively high transportation costs (Hesse 1996). These factors
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Figure 1. Long-term effects of manure treatments on crop yield in Nigeria.

Source: Lombin and Abdullahi (1977).
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Figure 2. Effect of applying manure and fertilizer on sorghum crops in Burkina Faso.
Source: Sédogo (1993).
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Figure 3. Effects of the constant use of manure and artificial fertilizer on savanna soils in Nigeria over
45 years.

Source: Agbenin and Goladi (1998).
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Figure 4. Effects of cattle feces and urine on pearl�millet grain yields in Niger.
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are an impediment to manure use. Because the potential of manure in terms of quantity is
limited, it is recommended that research concentrates on improving the quality of

manure. For instance, the effects of different animal husbandry practices, feeds, and

methods of manure storage on the quality of the feces should be investigated at the farm
level. Also strategic combinations of manure and fertilizer applications for sustainable

crop yields should be determined. In general, if manuring is practiced, then the next step

for successful crop–livestock integration is to improve on the use of manure.

Crop residues for soil managementCrop residues for soil managementCrop residues for soil managementCrop residues for soil managementCrop residues for soil management

The general crop residue management practice in the dry savannas of West and Central

Africa is that legume haulms are generally removed for animal fodder and cereal stover is
often grazed by cattle but utilization is never complete (Van Raay and de Leeuw 1971).

The unused residues are either gathered and burned or allowed to decay on the fields,

thereby contributing to soil fertility improvement. Basically, in Niger, all the crop
residues are cut from the fields and carried to feed animals. This is a unique situation as

hardly any crop residues are left on the field for soil improvement (Mrs M. Dicko,

personal communication). Also in Ghana, virtually all crop residues are used for feeding
animals and for fuel. A new system that is emerging in Mali is that farmers cut the

remains of stubble after crop residue grazing and take them to animal sheds where the

latter is mixed with manure and urine to form a rich compost which is applied on the
fields at the beginning of the rainy season (B. Traoré, personal communication).

Research in the region has illustrated the positive effects of various crop residue (CR)

management practices on grain yields and soil maintenance. In Nigeria, it was shown that
incorporated ash or chopped straw maintained exchangeable K and Mg and higher crop

yields, while the corresponding plots from which crop residues had been removed showed a

drastic reduction in these elements (Jones 1976; Bagayoko et al. 1996; Tables 1 and 2).

In Niger, Bationo et al. (1993) have reported a large positive and additive effect of CR and

fertilizer on millet while the control plots (no fertilizer; no CR) declined in yield,

emphasizing the need for soil amendments if crop yields are to be maintained on these
soils (Table 3). Applications of CR have also been found to increase soil organic matter
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Averages followed by the same letter are not significantly different (P < 0.05)
Source: Bagayoko et al. (1996).

Table 3. Effect of crop residue and fertilizer on pearl millet grain and stover
yields at Sadoré, Niger.

Grain yield (kg/ha)

Treatment 1983 1984 1985 1986
Control 280 215 160 75
Crop residue (no fertilizer) 400 370 770 745
Fertilizer 1040 460 1030 815
Crop residue plus fertilizer 1210 390 1940 1530
LSD0.05 260 210 180 200

Source: Bationo et al. (1993).

Table 1. Yields of maize grain and stover (kg/ha).

Grain Stover

Residue treatment Po P
1

Po P
1

Burn 2132 3397 5187 6437
Incorporate 2100 3314 4613 6315
Remove 1705 3260 4106 6143
S.E. (±) 213 336

All values are means of three replicates of two levels of nitrogen fertilizer.  Differences between nitrogen
levels and between phosphate levels were highly significant for both grain and stover.
Source: Jones (1976).

Table 2. Effect of crop residue treatment on sole cropped millet, Cinzana,
Mali, 1991�1995.

Millet residue treatment 1991 1992 1993 1994 1995

Removal 1265 1514 1392 b 1290 1860
Left on surface 1492 1720 1095 c 1293 1800
Incorporation 1413 1674 1596 a 1318 1908
CV % 22 24 30 24 15
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content (SOM), P availability, effective cation exchange capacity (ECEC), and pH
(thereby alleviating Al toxicity and Mo deficiency) (Bationo et al. 1993; 1995). CR also

leads to an increase in the total numbers of soil bacteria (Hafner et al. 1993) and decreases

soil temperatures (Buerkert et al., unpublished). Complementary research on crop
residues from national scientists in Niger includes the promotion of CR for soil

protection, fences, and contour bands (Moctar Karimou, personal communication).

Crop residues have a lot of potential in maintaining soil fertility but many researchers working
in this area have admitted that there are some problems associated with their exploitation and

some gaps which call for additional research. For instance, sometimes most of the crop

residues are utilized as fodder; also the incorporation of crop residues into the soil may require
more labor or machinery and many stem borers are harbored in stovers. Since considerable

amounts of CR would be required to achieve sustainable increases in crop yield, future

research should consider the combination of lime with these materials while alleviating soil
problems such as acidity (Bationo et al. 1995). In the northern part of Burkina Faso, it was

shown that mulching with 6 t/ha of Loudetia togoensis (a plant that is unappetizing to animals

and provides poor forage) increased the grain yield of sorghum (140 kg/ha with no mulch
versus 774 kg/ha with mulch) and this is partly because mulching reduces water loss by 64%.

Without mulching, production is limited by water and it is promoted where manure is not

available in large quantities and fertilizers are too expensive. Other potential areas of research
that have been identified include:

� Quantifying tradeoffs between the different uses of CR and assessing the effects of

organic and inorganic fertilizers on grain and fodder yields.

� Determining the critical levels of SOM for the different soil types, climates, and

cropping systems.

� Investigating the effects of CR on soil biological and physical properties and soil

conservation.

 A very debatable issue on soil management using organic amendments is whether to use

the crop residues directly as organic fertilizer or indirectly in the form of manure. There is
currently an ongoing ILRI–IITA trial in selected moist savanna Ecoregional Program for

the Humid and Subhumid Tropics of Sub-Saharan Africa (EPHTA) benchmark and pilot

sites that tries to address this issue; this approach could be extended to the dry savannas.
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Animal tractionAnimal tractionAnimal tractionAnimal tractionAnimal traction

The use of draft animals was introduced to West and Central Africa in the early nineteenth

century by the English and French colonial administrations to promote cash-crop
production (groundnut, cotton, and oil seeds) and improve the quality of diet (which was

predominantly carbohydrate) of the small-scale farmers and raise their income (Lynn

1953; Rouspard 1987; Musa 1989). However, in the middle of the century, interest in
animal power dwindled because of governments’ favorable policy of tractorization in the

region. The subsequent failure of mechanization resulted in a major boost again in animal

traction and since then, the concept seems to have been promoted in various degrees by
policymakers and development agencies. In West and Central Africa, animal traction

tends to be more developed in Senegal, Nigeria, and Mali (McIntire et al. 1992). Cattle

(mainly bulls) are employed for traction, while donkeys, camels, and horses are used for
the transportation of loads and humans (in Senegal, horses are also used for traction).

Since the introduction of animal power to most West and Central African countries, the

bull was singled out as the only animal to be trained for draft work. However, as pointed
out by Musa (1989), all animals can be used for draft work and in Senegal, it is

acknowledged that using cow traction is more profitable because this animal has the

advantage of producing milk, manure, and power.

In most West and Central African countries producing cotton, groundnut, and rice, all farm

operations (plowing, seeding, weeding, fertilizer application, and harvesting) are done by

animal power whereas only the plow is used by subsistence farmers. Many researchers (Gefu
et al. 1990; Jansen 1993) identified the constraints to the adoption and expansion of animal

traction in the West and Central African region as lack of knowledge, disease outbreaks, the

use of young animals, lack of suitable implements, lack of capital, and the need for subsidy. A
lot of work has been done on the development of implements but there is still insufficient

information on the feeding and nutrition of draft animals, responses to work, health, and the

tractability of different breeds. Research into improved forms of equipment using cheap and
locally available materials is also imperative for small-scale farmers.
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Crop–livestock integrationCrop–livestock integrationCrop–livestock integrationCrop–livestock integrationCrop–livestock integration

In the context of most West and Central African countries, livestock and crop production
systems are an integral part of one another (Kallah and Adamu 1988). Crop residues

provide fodder for livestock (Van Raay and de Leeuw 1971; Alhassan et al. 1983) while,

occasionally, grain provides supplementary feed for productive animals. Animals
improve soil fertility through manure and urine deposition and animal power for farm

operations and transport. Sale of animals sometimes provides cash for farm labor and

agricultural inputs. There are several examples of completely integrated crop–livestock
production systems where sustainable increases in both crop and livestock production

have been achieved after considerable periods (30–40 years) of continuous cropping

without resulting in land degradation. Some of them are the close settled zone (CSZ) of
Kano in northern Nigeria (Harris 1995), Banamba in Central Mali (Abou Berthe,

personal communication), and Batalay in southern Chad (K.N. Ngwara, personal

communication). The key success to these farming systems is effective crop–livestock
integration involving the recycling of nutrients within the system.

It is therefore recommended that future research focus on how to improve the efficiency

of the nutrient cycling concept. A particular challenge facing farmers is to minimize
nutrient losses through good management (Powell and Valentin 1997); improved feed

production, quality, availability, and more efficient feeding systems; new ways to capture

and conserve nutrients excreted by livestock; improved manure spreading techniques;
and cropping systems that reduce nutrient losses and can improve livestock impacts on

the soil environment. A cross-country analysis of the various crop–livestock production

systems is shown in Appendix 1.

Constraints to crop–livestock production and integrationConstraints to crop–livestock production and integrationConstraints to crop–livestock production and integrationConstraints to crop–livestock production and integrationConstraints to crop–livestock production and integration

Some of the key constraints to crop production include:

� low moisture caused by erratic rainfall

� low soil fertility

� diseases, insect pests, and parasitic weeds



36

Improving Crop–Livestock Systems in West and Central Africa

A
pp
en
di
x
1.
C
ro
ss
-c
ou
nt
ry
an
al
ys
is
of
cr
op
�l
iv
es
to
ck
in
te
gr
at
io
n
an
d
re
se
ar
ch
ab
le
is
su
es
in
th
e
dr
y
sa
va
nn
as
of
W
es
ta
nd

C
en
tr
al
A
fr
ic
a.

R
es
ea
rc
h
is
su
es

Fe
at
ur
e

B
ur
ki
na
Fa
so

C
am
er
oo
n

G
ha
na

M
al
i

N
ig
er

N
ig
er
ia

S
en
eg
al

C
ha
d

an
d
in
st
itu
tio
ns

%
la
nd
ar
ea
th
at
is
dr
y
sa
va
nn
a

(5
00
�1
00
0
m
m
ra
in
fa
ll)

66
6

7
20

16
27

53
26

C
ro
p
ag
ric
ul
tu
re

C
er
ea
l�
le
gu
m
e
in
te
rc
ro
pp
in
g

M
ai
ze
�t
ob
ac
co

E
m
ph
as
is
on

E
m
ph
as
is
on

D
ry
se
as
on

E
m
ph
as
is
on

D
ry
se
as
on

D
ua
l-p
ur
po
se
cr
op

M
ai
nl
y
m
ill
et
,s
or
gh
um

w
ith

sy
st
em

co
tto
n
fo
r

co
w
pe
a.

co
w
pe
a

gr
ou
nd
nu
tf
or

so
rg
hu
m

va
rie
tie
s.

co
w
pe
a.
G
ro
un
dn
ut
an
d
co
tto
n

is
co
m
m
on
.

ca
sh
.

cr
op
pi
ng
in

ca
sh
.

(b
er
bé
ré
).

IIT
A
,I
C
R
IS
AT
,N
A
R
S
.

as
a
ca
sh
cr
op
s.
S
an
dy
,f
ra
gi
le

fa
da
m
a
an
d

so
ils
w
ith
lo
w
nu
tri
en
tc
on
te
nt

irr
ig
at
ed
ar
ea
s.

lim
it
cr
op
pr
od
uc
tio
n.

Li
ve
st
oc
k
ag
ric
ul
tu
re

A
gr
o-
in
du
st
ria
l

G
ov
er
nm
en
t

D
ef
ol
ia
tio
n
of

Id
en
tif
ic
at
io
n

D
ua
l-p
ur
po
se

D
ry
se
as
on

Im
pr
ov
ed
fo
dd
er
;h
ea
lth

C
at
tle
,s
he
ep
an
d
go
at
s
ar
e

by
-p
ro
du
ct
s

po
lic
y
to
re
ta
in

m
ai
ze
be
fo
re

of
so
rg
hu
m

an
d
dr
y
se
as
on

so
rg
hu
m
fo
r

IL
R
I,
N
A
R
S
.

im
po
rta
nt
.P
ro
du
ct
io
n
of
te
n

ex
po
rte
d
to

co
tto
n
se
ed

gr
ai
n
ha
rv
es
t

va
rie
ty

co
w
pe
a
fo
r

fo
dd
er
.

lim
ite
d
by
fe
ed

av
ai
la
bi
lit
y;

ot
he
rc
ou
nt
rie
s.

ca
ke
in
dr
y

to
pr
ov
id
e

(M
al
is
or
92
.1
)

fo
dd
er
.

an
im
al
s
de
pe
nd
m
ai
nl
y
on

sa
va
nn
a
w
he
re

fo
dd
er
.U
se
of

th
at
ca
n
st
ay

na
tu
ra
lp
as
tu
re
in
th
e
w
et

liv
es
to
ck
ar
e

pi
ge
on
pe
a.

gr
ee
n
af
te
r

se
as
on
w
ith
cr
op
re
si
du
es
an
d

co
m
m
on
.

ha
rv
es
t.

ag
ro
in
du
st
ria
lb
y-
pr
od
uc
ts
in

th
e
dr
y
se
as
on
.

M
an
ur
e
fo
r
so
il
m
an
ag
em
en
t

Za
is
ys
te
m

C
on
st
ru
ct
io
n

A
pp
ro
pr
ia
te
co
m
bi
na
tio
ns

M
an
ur
e
us
e
is
im
po
rta
nt

M
an
ur
e
us
ed

of
sp
ec
ia
lp
its

of
m
an
ur
e
+
fe
rti
liz
er
.

be
ca
us
e
of
de
cl
in
e
in
fe
rti
liz
er

in
co
m
bi
na
tio
n

fo
r
m
an
ur
e/

O
pt
im
iz
in
g
nu
tri
en
t

us
e/
av
ai
la
bi
lit
y.
M
ai
n
sy
st
em
s

w
ith
lo
ca
lly

C
om
po
st
.U
se

ca
pt
ur
e

ar
e
co
rr
al
lin
g
or
st
ab
ili
za
tio
n;

av
ai
la
bl
e

of
co
w
s
fo
r

IF
D
C
/IC
R
IS
AT
,

w
ith
m
an
ur
e
ap
pl
ie
d
to
cr
op

B
ur
ki
na
R
oc
k

st
ab
ili
za
tio
n.

IL
R
I,
N
A
R
S
.

fie
ld
s,
es
pe
ci
al
ly
th
os
e
ne
ar

P
ho
sp
ha
te
.

th
e
ho
m
es
te
ad
.

C
ro
p
re
si
du
es
fo
r
so
il

U
nu
se
d
ce
re
al

U
se
of
co
tto
n

A
pp
ro
pr
ia
te
co
m
bi
na
tio
ns

m
an
ag
em
en
t

re
si
du
es
ar
e

se
ed
ca
ke
as

of
cr
op
re
si
du
es
an
d

Le
gu
m
e
ha
ul
m
re
m
ov
ed
fo
r

cu
ta
nd
m
ix
ed

so
il

fe
rti
liz
er
.
M
in
im
iz
in
g

fo
dd
er
;c
er
ea
lr
es
id
ue
s
gr
az
ed
,

w
ith
m
an
ur
e
to

am
el
io
ra
nt
.

nu
tri
en
tl
os
s.

bu
ts
om
e
le
ft
on
fie
ld
s.

m
ak
e
co
m
po
st
.

IF
D
C
/IC
R
IS
AT
,I
LR
I,
IIT
A
,

R
es
id
ue
s
ei
th
er
bu
rn
ed
or

N
A
R
S
.

al
lo
w
ed
to
de
ca
y
fo
rs
oi
l

im
pr
ov
em
en
t

A
ni
m
al
tr
ac
tio
n

D
on
ke
ys
al
so

D
on
ke
ys
us
ed

C
at
tle
fo
rc
ar
ts
.

U
se
of
co
w
s

Fe
ed
in
g
of
tra
ct
io
n

Tr
ac
tio
n
us
in
g
ca
ttl
e
an
d

us
ed
fo
r

fo
r
tra
ct
io
n.

fo
r
tra
ct
io
n

an
im
al
s;
ap
pr
op
ria
te

eq
ui
ne
s
(fo
rt
ra
ns
po
rt)
is

tra
ct
io
n.

(w
el
la
dv
an
ce
d)
.

im
pl
em
en
ts
;
tra
ct
ab
ili
ty

co
m
m
on
,e
sp
ec
ia
lly
w
he
re

A
ls
o
do
nk
ey
s

of
di
ffe
re
nt
br
ee
ds
;

ca
sh
cr
op
s
ar
e
gr
ow
n.
U
se
of

an
d
ho
rs
es

us
e
of
co
w
s

an
im
al
tra
ct
io
n
is
im
po
rta
nt
in

fo
r
tra
ct
io
n.

IL
R
I/N
A
R
S
.

al
le
vi
at
in
g
la
bo
r
co
ns
tra
in
t,

es
pe
ci
al
ly
fo
r
tim
el
y
cr
op
pl
an
tin
g.



37

Improving Crop–Livestock Systems in West and Central Africa

� lack of inputs and infrastructure

� other problems include labor shortages, low resource base, inadequate marketing

facilities.

For the livestock sector, the major technical and socioeconomic constraints are:

� low feed supply

� animal diseases and lack of veterinary facilities

� conflicts between agropastoralists and arable farmers

� loss of cattle through theft

� as in the crop sector, inadequate infrastructure including transportation,

marketing, extension services, and credit and input distribution systems

� livestock owners prefer a large herd size for social prestige as opposed to a small

herd size of good quality.

In addition, some of the specific constraints that militate against fostering crop–livestock

integration include:

� Ox-plowed ridges are believed to accelerate leaching and the erosion of nutrients.

� Competition for resources such as land, labor, capital, management, and water by

the crop and livestock sectors.

� Land use and tenure policies that inhibit livestock mobility and limit farmers’

access to manure and livestock access to feed.

� Unavailability of implements for traction animals.

� Keeping livestock in villages to produce manure sometimes fails because shortage

of feed and water encourages transhumance.

� Since manure is bulky and is required in large quantities, high labor and

transportation costs may be involved.

� Wrong targeting of crop–livestock integrated systems.

� Lack of research on holistic approaches; this requires in-depth knowledge of

integrated crop–livestock systems.
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� Farmers are reluctant to grow improved forages; this is related to the whole

systems approach.

� Bias, including policies, towards the crop sector to the detriment of livestock

production.

Opportunities for crop–livestock integrationOpportunities for crop–livestock integrationOpportunities for crop–livestock integrationOpportunities for crop–livestock integrationOpportunities for crop–livestock integration

� The farming systems in West and Central Africa are basically agropastoral and

the proportion of mixed farmers is increasing, giving the opportunity for farmers

to collect manure and use animal power.

� Intensification of agriculture which is currently occurring in most farming

systems favors crop–livestock integration.

� Poor soil fertility, unavailability or increases in prices of fertilizers, and labor

shortages, have forced farmers to rely on alternatives such as manure and

traction.

� In Senegal, there is scope for improving the efficiency of the integration by

diversifying the use of animals. For instance, the use of cows for traction will

also provide milk and manure. Farmers can also crop in the wet season and

engage in livestock enterprises in the dry season.

� Livestock enterprises are more lucrative than crop farming so it is advantageous

to integrate livestock into farm activities.

� Integration of crop and livestock systems will help in reducing conflicts between

farmers and agropastoralists.

� Integration promotes sedentarization: pastoralists will have access to facilities

for their animals and animals will contribute more manure and urine.

� Many indigenous, emerging, and developed technologies are available to support

sustainable crop–livestock integration. These include improved cereal and grain

legume varieties, cropping systems, weed and nutrient management strategies,

the eradication of most livestock diseases, and the development of modeling and

all-year-round feed packages for animals.
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Conclusions and recommendationsConclusions and recommendationsConclusions and recommendationsConclusions and recommendationsConclusions and recommendations

Admittedly, solutions that address the evolving intensification of agriculture and the wide

range of associated problems in the dry savannas are unlikely to come from any one

source but from a greater integration of the various approaches to improve crop and
livestock enterprises in addition to the following ongoing and future research efforts.

Crop and livestock improvementCrop and livestock improvementCrop and livestock improvementCrop and livestock improvementCrop and livestock improvement

� Optimizing the impact of high yielding grain legumes (cowpea, pigeon pea,

groundnut, etc.) and cereals (sorghum, millet, maize, etc).

� Controlling weeds, pests, and diseases is imperative in any agenda.

� Increasing animal resistance to disease and parasites; improving the productivity

of indigenous livestock.

Feed resources developmentFeed resources developmentFeed resources developmentFeed resources developmentFeed resources development

� Upgrading feed quantity, quality, and soil productivity by the targeted integration

of grain and forage legumes with cereal crops in rotations, intercropping,

undersowing systems, etc.

� Future research approaches need to concentrate on the genetic improvement/

enhancement of the quality and quantity of crop residues.

� Promoting animal traction in feed resources and crop production.

� The possibility of importing fodder from wetter ecological zones to the dry

savanna needs to be considered both in terms of logistics and socioeconomics.

Soil and nutrient managementSoil and nutrient managementSoil and nutrient managementSoil and nutrient managementSoil and nutrient management

� Improving the efficiency of nutrient cycling in crop–livestock systems.

� Strategic combinations of manure and fertilizers.
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� Indigenous systems such as the Zai technique should be studied to understand

their merits so as to provide a building block for future interventions.

� Optimizing the utilization of crop residues in soil management.

Socioeconomic factorsSocioeconomic factorsSocioeconomic factorsSocioeconomic factorsSocioeconomic factors

Systems modeling and GIS applications, combined with socioeconomic information,

such as identification of areas where market driven intensification is ongoing and impact

is likely to be greater (Ndubuisi et al. 1998), should have a role in optimizing the targeting
of new technologies. For instance, an approach needs to be included encompassing the

“whole system” while aspects including the determinants of farmer decision-making and

opportunities for using technologies (such as improved varieties, cropping systems,
better ruminant nutrition, weed and nutrient management) to enable existing sustainable

systems to address the challenges of increased intensification need to be included.

Establishing effective input (e.g., fertilizer) and support services (e.g., veterinary delivery
systems); establishing infrastructure (e.g., roads, processing, and marketing facilities);

and strengthening government institutions are important.

An appropriate strategy would be to select technologies with the highest potential impact from
the above areas, in order to form a holistic package for testing and dissemination with a view

to maximizing total productivity at the farm level. This holistic approach should be supported

by socioeconomic information such as determinants of farmers’ decision making for certain
technologies as well as the development of tools to assess whole farm impacts of new

interventions. A newly initiated trial, jointly executed by ICRISAT, IITA, and ILRI on crop–

livestock systems, involving the use of improved sorghum and cowpea varieties, pesticides,
and cattle manure with limited fertilizer in an intercropping context, is a step in the right

direction. A similar approach could be used to develop new scenarios; for instance, animal

traction using cows that have been shown to be more profitable, could be combined with the
best feeding regime, including dual-purpose cowpea to produce high quality manure and well

fed animals (in good condition) for farm operations. The best cereal–legume intercropping

combinations could be planted in such a system using the optimum fertilizer, manure
management practice (e.g., Zai method).
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Against this background, the consortium of international centers (ILRI, IITA, ICRISAT,

IFDC, and the Centre for Overseas Research and Development [CORD]) with
complementary expertise, regional institutions, and NARS partners would be the best

implementers of such a broad field of activities. The joint program should be promoted as

a fully integrated resource management/commodity production systems project rather
than the commodity-based programs, which unfortunately had in the past been the final

objectives of the research centers. Other advantages of this collaboration are that the

centers try to address present and evolving intensification/agricultural problems. Playing
this role collectively rather than individually adds value to research investments. It is

imperative that such an interdisciplinary and interinstitutional approach will ensure the

development of appropriate techniques that will match the ecozones and the farming
systems.
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