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ABSTRACT

This dudy involved a survey of anima production sysems and an inventory of crop by-
products available in the farming sector in Senegal. Cattle are the dominant class of
livestock, followed by sheep and goats, dthough both contribute to the cash economy. The
major factor affecting livestock production is feed shortage during the dry season.
Overgrazing leading to degeneration of vegeta cover, and the recent drought conditions,
have made the Stuetion worse. Severd crop resdues and agro-industrial by-products were
identified as dternative feeds and potentid supplements. The constraints associated with
their efficient use are emphasized. More collaborative research between NARS within the
eco-region and strengthened partnerships with IARCs are needed to make better use of these
feed resources for incressed anima production of benefit to the population, without adverse

effects on the environment.

INTRODUCTION

Senegd is dtuated in West Africa, on the alantic coast, in the intertropicd
zone between latitude 12°30%and 16°30°N and longitude11°30” and 17°30° W. It has a
land area of 196, 722 km2 and a population estimated at 8 million inhabitants. Two
ecologica zones can be didinguished according to ranfdl patems, the Sahdian zone in the
North and the Sudano-Guinean zone in the South of the country. Ranfdl is unimodd,
occuring betwen July and September, and ranges in average from 200 mm in the North to
1500 mm in the South. This short rany season is followed by a long dry season from

October to June during which rain never occurs.

The bass of Senegd economy is agriculture. Agriculture employs more than
70% of the population, accounts for 13 % of the Cross Domestic Product (GDP), and makes
an important contribution to export eanings (Etude sectoridle de 1’élevage, 1982). The
livetock sector, dthough characterised by low productivity, contributes t0 about 6.5% of



The catle populaion increased by only 6% from 1970-1977 to 1990-1994,
while the sheep and goat numbers increased by over 44.7% during the same period (ctle
2462000 in 1970-1977 to 2,612,000 in 1990-1994; sheep and goats 2647,000 in 1970 to
3,831,000 in 1990) (Direction de I’Elevage, 1970-1994). This trend is also a result of the

actual increased pressure on land for cropping.

2. Role of livestock in major agricultural systems

Animd production involves both non-ruminants and ruminants, and a variety
of sysems more or less integrated with crops (Table 2). Three mgor agriculturd systems
closdly related to agro-ecologicad zones have been identified:

.the padord system in the sylvo-pastord zone in the North and Eag,
.the agro-pastord system in the Centre and in the South,
.the peri-urban System.

-The pastoral system

The livestock management consists of a transhumant pastordism practiced by
the Peuhl ethnic group whose major means of livelihood is amost exclusively cattle
production on extendve grazing land area (Diop, 1989). Household income and food supply
depend mainly on livestock.

Cattle are reared on natural pastures with sheep and/or goats and have to trek
great distances in search of fodder and water (Diop, 1987; Diop 1991). Nutrition is a mgor
limiting factor in pastoral systems. Availability and adequacy of feeds fluctuate with
seasons. Pasture productivity varies from 100 to 2000 kg of dry matter per hectare from
year to year, and from 500 to 1,800 kg dry matter according to the types of pastures
(Boudet, 1984; Richard et al., 1989). Nutritional value of natural forage has been
extensvely investigated in Casamance, in the South of the country (Boudet, 1970) and in



3. Impact of mechanization on the use of livestock in agricultural systems

In the Senegalese peanut basin, population growth and the extensve use of
animd traction have favored the excessve expanson of cultivated land to the defriment of
the pastord land area. Traditiond practices of mantaning soil fertility have been disturbed
by pestord land redrictions (Faye, 1993). Pressure on land and the encroachement of
cropping lands on pastures has caused a reduction in the catle population in the groundnut
bassn and a shift to the use of cows for draught purposes. The use of horses and donkeys
for cropping and trangport has increased.

Agriculturd production in the country hes been better organised over the past
two decades and more and more development plans give priority to food production for
domedtic use, with resultant increase in the agriculture-based indudtries.

With the decline and degradation of grazing lands through overgrazing and
the expanson of adble cropping, agricultura by-products take on greater Sgnificance. For
example, cotton production increased from 1,000 tons in 1987 (Plan d’ Action pour
I’Elevage, 1988) to 50,000 tons in 1991-1992 (Direction de |’ Agriculture, 1992).
Consequently, the use of cotton seed, a major protein source, greatly increased for beef and
sheep fattening in the Center and in the South of the country. In 1986, 887,820 tons of
maize, millet, sorghum and rice grain were harvested. The estimated straw output is
4,800,000 tons (Fal et d. 1989). An increase in avalable quantities of Sraws could be
expected with the development of irrigated cropping in the Senegal river valley and

mechanisation.

II. USE OF CROP RESDUES AS LIVESTOCK FEED RESSOURCES

1. Farmer’s current practices on utilizing crop residues as a source of

livestock feed in major agricultural systems.



Quantitative estimates of crop resdues are not usudly reported in nationd
gatitics Groundnut and millet ae the maor crops in Senegd. Groundnut haulms are
therefore the most abundant crop residue (Table 3). Millet straws are second in importance.
There are widely used as amimals feed. The other crop resdues and agro-indudtrid by-
products (Table 2) include cered and legume dsraws, wheatbran, dried brewersgrains
(spent grans from the breweries), oilseed cakes cottonseed cake and pamkerne) and
cered bran. Without the avalability of crop resdues, ruminants could hardly survive the
long dry season.

In years where ddisticd data on agro-industrid  by-products have been
reported, large quantities are found. High quantities of them (groundnut cake, cotton Seed,
palmkernel cake, molassis) are however exported (Etude sectorielle de 1’élevage au Sénégal,
1982).

3. Current practices used in processing crop residues

Cered straws and groundnut haulms are scattered on the farms after
harvesting the grains. Sorghum stalks retain a better qudity if harvested early, dried and
dored off the ground on man made orage facilities. Bundles of rice Sraw, weighing 10-13
kg, and groundnut haulms are maketed as animad. The main customers are transport
busnesses with draft animals, and the peri-urban milk and meat producers.

Mos of the groundnut grown in the country is locally processed into oil. The
remaining cake is a vauable source of energy and protein. The indudtriad ceke is exported.
The domestic cake and cered bran are the mgor by-products useful as animd feed which
ae produced at the village level. There is a certain import of wheat processed locdly into
flour. However, the quantity of wheat bran appears to be limited.

Cereal crop residues are important feed resources in the mixed farming
systems. However these residues are high in lignocellulose compounds and are

characterized by low protein content, and low digestibility and voluntary inteke (Sdl, 1984;



Fdl e d., 1989). When fed done to ruminants, as practiced by several famers they can
not support maintenance reguirements.

A great ded of research on forages has been done in various research centres
and feeding recommandations were formulated for farmers. Improvement in the nutritiond
vadue of gdraws with physcd treatments and supplementation with other by-products (Table
S, and good anima peformances were reported with on dation-research. Chemicd
trestment of straws (Blancou and Cavet, 1977) is redricted by costs, technicd ability and
safety. However, urea seems promising (Fall et a., 1989; Cissé et al., 1995b, 19963;
Gongnet et al., 1996), because it is cheap and easy to obtain at the village level. The
evaduation of its profitability a the fam levd is going on in the Senegal valey river with

rice straw and in the peanut basin, in the Center, with natural pasture straw.

4. Current practices used to supplement crop residues

In the agropastoral system, farmers commonly use crop residues
supplemented with artissnd groundnut cake, and cotton seed, or they can mix various crop
residues for animd feeding.

In the agricultural areas, farmers generally waste feed resources and
consequently animals are over or underfed. There is an often ineffective collection of the
groundnut haulms which is by far the most important and the best qudity feed for animds.
If they still contain many leaves, groundnut haulms can support daily gains of 0.5 kg

livewaight for thin cattle after a dearth period. Millet, maize and sorghum Straws represent



30 to 50% of the cattle diet during the dry season and a smaler part of the small ruminant’s
diet, in agro-pastord zones (Richard et d., 1989).

Many years of research on the nutritive value of every type of crop resdue in
sverd combinations showed technica advantages of using these resources (Table 5) as
anima feed. The technologies generated (diets formulated with many agro-industrial by-
products) without economic anadyss are beyond the reach of farmers. Research on both
pasture and agricultural by-products has had a very limited impact on livesock productivity

in the smal-scde farming systems.

5. Major constraints on utilization of crops residues as livestock feed

The major constraints associated with the use of by-products are their
bulkiness, transportation, Storage and  processing.

After harveding the grains, cered sraws have to be bulked and transported
to the villages and dtored. The first problem encountered is trangport both on fam and on a
regiond bass where by-products may be located in a different area to livestock.

The second problem is the amount of |abour required to collect and Store the
crop resdues. People are busy harvesting crops and do not take time to collect and sore the
crop resdues (Fal, 1986). Another constraint is the actual manner of Storage, whether on
platforms, in the field, fenced, etc...Moreover, there are no machines in the villages to
process these draws for incorporation in diets for ruminants. In the harvesting process
devdlopment of ample machinery such as choppers or chaffcutters would be beneficial in
reducing by-product particle Sze.

Inadequate and inefficient use of the avalable technology is dso a mgor
limitation to increesed animd production.



6. Nutritive value of crop residues

An important sudy was carried out to determine the nutritive vaue of (1)
native herbages of natural pastures in the Sahelo-sudanian zone, (2) fodder grasses
cultivated under irrigation and (3) some crop resdues and agro-industrid  by-products
(groundnut haulms and cake and cereds draws) encountered in Senegd. The determination
of ther chemicd compostion (Table 3), digestibility and feeding trials results allowed the
establisnment of Feed Tables (Richard et al., 1989). However, other studies are needed to
specify the feeding velue of each by-product with high potentid.

The feeding values of millet, maize and sorghum straws are very low. Thelr
dry matter digedtibility ranged from 428 to 4% (Sdl, 1984, Fdl e d., 1989, Gongnet et
d., 1996) and their organic matter digedibility depends on the leaf/stem ratio (0.2-0.35),
and ranges from 40-45% for the entire Straws and from 50-55% for the leaves. Rice straw
has a higher organic matter digestibility (56%) (Richard et d., 1989) than the other sraws.

The energy content of groundnut haulms varies between 050 to 0.72 UFL/kg
DM and their digestible protein content between 40 to 74/kg DM, depending on the
leaf/stem ratio (0.2 to 15 according to harvesting practices) (Richard e d., 1989). Rice
bran has a chemicd and a nutritive value negatively affected by high levels of silica (12.2%
DM) and ADL (8.2% DM), as a consequence of a high proportion of hulls

Mog of the forages have insufficient minerd content (P, Ca, Na, Cu and Zn) to
meet the requirements of livestock (Cissg, 1985; Guérin et d., 1989; Cissé et d., 1996h).
Some trace dements content such as Qu and Zn ae, in most of the forages, under the limi

of deficiency .

Sudies on the toxicity of crop resdues (gosspol content of cotton Seed, and

other toxic constituents like dkaoids glucosdes polyphendls, hydrocyanic acid, oxdic



acid, efc..) are very scarce. However, detoxification of groundnut cake agangt aflatoxine

IS required for EU exports

7. Opportunities for collaborative research on strategies for using crop

residues as amimal feeds.

Feed is the principal constraint among the non genetic factors affecting
anima production, paticularly during the dry season. Fodder is of poor nutritional value
for most of the year due to the rainfal pattern, and crop resdues and other feed resources
are greatly underused. This Situation will be worsened if livestock productivity and
population increase. However, there is an immense potentid for improving anima nutrition
and therefore production by using crop by-products. The use of farm-produced by-products
(stovers, straws, bean and groundnut haulms and household offds) and agro-indudtrid by-

products as animal feed is an efficient and ecologicaly sound use of feed resources.

Attention must be given to research on forage production and agricultural by-
products which are an important feed resource in anima production systems. Increased
intengfication and efficiency in the use of feeds is most important and emphass should be
given to feeds that do not compete with human food.

In the sylvo-pastord area where the production system is pastord, increased
fodder production will be possible with the rehabilitation project to improve water
avalablity in fossled valeys, as ae corrections of mineral deficiencies. Adapted forage
can provide nutrients for ruminants. More productive and high yielding forege crops need
research. The agronomic characteristics of these forages need to be determined in order to
achieve maximum benefits from them. Fertilisr requirements, frequency of cutting, cutting
height, grass/legume mixtures and other factors affect the yield and nutritiond velue of

forages.



availability of support services and infrastructure that producers need in order to make best
uses of by-products.

Government policy should promote the optimal use of the local feed
resources in the animd indusry and improve the capacity of the private Sector capacity to
respond to the market environment. With the devduation of the CFA franc by 50% in
February 1994, exports of agro-industrid  by-products  increased.

9. The institutions involved in research and development of livestock feed
based on crop residues: their speciality and liukages with advanced institutions in

developed countries and with TARCs.

In the recent padt, some interationd indtitutions such as FAO, CIRAD, ILRI
through AFRNET and IDRC have funded research projects on the use of by-products, in
Senegal .

Factors limiting the utilisation of technicd packeges a the smdl-holder level
include poor coordination between research inditutions and development organisations.
Researchers do not get enough feedback information to enable them to plan their research
activities based on the needs of farmers. So, projects are usudly proposed on their own
perceived  problems.

In order to facilitate the immediate diffuson of technologies generated by the
scientists into the farming sysems, a well-organised extenson system is required. It is dso
important to improve linkages between researchers and extension workers to share
experiences (through joint research proposals), and the extension services have to be
drengthened through training extenson daff.

It is dso important to note that, in Senegd as in severd developing countries,
the level of research funding and the infrastructure in terms of laboratories and facilities and
trained manpower are limited. Partnerships between NARs, IARCs and other regional

inditutions on common research needs on the use of crop resdues has to be strengthened.



This can be done through a better exchange of information, training, participation in

workshops and other scientific mestings.
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Table 1: Trends in livestock species in the last tw decades (Direction de
|' el evage, rapports annuels 1970-1994)
Li vest ock Popul ation (,000) g change
species 0 memmmm—omooom—— oo over the period
1970/77 1983/89 (1970-1989)
Cattle 2462 2397 -3
Sheep & goat 2647 4471 +69
Pigs 256 204 -26
Hor se 209 289 i-38
Camel 7 9 +43
Poul try 10500
Table 2: Major agricultural systens in different agro-ecol ogical zones in
Senegal
Agr o- ecol ogi cal Maj or agricultural Min Livestock Predomnant  Feeding
Zone Sys tens Products System
Sahel i an Goats/cattle/sheep neat Pasture grazing
(200 500m) Rice, sugar-cane m | k By- product s
veget abl es: t omat oes,
onions, beans, cassava
fruit: water nelons
Sahel o- soudani an Cattle/sheep/goats meat Pasture grazing
(500-700mm) groundnut, nillet mlk G oundnut haul ns
sorghum nmai ze Cereal straws
Veget abl es: tonat oes, Comercial concen-
pot at oes, beans carrot, trate
cassava and fruits: mangoes,
or anges
Soudano- sahel i an Cattle/sheep/goats meat Pasture grazing
(700-900mm) Goundnut, mllet m | k G oundnut  haul s
sorghum nmai ze, cotton Cereal straws
Cotton seed
Soudani an
(900~1200mm) Cattle/sheep/goats Meat Pasture grazing
Cotton, G oundnut G oundnut  haul ns
millet, sorghum, naize, Cotton seed
Cereal straws

Soudano- gui nean
(1200-1800mm)

Cattle/goat/sheep Meat
Rice, g@roundnut

mllet, sorghum palm-

trees, vegetables: beans,
cassava, fruits: banana

rangoes, oOranges

Pasture grazing
crop residues
Browsi ng tree-
fol i ages
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Tabl e 3: Agricul tural and agro-industrial by- product feed resources
available in Senegal

Feeds Quantities (tons) References*
Rice Straw 170, 000 g
Mai ze straw 102, 633 3
MIllet straw 592, 505 ’
Sorgho straw 78,094
G oundnut haul ns 1,500,000 2
Bean haul ns
Wieat bran 20, 000 fl
Rice bran 10, 000
MIlet bran
et l()jr evverﬁ' gliai n 1,000 4
G oundnut us
Cotton seed 50, 000 3

Tomato industrial
dehydrated residues

G oundnut cake 100 a 300, 000 g
Cotton seed cake 5,000
Cotton seed husk 8,800 ‘i
Pal mkernel oil cake 4,000 5
Molassis 30, 000
Bagasse 300, 000 2

*1.Etude sectorielle de |'élevage au Sénégal, 1982
2.Plan d' Action pour |'élevage, 1988
3.Direction de |"Agriculture, 1992
4.Direction de 1'Elevage, 1992.



Table 4: Nutritive value of sonme agro-industrial by-products gvailable in
Senegal

Constituents*
Crop residues DR CP% CF% DMD Ca P QU Zn
(on a dry matter basis) % g/kg DM (mg/kg DM)
Rice straw 92.3 23 34.5 42.8 1.7 5.8 44
(Oryza sativa)
MIllet straw 85 56 41.4 39.2 1.6 2.3 4.0 14.7
(Penni setum aneri canum
Sorghum straw 17.4 39 40.3 47.2 41 .43 17.9 76.5
(Sorghum bicolor)
Mai ze straw 86 38 38.6 49.3 2.0 1.5
(Zea mays)
Bean haul ns 89.3 13 29 1.35 0.29
(Phaseolus sp.)
G oundnut haul ns 87.2 10.7 34.2 54.8 9.2 1.2 5.6 19

(Arachis hypogea)
Natural pasture straw

G oundnut husks 98. 6 61 34.8 18.4 0.6 0.4
MIlet bran 83.9 13.9 20 1.1 5.1
Rice bran 93.3 51 76 0.8 3.4
Cot t onseed 86. 6 20.6 33.0

Cottonseed husk 93.2 70 48.9 1.3 1.4
Cottonseed cake 92.3 10.3 30.6 1.5 12.7
Molassis 10 56 0 7.2 0.7
Mai ze bran 90.4 9.8 8.9 1.8 (14
G oundnut cake 97.8 48.5 50

Wet brewers'grain 22.9 5.0 4.6

Tomato industrial 96 9.4 43.4

dehydrated residues

*dry matter (DM, crude protein (CP), crude fiber (CF), dry matter
digestibility (DVD), calcium (Ca), phosphore (F), cuivre (Cu) et zinc
(Zn).

Source: Blancou et Calvet, 1977; Fall et al., 1987; Cissé et al., 1995a;

Cssé et al., 1996b;, Gongnet et al., 1995; Richard, unpublished dat a;

Cissé, unpublished data.



Table 5: Inventory of
Senegal during the period 1969-1995.

Main agricul tural
by- pr oduct

mai n agricul tural

by- products research undertaken

References

Rice straw

MIllet straw

Sorgho straw

Natural pasture straw

G oundnut husk

G oundnut haul ns

Cotton seed
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Cal vet et Valenza, 1973
Calvet et al., 1974ab
Sall, 1984

Fall et al., 1989

Lemal et al., 1989
Richard et al., 1989
Steyaert et al., 1989a
Gongnet et al., 1996

Richard et al., 1989
Cissé et al., 1995a

Richard et al., 1989
Steyaert et al., 1989
GCssé et al., 1995a

Bul dgen et al., 1992
Bul dgen et al., 1993
Cssé et al., 1995a

Calvet et al., 1969
Boudergues et Calvet, 1970
Calvet et Denis, 1974

Cal vet, 1977

Sall, 1987

Steyaert et al., 1989a
Cssé et al., 1994

Richard et al., 1989

Calvet et al., 1973
Fabre et al., 1973
Faye, 1993

in
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Figure 1 - Tre-ixibution OF man crops and breading systems in Senegal (Richard e a- 1989)




