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EDITORIAL 
The International Livestock Centre for Africa (ILCA) began 

its research programme in Mali in early 1976. Based initially 

at the Malian Government's Station du Sahel at Niono, activ­

ities were soon extended into the surrounding Fourth Re-
Un 
U1 gion, and then into the Fifth and Sixth Regions of the coun­..3 
Ln try. The aim of these extended activities, which formed the0­
m programme's baseline study, was to gain a comprehensive 
U. 
Cpicture of the traditional livestock production systems ofceit­ru 

tral Mali and identify the main constraints to thcir greater 

productivity. 

This issue of the ILCA Bulletin summarizes a more de­

tailed account of the baseline study, shortly to be published 

as ILCA Research Report 5 under the title Systems research 

in the aridzones of Mali: Initial results. The more detailed 

report was edited by Wilson, R.T., de Leeuw, P.N. and 

de Haan, C., and contains contributions by the following 

authors: Ciss6, M.I., Ciss3, S., de Haan, C., de Leeuw, P., 

DiL1lo, A., Diarra, L., Dicko, M.S., Fulton, D., Gosseye, 

P., Harmsworth, J., Hiernaux, P., Hulet, H., Marie, J., Mil­

ligan, K., Sangare, M., Swift, J.J., Toulmin, C., Wagenaar, 

K. and Wilson, R.T. 

R.T. Wilson, 
Bamako, Mali 

10 February !982 
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LIVESTOCK PRODUCTION IN CENTRAL MALI
 
R.T. Wilson (ed.) 

Team Leaderand Senior Animal Scientist, ILCA/Mali Programme 

PRODUCTION SYSTEMS AND THEIR CLASSIFICATION 
ILCA's West African arid and semi-arid zones programme caters for the five main Sahel countries (Senegal, 
Mali, Upper Volta, Niger and Chad) and the Sudan. These countries provide living space and food for more than 
a quarter of tropical Africa's domestic ruminant population. Their land area of 6 514 000 km2 is occupied by over 
35 million Tropical Livestock Units (Table 1)', an average density of 5.40 TLU/km 2. These animals provide vary­
ing degrees of subsistence to a rural population of over 33.839 mnillions, a ratio of 1.04 TLU/person. Within these 
colmntries, the distributions of both animals and people show a high degree of diversity, with the highest numbers 
of animals and their greatest density generally found in the semi-arid zones. It is in the more arid zones, however, 
that the highest ratio of animals to people is found. As can be seen from Table 2, Mali isno exception to this gener­
al rule, although the Niger inundation zone with its abundant dry-season fodder and water supplies complicates 
the picture to some extent. 

There are various ways of classifying live- production systems, it is a contingent one, Somewhat arbitrary limits were set 
stock production systems. The commonest often having tht: 'ffect of diverting atten- when degree of dependence on livestock 
one takes into account the duration and tion away from other major criteria. Thcse products was assessed. A system in which 
distance of livestock movements and gives criteria are: the degree of dependence on more than 50'%of gross revenue (the value 
rise to such categories as nomadic, trans- livestock products for the gross revenue or of subsistence plu marketed production) 
humant and sedentary systems. While food supply of the household or production or more tVhan 20% of household food 
movement is an important aspect of animal unit; and the various types of agriculture energy was directly derived from livestock 

associated with the livestock. It was these or li-cstock-related activities was classified 
criteria which ILCA took into account as a pastoral system. One which derived 

On Tropical Livestock Unit (T-LU) = 250 kg when classifying the production systems of between 1I)and 50% of gross revenue from 
liveweight of domestic ruminant, central Mali. livestock, in other words 50% or more 

Table 1.
 
DISTRIBUTION OF DOMESTIC ANIMALS BY COUNTRY IN THE SAHEL AND SUDAN ('(XXI).
 

Species 

Country Camels Cattle Sheep Goats Total 
TLU 

No. TLU Noi. TLU No. TLU No. TLU 

Senegal 4 4.9 2 806 2)53.9 1 884 188.4 I (XX) 84.0 2 331.2
 
Mali 208 235.4 3 264.0 17 483.6 4 609.7
4 459 1 M 606.7 5 757 

Upper Volta 87 106.8 2 700 1 976.4 I 8XI 180.0 2 7W) 226.8 2 490.0
 
Niger 330 405.2 2 995 2 192.3 2 50W1 250.0 6 411(1 537.6 3 385.1
 
Chad 410 513.5 4 070 2 979.2 2 278 227.8 2 278 191.4 3 tX)1.9
 
Sudan 2 5N) 3 170.0 17 30Y) 12 663 6 17 2WX) 1 720.0 12 2(X) I 024.S 18 478.4
 

Too 3 539 4 345.8 34 330 25 12) 4 31 721) 3 172.9 31)335 2 548.2 35i1o.3 

Tropical Livestock Unit of 250 kg calculated on the hass of I camel = 317 kg, I ho in.: - 183 k_, I sheep - 25 kg. I goat = 21 kg
 
Source: For aumbers, FAO (1979); for mean weits, (l981).
,'Wlsmon 
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Fable 2. 
DISTRIBUTION OF PEOPLE AND ANIMALS IN MALI. 

Ecological Area Raral Camels Cattle Sheepzone TLUIpopulation aid goats Density Ratio 

(annual rainfall) km % "t1. % 't(X)% "I0 % '000 % '000 % TLI!/km2 TLU/person 

0
Arid(( 6 0ram) 856 70 1i5 15 164 91 939 21 3596 43 1 220 28 1.43 1.50Semi-arid (,)-Ifltmm) 191 16 2 355 43 15 8 1 468 32 2 41b 25 1 315 31 6.89 0.56Subhumid( IltXlmm) 129 10 I 514 27 - - I W9 22 790 10 811 19 6.29 0.54Niger inundation 54 4 840 15 I I 1 114 25 1489 18 954 22 17.67 1.14 

Total 1230 5 552 180 4 530 8 293 4 300 3.50 0.77 

For the basis of TLU calculations see footnote to Table I,except that sheep antigoats are ealculated together at 23 kg for this table. 
Source: Various. including country statistics. 

from agriculture, was classified as an 
agropastoral system. A third system. in 
which less than 10 % of revenue %,asde-
rived from livestock. might have been clas-
sified as "agricultural", but lay outside tite 
scope of ILCA's studies. Itshould also be 
pointed out that the concept of gross rev-
enue includes returns to camels or other 
species used as transport animials, and the 
value of cattle for traction and tnanure pro-
duction. 

The t'so main criteria thus give rise 
te two major production systems, each 
with a number of subsystems. These are 
shown in Table 3,in which the main char-
acteristics of each are listed. Mali has two 
rather peculiar, if not unique, subsystems 
for the Sahel countries. These are the pas-
toral system associated with floodplain 
grazing and farming in the Niger inunda-
tion zone, and the agropastoral system as-
sociated with irrigated rice cropping. 

The relative importance of the 
domestic species found within the systems 
and subsystems varies. Camels are con-
fined almost exclusively to the pure pastor-
al subsystem in the arid zone, with only a 
few occurring in the pastoral/dryland crop-
ping subsystem. However, even in the pas-
toral system, camels are numerically unim-
portant compared with cattle or sheep and 
goats. Because of their size and cash value, 
cattle are probably the most important 
animals in all the systems (although, were 
an "urban" system to be Lonsidered, don-
keys might well replace cattle, to be fol-
lowed closely by goats). This is tilecase ir-

respective of whether the rok of cattle is 
primarily milk production (a,, in the pastor-
al systems), draught poser (as in the 
agropastoral systems), or acombination of 
these two roles together with meat produc-
lion in areas where systems boundaries are 
not clear-cut. In terms of TLU, cattle dom, 
inate the livestock sector ii Mali, although 
the numbers of both sheep and goats are 
probably considerably and consistently 
underestimated here as elsewhere. Sheep 
are extremely important in the pastoral 
system, especially in the north and in the 
inundation zone, where the pure and 
floodplain subsystems are found. In the lat-
ter, the wooled Macina varie',dominates. 
In the agropastoral system, goats are much 
more important than sheep. at least at the 
level oY the individual production unit. 

This fact sldom acknowledged in statis-

tics or development plans, should not be 

overlooked, 

In the agropastoral system, and es-
pecially in the irrigation and cash-crop sub-
systems, work oxen are an extremely im-
portant element in the total livestock hold-
ing. Donkeys also play a large ifusuallyun 
publicized part :n providing transport for 
agricultural produce and fuelwood. Horses 
are of minor importance in all systems, per-
haps vested with the only remaining traces 
of the prestige syndrome with which all 
livestock owner; used once to be attainted. 

Herds are built up by a variety of 
piocesses including natural increase, in-
heritance, gifts and loan arrangements. In 
the pure pastoral subsystem some animals 

may be purchased with the proceeds of car­
avan trading or with cash from wage la­
bo'ur, often earned outside Mali. In the 
pastoral/dryland cropping subsystem some 
agricultural profits may be reinvested in 
livestock, as they also are in the floodplain 
subsystem. In both these subsystems, 
women can own considerable numbers of 
animals, usually acquired by dowry and 
from the proceeds of milk sales. In the 
agropastoral system animals, particularly 
work oxen, are often acquired through
credit arrangements with organizations 
such as the Office du Niger and Opdrations 
de Ddveloppement Rural. 

Livestock also play a role in say­
ings. the returns from agriculture being in­
vested in animals in the absence ofalterna­
tive forms of investment. In fact, there is 
considerable evidence that rapid shifts in 
ownership patterns arc taking place, and 
not only among farmers: the new owners 
include civil servants, service personnel 
and merchants, who are investing large 
amounts of cash in livestock. This tendency 
brings with it a rapid increase in the use of 
salaried herdsmen and the growingacquisi­
tion of grazing rights by non-pastoralists, a 
trend which may well be undesirable from 
the point of view of an equitable distribu­
lion of tilecountry's resources. Integration 
within the market economy is also increas­
ing, in some cases rapidly, although there is 
still a wide range of market involvement, 
from almost wholly subsistence- based pro­
duction to cropping for cash alone. 
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Table 3.
 
MAJOR CHARACTERISTICS OF LIVESTOCK PRODUCTION SYSTEMS IN MALL.
 

System Pastoral Agropastoral 

Sub system Associated with A isociated with Associated with Associetad with Associated with 
Pure dryland cropping floodplain grazing rainfed millet irrigated rainfed cash/ 

..nd farming cropping rice cropping subsistenceCharacteristics (mainly subsistence) cropping 

Contribution of 
pastoral production
to gross revenue(%) 95 90 60 25 15 

Location and Northern arid/ Northern central Niger floodplain Central semi-arid Dead delta Southern centralecological zone semi-arid and northwestern and Senegal basin (central semi-arid) semi-arid and 
semi-arid southern subhumid 

Rainfall (mm) <400 30-W) 2X) - (floodplain) 4(X)-S(X) 5W -(irrigation) 7(X)- 14WX 

Importance of Nil :o negligible Low Can be quite Considerable Very important Paramoant
agricIture important 

Linkages with Very weak Some cultivation, Cultivate or arrangr Cultivate own crops; work oxen are importantagriculture manure exchanged for cultivation of and censumc crop residues 
fo- stubble grazing own crops 

Current dcnsities 
(No.fkm2 )

People 
TLU 

0-1.9 
0-3.9 

2-5.9 
4-17.9 

14- 29.9 (30- 61.9)
i)- 27.9 

2- 13.9 
4-9.9 

14-29.9 
I0- 17.9 

6-29.9 
4- 17.9 

Current carrying 
capacity 

People 
Livestock 

Very low 
Low 

Low/medium 
Low/medium 

High/very high 
Medium/high 

Medium 
Low/medium 

High 
Medium/high 

Medium/high 
Mediunt/high 

Current TLU/
rural inhabitant 0.8-1.6 0.4- 1.59 1.2- 1.59 1461-19 11.4-1.19 0.4-11.79 

Production unit Nuclear family 
(often grouped 

Nuclear or extended 
family 

Nuclear or extended 
family (impot ant 

Extended family Extended family Extended fani', 

in camps) non-agnatic ties) 
Ethnic groups Bella. Tuareg, Harratin, Bella. Delta Fulani Bambara. etc Various. including abnhara. etc 

Maure Tuareg, Maure Seno Fulani former inrmigrains 

Hired labour Very occasional Fairly commnon Collinon Seasonally frcquent, occa,sionll loinger tcrnt 

Land te:ure 
system 

Tribal rights. often 
associated with 
access t) water 

Traditional rihis: 
leydi in delta 

Usufruct (often 
shifting cultvation) 

Contract wili) 
Office du Niger 

UIilul (Ipe rtaneit 
or shifting 

cultiv.t i ) 

Mobility High. often 
irregular with 
no fixed base 

High, usually 
more or less 

permanent with 

[-igh in wet season; 
precedence rights (,n 
stock routes and in 

Low . short distances during crop gro1wing period: 
permanent base 

fixed base delta. fixed hisc 

Marketed 
production 

Low(40"', ): 
barter of milk 

(and salt) for grains 

Medium/high 
(5(1or ( 1 ,) 

sale or purchase 

Mediumn 1(45 or5$) ): 
sale ol ullllnluuas 

and grain 

Ver, low/rncdiun 
lt-SI",) 

Iligh (6l'l: 
rice 

High ((l',,): 
cash crop% 

Importance in Mali 
(% of animals) 

Cattle 11) 33 25 - 32--
Sheep and goats 31) 33 18 -19 
Camels 92 8 - ( - -

Importance in ither 
Sahel countries 

Mauritania High Low Low/medium Low Nil Nil 
Niger 

Senegal 
High 

LOiW 
High 

Low 
Nil 

Low/medium 
Medium 

High 
Nil 

Low 
High 

Medium 
Upper Volta Low Medium Nil Iligh Low Meditnt/high 
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THE PRIMARY RESOURCES FOR Stress periods for animals occur 
mainly twice during the year: after theLIVESTOCK PRODUCTION rains, when available fodder is drying off 
and diurnal variations in temperature areCLIMATE 	 marked, causing in particular pulmonary 

The West African arid and semi-arid zones are characterized by a single-	 diseases ;n small ruminants; and late in the 
dry season, when there is an absolutepeak monsoonal raintall regime in which the duration of both the rains 	 shortage of feed supply, maximum temper­

and the gruwing season is positively correlated with mean annual rainfall. atures are high and humidity is also in-

The rainy seasor lasts from June to September, with the bulk of the rain creasing.
 
usually falling in August.
 

LAND 
The level and distribution of annual More than half the rain during the Central Mali includes a variety of natural 

rainfall vary ernormouslv. Rainfall at the year 's likely to fall in storms of 2t0 mm or areas, the features and patterns of which 
beginning of the wet ",on (from May to more, with runoff reaching up to 37%. This have led to the development of a wide 
early August) is crucial for both pasture high rate of runoff isdue not so much to re- range of agricultural and pastoral produc­and crops as it determines ernmination and lief as to the texture of the soil surface. 	 tion systems. and the agropastoral systems 
survival. particularl.y of the annual plants Hoiever. in many of the drier areas the which interact with them. On a regio;ial 
that dominatc the natural vegetation. Fig- presence of catenary sequences containing 'asis, temporary submersion by the flood 
ure I shows the relationship betwieen mean soils of variable infiltration capacity adds waters of the River Niger and its tributary 
annual rainfall and erowkin season. How- to the diversity of the environment, the Bani is the major determining Lcologi­
cer, the inter-annual variation in this rela- It is mainly on rites with run-on that cal factor as regards the nature, biology 
tionship is considcrable. At Niono (I I"N tree and shrub densities are greatest and and productivity of grazing land. These 
6"W). for example. the annual rainfall be- pockets ol perenniil grasses are found. It is floods distinguish two main grazing coin­
tN cen 15 June and I October for each of also on these sites that temporary water portents: tie aiea which they cover, known 
the years 1977 to It081) v as about 375 mm. holes develop during the rainy season, as the inundation zone, and the rainfed 

ut the growing season for thcse years was allow ing exploitation by livestock for short pastui-es or continental peneplain beyond 
-10. 711.60 and 55 days respectivel. periods in otherw ise waterless areas. their reach. Flooding in the past has also in­

fluenced a third area. known as the dead 
delta, which forms a distinct unit within the 
rainfed pastures because of its geomor-Fiture I RELATIONSHIP BETWEEN MEAN ANNUAL RAINFALL (MAR), LATITUDE phology, vegetation and human settlement 

\1()R Hi I.AT) AND CIt.-\RACTERISTICS OF I HE RAINY SEASON IN CENTRAL MALI. 
patterns. 

The study area covered by the
1MAR 	 /jrntrlaes
(mR ILCA programme thus includes three ma-

A C e Djor natural areas: 
200 1. The continental peneplain or up­

16" 2,' land Sahel. sweeping through the 
study atea in an arc from the south­

5100I0 	 west to the northwest of the inunda­'300,5*,o tion zone; 
2. '[he dead delta, consisting of the 

4C,O 14' 49' former floodplains of the Niger and 
o~o,,,,, ani rivers, west of the present in­

undation zone;
500 3. The inundation zone, consisting of 

14 	 2*D'6 the present floodplains of the Niger 
Mopi and Bani rivers. 

6oo The continental peneplain consists 
J2L*4o mainly of sandstone overlying palacozoic

schists. The schists themselves outcrop 

700 t i^ * 
26' onlv in the northwest and northeast of the

S3 i stud' area. in the Mema basin and i;i the 
lake areas aroui,d Goundant. Althougih the 

800 , ]\climate is universallv charact:'rizcd by a 
oate 1 5 i 1.5 15.6 06 iS.? 3i? ia 3i 5;9 so.9 1ic 31"io sharply cont: asted short sunmer rainy sea­

son and a long dry reason, a bLoclimatic 

" Start of Q.3 (Al 	 gradient is found running more or less front 
north to south of the peneplain. The gra-Start of usdient 

3 Star? t g]oonq seoson C C" I	 
followis the increase in overall aver­

- ardat rongsa age rainfall fromi 3(g) rm/year to Sl) mn/ 
year and has a sharp impict on vegetation. 
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The dead delta consists of plains of 
alluvial origin, intermittently covered by a 
sandy film or mantle, with a few scattered 
hillocks or winding depressions indicating 
the pattern of runoff. The bioclimatic gra-
dient of the dead delta isidentical to that of 

the continental peneplain, but detecting 
the progressive changes in the vegetation is 
more difficult since the gradient is disrupt­
ed by local geornorphological features as-
sociated with the age and structure of the 
surface alluvial deposits. 

In the inundation zone the biocli-
matic gradient is of little consequence, be-
ing replaced almost entirely by the influ-
ence of the annual flooding of the Niger 
and its tributaries. The main parameters of 
this yearly flood determine the phytology, 
productivity and phenology of the range-
land, and are as follows: 

(a) the maximum height reached by 
the flood water; 

(b) the duration of submersion; 
(c) the initial date of submersion and 

the time lag between the stai of 
the rainy season and the beginning 
of submersion; 

(d) the date on which submersion 
ends; 

(e) the rate at which the flood waters 
rise and fall. 

Each of these parameters has an 
impact, through both its average or ex-
treme values and its interannual regularity, 
as well as through its interaction with each 
of the others. The values vary according toposition in the inundation zone relative to 

the course of the river. 

VEGETATION 
Rainfed pastures 
The rainfed pastures have two major com-
ponents: the herbaceous or field layer and 
the shrub and tree or browse layer. 

The climate, with its sharp con­
trasts caused by asingle rainy season of 2to 
4 months, leads to large seasonal variations 
in the quality and quantity of available fod-
der. The trends foi biomass and protein 
content on Schoenefeldia gracilis range-
land (Figure 2) are typical, decreasing bv 
over 60% between September and June. In 
other species the variation may be even 
greater, reaching 76% for Loudetia 
togoensis and 63% for Diheteropogon 
hagerupiiin the same year (Hiernaux et al. 
1979). Biomass trends measured on one of 
the rare perennial formations, that of An-
drpogon gayanus, show a longer growth 
period and higher production than annual 
grasses. For browse plants, the examples of 
Acacia seyal and Boscia senegalensis show 

Figure 2.
 
BIOMASS AND PROTEIN CONTENT FOR VARIOUS PLANTS ON SAHEL RANGELANDS.
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that there is considerable difference be- dryland pastures. The distibution of rain, 
twcen species, and measurements have re- in particular, appears more important than 
vealed secondary fluctuations resulting total rainfall. Early rain, length of the rainy 
from environment, the age of the plant and season and especially the onset of the rains 
other factors. In general, the leaf produc- (whether they come gradually, suddenly, 
tioncurveofbrowseplantsreachesitsmax- or with one or more interruptions) have 
imum during the rainy season, with the tonsiderable effects. The timing, distribu­
well known exceptions of Acacia albida tion and volume of the first rainfall deter­
and a few of the Cappardaceae. Leaf pro- mine floristic composition by triggering off 
duction usually starts vell seed germination, while the greater or less­before the oinset 
of the rains and often continues long after er resistance of young plants to the irregu­
the) have stopped and the grasses have lar rainfall so often occurring du.ing their 
oried out. This time lag explains the special early growth period further influencezs 
part played by browse plants in overall feed composition. In addition to rainfail re­
resources (Cissc, 1980). gime, soil type and texture, topography 

The rainfall regime is crucial to the and the ligneous plant cover are factors 
biomass and floristic composition of the which affect the water balance. Asn result, 
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the density of young plants, their floristic years, which would explain why many pop-variety and their development stage can ulations consist almost entirely of individu-differ enormously from year to year forone als which are all of similar age.and the same site. The impact of pastoral utilization
Growth is also limited by soil fertili- on the production and dynamics of rainfedty (de Vries and Djiteye, 1982), especially range!and varies according to the compo-by the levels of nitrogen and phosphorus nent concerned, the season and periodicitywhich can be assimilated, Daily growth of grazing, and the management methodsrates range from 20 to 50 kg of dry matter of the herdsmen. For annual grasses, the(DM) per hectare. Where water is not a consequences of grazing differ mainly ac-limiting factor, growth ce iues until cording to season. Ifgrazingoccursoutsideflowering, which occurs independently of the growing season ;t has the immediate ef-rainfall in early to mid-September, de- feet of accelerating the degradationpending on species. Seed production en-

of 
standing hay, reflected in a level of appar-ables the seed stock to be replenished, ent consumption 50 to 100% higher thanthereby influencing the grass cover of the real intake. The apparent rate of consump-following year. tion varies according to plant species andPerennial grasses play a very minor period during the dry season, but averagespart in the floristic composition of these around 10 to 15 kg of DM/TLU per daylow-rainfall rangelands compared with (Hiernaux et al, 1979). Over the longertheir importance in higher rainfall areas, term, however, dry-season grazing seems 

The few species found do not prosper to have only very limited effects on subse-under the prevailing semi-arid conditions.A previous description of the Niono range-
quent production and composition. Whenannual grasses are grazed during the grow-land (Boudet and Leclcrq, 1968) compared ing season, however, in addition to the ac-with a more recent one suggests that An- tual remova! of plant material there is alsodropogon gci. anus, for example, reressed an effect on subsequent production.considerably during the drought years of Herd management therefore has1972 to 1975 (Ciss,, 1978). The periodicity important effects on subsequent proteinand vigour of regrowth are both highly var- availability, which differs according toiable from one year to the next, probably in whether a pasture is grazed early in therelation to residual soil moisture. But in growing season or continuously through-most cases in the drier climates it is oiily out it. Long-term effects on range trend areunder privileged soil and topographical highly variable, depending not only on theconditions that soil moisture will last long type of rangeland but also on the manage-enough to cover the A. gavanus cycle (Fig- ment strategy adopted. In annual grasses,ure 2), in which early growth in May or such as S. gracilis, however, the effect onJune is combined with late seed-setting in protein content is not as pronounced asOctober. Regeneration is made even more 

in 
perennials. The impact of pastoral utiliza-hazardous by the fact that the seeds gcrmi- tion on perennial grasses can be subdividednate with the very first rains, since the re- into an effect on the vitality and productionsistance of young plants to subsequent dry of individual tufts and an effect on tile re-periods is poor. Thus. on a 25 m2 plot cov- generation of the population.


ered with 31 tufts, 125 seedlings developed 
 For browse plants a distinctionin 1976. none in 1977. 46 in 1978, 1 in 1979 must also be made between theimpact ofand 3 in 19801. By 1981) there were only sev- grazing on growth and production and theen plants left (4%) of tho,;e started over the impact on population trends. There areprevious sears, very few general rules valid for all browseGenerally speaking, the woody species and much depends on the timingpopulations appear stable even though a and form ,if hrowsing, which may use greenseries of raitnfall-deficient years might lead foliage, fruit or dead foliage lying on theto high mortality ii some species such as ground. The impact also depends on theTermninalia avicennodtes. Bomhar co.ta- accessibility of the feed to anitnals. Bushes
lum or Grewia bicolor. As night be expect-
 and young trees are directly accessible.e population levels do not appear to be as whereas olier trees and shrtU ,s require in-sensitive as leaf production to climatic vari- tersent(on bv the herders. %%ho practiseations. Regeneration can nonetheless pose various "'ornis of pruning %%hich affectsome problems. S(Ime popiil.lm,, of growth in different ways.
Pterocarpus huens, for cxarmple, ha,-, The longer term efft,ts or browsing
shown no receit regeneration apart from it r,r;m'rily depend on the specific composi­few non-viable secedlings. txlstii st;inds 
 tion of the population. Some browse popu­of thi.s species can thus probably be attri lations- experience a reduction in forageutled to a strics oif exceptionally favomrable production, while in other cases the trend 

S 

appears more favourable. Fjrinstance, the 
rangeland around the rice cultivation per 
imeter of the Office du Niger is losing its 
best species, P. lucens and Combretum 
aculeatum (due in part to their use as fuel­
wood, according to Wilson, 1982), which 
are gradually being replaced by unpalat­
able species such as C. micranthum and 
Acacia ataxacantha. A contrasting situa­
tion is provided by a population of Balan­
itesaegyptiaca, A. seyal and ZiziphtLmau­
ritiana, which has replaced a population of 
C. ghasalense following brow,,ing. 

Woody vegetation is drastically re­
duced by cultivation. Most of the trees and 
shrubs are cut down and only a few bushes, 
such as Guiera senegalensis, Piliostigmare­
ticulata. Z. mauritiana and C. aculeatum, 
continue to produce new shoots. These 
species do so even after several years ot 
regu!ar cutting. Study of a 2-year fallow 

compared with uncleared land illustrated 
the important effects of clearing, not onlyon numbers (295 stems/ha on fallow land, 
as against 1108 on uncleared land) but also 
on cover (2.5% as against 14.5%) and flor­
istic and canopy composition. Traces cf 
disruption on this scale remain noticeable 
for nmany years, and the fallow is often cul­
tivated again before complete recovery. 
Comparison of an older fallow with a sim­
ilar area of uncleared land snowed partial 
recovery (350 stems/ha as against 568 and 
5.30 cover as against 9.4%), but the floris­
tic composition and canopy structure none­
theless remained severely affected.
 

The combined effects of 
 farming
 
and use by livestock are large areas of de­
graded land producing below-average bid­
mass, particularly on sandy soils farmed to
 
millet, which have short fallow periods and
 
are continuously grazed by sedentary live­
stock. Although fears of rapid overall deg­
radation of the rainfed rangelands may be
 
somewhat exaggerated, degradation on a
 
local scale is certainly a problem. Bare
 
ground around villages and major water
 
points, 
 as well as along transhumance 
tracks, is widespread. Degradation is at its 
worst around the Office du Niger land, due 
to increased human pressure leading to ex­
cessive fireotd cutting and overgrazing 
(W\'ilson. 1982). Ilow to stop this process 
and, more specific,!ly, how to convert bare 
ground into )roductive land through a 
conbination of more balanced manage­
inent ind technological interventions are 
problems that require considerable addi­
tional research. 

http:popiil.lm


Table 4.
PHYSIOGNOMIC TYPES OF SOME DOMINANT GRAMINEAE AND CYPERACEAE around the ogutrs, on slopes and near vii-FOUND IN THE NIGER INUNDATION ZONE. lag-s. 

Rhizomatous geophytes may be
Hemicryptophytes Geophytes covered by the flood, in which case they do 

not develop until it subsides (as in the case 
Tussock Floating Lawn Rhizomatous of Cyperus pnaculafus and C. denudarus).grasses grasses grasses grasses Usually, however, they use the reserves 

stored in their rhizomes to develop rapidly, 
Vetiveria nigritiana Echinochloastagnina Cynodor,dactylon Oryzalongistanrinata rising with the flood. They can survive fair-Andropogongayanur Vossiacuspidata Sporobolusspicatus Echinochloapyrarridalis ly deep flooding (0.5 to 1.5 m) when the
Eragrostis bartheri Brachiariamutica Sporobolus helvolus Eleocharisdulcis waters rise rapidly.
Hyparrheniarufa Brachiariamutica Scirpusbrachyceras The different kinds of pasture com­
Pani-un,anabaptisturn Cyperusmaculatus plement each other as a function of flood 

Cyperusdeaudatus regime and season, regulating herd move­ments within the inundation zone during 
the dry season. Where pastures are un­
grazed, total DM production is very high, 

Floodplain pastures as can be seen from Figure 3. The growth 

The pastures of the Niger floodplain con- Figure 3. 
sist mostly of tall grass formations, with the ANNUAL BIOMASS CURVES FOR TWO UNGRAZED PASTURES OF THE NIGER 
exception of the rainfed shnibland found INUNDATION ZONE. 
on the togutrt~s (man-made mounds on 
which villages are built), woody stands in 
the main riverbed and deeper depressions, a) Oryma /ongis/omtnao 
and areas characterized by late and irregu- Above-oundbiomosS 
lar flooding. These grass formations vary (ioao /
 

according to flood regime, as already de- Flowering
 
scribed, and form burgu (Echinochloa
 
stagnina) pastures and several other grass- 10,000
 
land types made up of perennial Grami­
neae and Cvperaceae. Four main physi- V n 1980/81
 
ognomic types, show, in Table 4, can be SOOO 
 Std hayGree
 
distinguished. 

Fussock grasses respond in two dif- Gree Standinghay 

fecrnt ways to flooding, sometimes found. 
in one and the same species, as in the case 
of Vetiveria nigritiana. Either the tuft of 

ON ' D M 'jJ A S DJFMA J. 

grass is completely covered by the rapidly b) EchinNl s 
rising flood, in which case it will only devel-
op after the flood has receded, or else it ;s 
left uncovered, such that the flood height 

bE-gro 
biomos 
(kg a1 DviloS 

h s n 

Stemsandlav~, 
abovewater 

reaches no more than 10 to 30 cm and the 2o.pCO 
plant develops during both the rainy sea­
son and the submersion period, which 
overlap to a greater or lesser extent. 

Flowering 
" ,­ -5,0o0 

tures 
The floating grasses form the pas­

known as burgu, although strictly 
speaking this appellation should be given 
only to E. stagrnina. They are found on 

0,oo0 Regrowth 

deepV subineiged plains (up to 4 or 5 m), 
but the pastures do not survive deep flood-
ing unless the waters rise sufficiently grad­
ually to 2llow SiUmltaneous growth of the 

- Submergedstems 

-ooo 

Subrrwrgsdsems­

stems. 
The lawn grasses colnize the soil 

oo 
o DaJ 'M ' J J 

Rigmwth 
A SO' N J M 'J 

by means of stolons and form swards 
around the uiper flood limit, where they 

F/ 
Key 

/' .lIT 

undergo shallow submersion for short pert-
ods at irreguLtr intervals. Owing to their 
nmorpholtgy and mode of regeneration 

5Jbmemonbyfloodwatera 
Early rains 

:hev are particularly rcsistant to intense Fullrainyseason 

p:istoral uiilizition and are abundant 
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periods are considerably extended over the 
year, contrasting with the rapid cycle of the 
rainfed pastures illustrated in Figure 2.. 
Nonetheless, production varies considera­
bly from one pasture to another and be­
tween years. 

Biomass curves for ungrazed pas-
ture cannot be used to establish seasonal 

availability of the different types of grazing 
land, since these are all subject to intense 
seasonal grazing which modifies both avail-
able biomass and production. With very 
few exceptions (around villages, on to-
guerds and embankments) the floodplain 

pastures are not used during the rains and 
flood season. On entering the inundation 
zone the herds thus find tall pastures, usu-
ally with a high biomass (5 to 10 t of DM/ 
ha) but of average to poor quality and diffi­
cult of access. Initial grazing leads to enor­
molls waste. After tie first grazing, re-
growth occurs, which is grazed together 
with any remaining standing hay, if this has 
not already been burn( off. The impact of 
grazing on forage availability and produc-


tion is shown in Figure 4, which gives bio­
mass curves for two types of pasture. These 

curves show the effects of traditional pas-
toral management, together with the pro-

duction curve for regrowth obtained by 

cutting once every 2 weeks. 
The effects of management on re-

growth during the same year and on vege-
tation during the following year are cur-
rently being studied, but it is still too early/ 
to draw other than preliminary conclu-
sions. 

The effects of cutting, burning ind 
grazing often seem beneficial and are gen­
erally the more so the earlier they occur, as 
the floods recede. Early grazing stimulates 
the growth of Andropogon gavanus, and a 
grazing cycle of 15 - 31)days would proba­
bly produce optimum growth for this spe­
cies. In the case of burgu pastures, early 
grazing by livestock while the pasture is 
still under water, or at least while the soil is 
still moist, has favourable effects despite 
the resulting wastage. It stimulates re-
growth and makes tillering easier, thereby 
giving better chances of development dur-
ing the following year. For E. stagaina the 
optimum grazing or cutting interval is as 
short as 10- 15 days. Burning does not ap-
pear to stimulate regrowth to any great ex-
tent, although it makes fodder more ac-
cessible to anthials. Its main effect is the 
loss of large quantities of standing hay of 
poor quality. Late burning appears to have 
a slightly depressive effect (inregrowth. 

Cropping in the inundation zone is 
an additional factor having an impact on 
grazing resources. The yearly cultivation of 

lo 

Figure 4.
 
ANNUAL BIOMASS CURVES FOR TWO GRAZED PASTURES OF THE NIGER
 
INUNDATION ZONE.
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rice takes up a variable (but overall a large) grazing; and, since shifting cultivation is 
proportion of the floodplain. This cultivat- often involved, a further effect caused by 
ed area has incieased with the spread of the increase in fallow land. Although some 
animal traction in recent years. The range rice plots can be grazed after harvest, loss 
of rice varieties and cropping practices of fodder depends not only on the success 
used (preliminary clearing, burning, re- or failure (fairly frequent, since flooding is 
peated ploughing, partial control of flood- not controlled) of the crop, but more espe­
ing by dykes) means that all rangeland with cially on the original type of pasture. For 
Oryza longistaininata and Eragrostis bar- Oryza, Eragrosts or Vetiveria pastures, 
there, a large proportion of the burgu and substitution of a perennial cover by an an­
some of the Vetiv'erta formations can be nual one rules out dry-season regrowth. 
used for cultivation. There is thus consider- For hurgo the loss is considerable, estimat­
able potential competition for land be- ed at maintenance rations for 6TLU/ha for 
twecn rice cropping and animal produc- 6 months of the dry season at the mini­
tion. mum. No data are available on the produc-

Cultivation has two main effects on tivity of fallow land, but initial observa­
grazing resources: loss of forage caused by tions indicate rapid regeneration of pre­
planting rice on land previously used for vious formations, taking 2 to 3 years in the 



case of Oryza and 3 to 5years in the case of longer term their vegetative composition of entry to the inundation zone. Analysis 
burgu. Regeneration is more variable for will probably change. In areas where flood- shows that about 60% of the cattle came 
less regularly flooded formations, especial- ing is marginal or irregular owing t,higher from the northwest or the southwest, 26 % 
I',Vetiveria. elevation and location in relation lo water from the south and southeast, and only 

A secondary impact of cultivation courses, the Vetiveria savanna is rapidly 14% from the northeast and east. 
arises from the extended use of burning in giving way to dry rangeland with Acacia During the aerial surveys the sea­
order to clear a plot of stubble or standing se'al.A. nilotica, Z.,nauritiana and agrass sonal movements of livestock towards and 
hay before ploughing. An additional but cover consisting of Sporobolus heleolus within the inundation zone were mapped 
important indirect impact lies in delayed and some annuals. Changes of this kind are and quantified, while landscape units coy­
access of livestock to some existing range- likely to become more widespread and less cring the delta area were also delineated 
laod areas, where access has to wait until easily reversible as water development (Figure 5). Table 5 shows cattle distribu­
harvesting is over and cultivated land can projects in the inundation zone or farther tion and densities for the different units at 
be crossed. upstream permanently alter the natural different times. In October, high densities 

Where cropping is not intruding on flood regime. The consequences for crop were encountered on the fringes of the in­
pasture land, the inundated pastures ap- and forage prOduction in the inner inunda- undation zone (in an area known as tie 
pear fairly stable floristically, but in the tion zone may well be far-reaching. "transitional zone") and in the elevated 

plains where flooding bad not occurred. 
Thl. sC high densities reflect the presence of 
cattle which had returned from their wet-

LIVESTOCK RESOURCES AND MOVEMENT season grazing areas in the Mema and 
Mauritania but had not vet been able to 

PATTERNS enter the inundation zoie. These concen-
ILCA has carried out aerial surveys enabling qutantitative data to be as- trations mainly occurred in unit!; 8. 1). 12ard 14 (Fiure 5): units Ii and 10 al-,o had 

senblcd on livestock numbers and mlovements in central Malti. These data large concentrations of lnirials returning 
are far more detailed than those previously available, fron the ,ouih.Other units with large con-

An estimated area of some 220 00l] kni 2 in central Nali is affected by centralllons at this tinle 4 and 5. forwere 
the water and fodder resources of the inundation zone. In other words, cattle conung out of the Seno Mango and 

13, this las probaibly containm ,oi Tua­
animals in this area have possible recourse to the floodplain, either regu- rev cattle aitmi a late cntl I0 ihedelta 
larly or in times of stress. On a year-round basis there are approximately front the wcst. 
1.85 million cattle and 2.7 ) million small ruminants in this "irca. BY Mairch 1981. when most of the 

inundation zonC had ilrcads dried out. the 
piure was coinpletcls differcn. SonicTile Niger floodplain provides highly pro- earl:' dry-season count probably illustratt_ 72', ofCattle wclc nu, oncctlirtld in the 

ductive dry-season graziing and therefore the relative Importance of these three axes, 
acts is a inagnet for lixetock owners 
spread over a considerable surrounding Figure 5. 
area. lIiwever. its attractivencss diliin- LANDSCAPE UNITS AND CATtlE MOVEMENT TOWARDS AND WITHIN THE 
ishes with tileicreasing distance herds NIGER DELTA DURING TItE.DRY SEASON. 
have to travel to it. The farther herds move 
away froir the floodplaii during the wet 
season and the more 'ehcttcarized they are. 
the less thle.%depentd onl It as adry-season 
grazing resource 

The major influx of herds into the X 1,. . 16" _ 
inundatiOn zone is frorn the wesl and * ' 

northwest. These arc mins "resdciit'" O -O.k"")b . 
herds inanaeUd by transliiant o.ners. 

viiignu pastimes III tile dead del-
ta. the Nmnli and the I lod I larki ire:, 
Il a% Isao *.b.-oc 

4)t _ _ . , ,, 

,juritania. Siinctinlc,, a lfew nonildic 2 

hcrds lso com1e mnfrom thr, dircction. A El4 "18-

SeContiL t fro is r-1011 Ith northeast. i No_- ,1o 

w sIc it cd inoit v s t t ,i r"pur IsturalIsts f romit _ 
tihe western (iourmna ind irinake ireas. 8 Y J 15 

A third iftll\ clmes trwtin 1Cle hillIt 
sceni- to the '1pemictratc Iu,,d. ,r, ,,,, 

Ali acri;il sircv in laie(cober - / 5
l1980;cou~nted ,,,miel((i lad ofci b "" ­810 t he~l ,llc / x"O: \( ffnly" outnd ini late March.",1',of the total 

1981 ).but the proportions making up this 
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floodplain proper, where they were to stay 
until June or July, before the annual trans-
humance cycle began again. 

The distribution of small ruminants 
follows a pattern similar to that of cattle, 
although the return from the wet-season 
rainfed pastures is rather later. In October 
1980, 45% of sheep and goats were still on 
rainfed pastures, with only 34% illthe tran-sitional zone. By Mairch 1981, however, 

siinlzn.B ac 91 oee,most of the sheep and goats with perma-
nent bases in the inundation zone had re­
turned there. Most small ruminant flocks 
in this area are fairly large - more than 100 
head, while those of over 30)0 are not un­
common. In the central inundated plains 
and in the burgu units (11, 13, 16, Il and 19 
in Figure 5), the vast majority of small 
ruminants are Macina sheep. Outside 
these areassheep andgoatsare of the Sahel 
types. 

Grazing resources generally appear 
more than sufficient to meet overall de-
mand, but so much depends on available 
water resources that overall carrying ca-
pacity estimates for the whole area have 
little value. During the height of the rains, 

Table 5.
CATTLE DISTRIBUTION ACCORDING TO LANDSCAPE UNITS INAND NEARTHE NIGER DELTA AT TWO SURVEY DATES. 

October 1980 March 1981
 
Landscape units'
 

.00 % headfkm 2 '(W % headfkin
 

1-6: Rainfdpastures (Sahel) 226 28 17 63 5 57-9:Transitinal zone 237 29 41 91 7 16 
10- 12: Elevated plains 230 29 40 189 16 3213-19: Inundated plains 114 14 10 871 72 78 

807 100 . 22 1 214 100 34 

As shown inFigure 5. 

from the end of July to late September, 
grazing is little restricted by lack of water 
supplies. However, immediately before 
and after this period - i.e. for about 3 
months in all-water is scarce, placing large 
parts of the rainfed area out of bounds for 
grazing livestock. The population of 0.5 
million cattle and 2.5 million goats and 

THE AGROPASTORAL SYSTEM 
The agropastoral systems have traditionally been crop- rather than live-
stock-oriented, and it is only recently that livestock have assumed any im-
portance in total household resources. Nowadays, the majority of farmers 
in both the rice and the millet surisystems own at least a few ruminant 
animals and many have a donkey. Cattle holdings of the sedentaty Bamba-
ra population of central Mali have increased considerably over the past 30 
years, probably as a result of favourable agricultural conditions, high pri-

esforgroundnuts during the 1950s. and the relative price movements ofces 
millet and livestock (especially during the 1972/73 drought). The owner-
ship of livestock now plays an important part in these agropastoral sy-s-
tems, absorbing surpluses and cushioning deficits resulting from the inter-

annual variability of rainfall and millet yields. 
touseholds without live-stock are reduced to more costly methods of surviving grain deficit peri-
ods, for instance by sending sons out to work for other households during 
the rainy season. 

In the rainfed millet subsystem three out of 
every five families (61.2"',,) own cattle, al-
though onlN one out of every two fanilies 

(51)(51.5%)owns an ox-drawn plough. In tire 
irrigated rice subsystem four out of five 
families (80.1') own cattle, vlth slightlv 
more than that number also, owning 
ploughs. Evidently there is more mechani-
zation in the irrigated subsystem than in 
the rainfcd. Fle numbers of oxen and 
ploughs owued perfainlv are also higher in 

the rice subsystem, so that the degree of 
mechanization and its effects on herd stru,:-
ture are in reality even greater than the 
above percentages

.ing
suggest. 

Ownership of animals has been fa-
cilitated for Office du Niger tenants in the 
rice subsystem by a scheme for the credit 
purchase of work oxen. This class of stock 
is, in erms of feed requirencrts and co-
nomnic value if not in absolute numbers, by 
far the most important in the subsystem, 

sheep which remains permanently outside 
the inundation zone therefore faces partic­
ular difficulties. Mcps depicting potential 
carrying capacity based on standing bio­
mass should include an assessment of the 
seasonal distribution of water resourcesifa 
reallsticappraisalofactualcarryingcapaci­
ty is to be obtained. 

Although in geberal terms the live­
stock of the agropastoral system may be 
considered sedentary, the real situation is 
more complex. Seasonal movements do occur, mainly to suit the needs of agricultu­

ral operations. In particular, the cattle of 
the rice subsystem are fairly mobile during 
the wet season, and movements of 80- 106 
km regularly take place. he herds of the
milhkt farmers move less far and for shorter 
periods, distances of 31 - 50 km being the 

norm. On the other hand. goats and sheep. 
particularly the former, can be considered 
truly sedentary, although part of a family 
flock may be moved for alonger orshorter

period to a family mcrnber living in another 

village. Some ethnic groups, with a lesser 
or more recent interest in agriculture, are 
also more mobile than the traditional crop 

farmers. 
te rie su hastcin ad­

ns oer tilltyte ead­to higher productivitY. In thle rice sub­system, for instance, the stall-feeding of 
castrate sheep, known throughout franco­

phone West Africa astrourons tie'cave, is 
muc esie W ater alabii­
tye roedu wer is also a b 
ayea rn were in the mile ss­
system it is scarce luring the dr, season. 
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Table 6. 

MANAGEMENT AND ENVIRONMENTAL FACTORS IN THE MILLET AND RICE 

SUBSYSTEMS. 

Factor Millet subsystem Rice subsystem 

Water availability Restricted in dry season Abundant all year round 
Crop residues Limited availability in time, Longer season of availability (later 

Dry-season fodder 
quantity and quality 
Very limited, some early 
browse in hot dry season 

in dry season), betterquality 
Weed regrowth on irrigated fields 

Supplementary feeding Generally not practised 
(little surplus cash); 
salt occasionally provided 

Fairly common, especially for sheep:
rice bran, legume haulms, leaves of 
Khayasenegalensis;work oxen some-

Energyexpenditure High in dry season due to 
longer distance to water and 

times fed, but insufficient quantity
and poor quality 
Lowerforlongerperiodonaccount 
of proximity of water and lcnger 

sparse feci availability 

Table 6 lists some of the main differences 
between the millet and rice subsystems 
which account in large part for the better 
performance of the latter. 

THE MILLET SUBSYSTEM 

General description 

In the millet subsystem producer strategies 
are determined in an environment of high 
risk. Land is not at present a scarce re-
source, but there is evidence that pressure 
on both land and water-resources is in-
creasing. Competition for them between 
and within local groups is likely to intensify 
in the future. The area under cultivation is 
expanding as a result of population growth 
(now about 2.5% annually), increased 
cropping by primarily pastoralist groups, 
and the recent widespread introduction of 
the ox-drawn plough. Most striking is the 
rate of immigration, both permanent and 
seasonal, of farmers from the south and 
west searching for more fertile land, and of 
others who have abandoned their farms 
near the irrigated zones, where depreda-
tion by birds inflicts heavy losses on crop 
yields. There is also conflict over rainy sea-
son pasture and water resources between 
the sedentary or short-distance transhu-
mant groups native to the area and tilt 
longer-distance transhuntant groups who 
arc more recent users or merely temporar, 
residents. These conflicts mostly concern 
damage to crops by transhumant herds. 

Villages are autonomous in the 
sense that each is represented by its chief to 
the government and i tile proprietor, as a 
community, of tie land around it. The vil-
lage territory extends to the midway point 
between tile village and its nearest recog-
nized neighbour. In theory, new settle-
nients in this territory, whether temporary 

farming hamlets, offshoots of older villages 

growing period 

or immigrant communities, are considered 
as outsiders subject to the authority of the 
older village. But in practice, while this ju-
risdiction may be respccted for certain tax 
and administrative purposes, a village has 

little control over the use of land on the 
edge of its territory. Still less can it control 
Fulani settlement and movement in this 
outlying area, since this group is not part of 
the same jural and ritual community. 

The main crop is millet, but sor-
glium, groundnuts, cowpea, voandzou and 
other minor crops are also grown. Tw. 
main varieties of millet are cropped: a rap-
id 90-day variety, souna, cultivated on the 
permanent, manured village fields, and a 
longer-ceason variety, sanyo, cultivated on 
the unmanured, shifting bush field;. There 
are many varieties of both sowina and sa-
nyo, with different growing cycles, grain 
colours and so on. Each village has a mix-
ture of such varieties and it is common fora 
farmer to experiment with different seed 
grains reputed to have parti,:ular charac-
teristics, either front his own oi from a 
ncighbouring village. 

Groundnuts, introduced in the 
1940s. are cultivated by households and in-
dividuals in varying quantities for sale or 
for home consumption. Voandzou, grown 
by almost all houselholds, occupies a spe-
cial place because it ripens before the early 
suna crop is ready, providing food for 
those with empty granaries and a more var-
ied diet for those who still have millet. Fo-
nio (Dtgitaria spp.), although formerly cul-
tivatcd by the household on substantial 
areas of land, is now a women's crop with 
plots seldom reaching 0.25 ha. Women also 
cultivate other minor crops in tie village 
fields, such as tomatoes, okra, maize and 
sorghuni. Only in villages farther south 
does sorgltun occupy a more important 

place. 

[he land-use pattern is typical of 
West African dryland cropping, with a se­
ries of concentric rings around the village. 

A ring of millet fields immediately sur­
rounds the village, continuously cultivated 

and permanently owned. This inner circle 
grows outwards as the village grows and as 
individual households increase their capac­
ity to manage a larger area. A second or in­
termediate zone beyond the inner circle 
consists of land that was used for bush 
fields some years ago bit is now mostly left 

fallow, with asmall proportion used for the 
shifting cultivation of groundnuts, voand­
zou and fonio. The third and outermost 
zone represents the area in which the vil­
lagers can cut a bush field, its outer boun­

dary depending on the distance to the 
neighbouring village and the distance that 
household members are prepared to travel 
to reach the field every day. Land in the 
two outer zones is not permanently owned, 
and abandoned fields revert to bush after 
various pericds of cropping, whereas in the 
inner zone all the land is continuouslyculti­
vated. In the outer zones the cultivated 
area varies from 3 to 10%, depending ott 
land pressure and the length of the fallow 
period. 

Labour is mostly found within the 
family unit, but outside labour can be sig­
nificant at harvest and threshing periods. 
Farmers commonly encourage transhu­
mant pastoralists to spend the dry season 
on the continuously cropped inner zone. 
They do so by providing water in exchange 
for manure from the animals. Increasingly, 
they dig wells on their land in order to at­
tract pastoralists. Yields of millet from this 
inner zone can thus be quite high (an aver­
age of 1150 kg/ha in surveyed villages in 
1980). They can be maintained at high lev­
els although they arc always subject to the 
amount and, above all, the distribution of
 
rainfall. The two outer zones give much
 
lower yields. 

Almost all transactions in the local 
economy co4n be carried out with millet. 
rypical goods or services purchased for 
varying amounts of grain might consist of a 
new plough or other items from the black­
smith, herding services from a Fulani, 
livestock and milk purchases from Fulani 
and Maure groups, sauce condiments 
(dried fish, peppers, etc ) from village or 
travelling dealers, or'assorted services such 
as hair plaiting, calabash repairs and so on. 
The role of millet as a medium of exchange 
in the system depends greatly on the dis­
tance from tile nearest market, with vil­
lages nearer centres of commerce being 
more involved in the cash economy. 
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Such involvement in the cash econ-
omy as does exist arises from the need for 
cash to fulfil specific obligations, for in-
stance tax payments or marriage expenses, 
or to make specific purchases, such as a 
donkey cart or a sack of raw cotton. The 
main sources of cash are migration earn-
ings, millet and groundInut sales, and sales 
of livestock and craftsork. The common-
est need for ca,.his the annual tax paylent 
which each household must make. and it is 
this that forces all houscholls nto the cash 
economy atleast once a year. 

Crop improvement 


Given tie importance of nmilletthis sub-
til 

system, increasing grain prodh "tion Is seen 
as the first step illimproving both tle nutri-

tlion and the wealth. it a millet-based econ-
onilv. of the local inhabitants. Increased 
millet production \%ould also benefit the 

livestock con poLncnt if laircr amounts of 
crop residues were let in the field for 

ira,ha).st afe aicpoig after harbesct. M eor ic-Ir 
duced either by ilc reasiiz eLlds per lie-
tare or by expantding the arC.1 umder culi-
ratron. 

Soil ntitrogen iid phosphtoruis d 

creasintg crairi .ield s per hiectare, bitt rca-­r 
sonable ntil,.tyields can h e achieved with-
illthe inner circle of village fields. v.,here 
large anounts of aninal dung cal be ap-
plied. Aniial duntg is tot ,vailahlC itl suffi-
cieit quarlitic, for larce areas, owever , 
andithe Sllt rtce o cash intlhe rural ccohio­
rliV placEs st\e-c illitatios tt teile pui­
ci se oi nitro cnturtilizer. 

Fxpaiii itfII cropping.v dcpcnd-
largcl. otilhie ,iail,lhililts o ork oxn and 
their ctficicnc hich is a ftUiction oithcir 
size arid ntri iial ta L,S. If:;title toare 

phoiugh cficicntly., tlc niluSt be better fed 
than at preset..lthrol(lie tng drN,lo' calt~lon.
 

that precedes their peak workinl period. 
,
Ircre;isngi anitmal feed ailiplics I thu-s .! 

key factotr i production.:iitnprin arili 

anrd It%ldlalsii ._ porta ithta i ti icial 
siLe-effects: not oil 1 the \%ork cfiencill 

tf cattle lieiipri c o their inutputvd, hut al 
fi i tit irld rc[1tilk. (jrc ll_ teed supplies 

talsi ineeed fior t re grussiiig popirlariri ofI 
st ifll tlllllirS, is dlsease alldrn,iVCe-
tent iiltatitnli briri lloiIut ,idclh itin. 


ntortality rate,. 
it viL!i"of the ti-icd to incrcase Soil 

The programme's work on Ilegutncs 
began with trials on the seedinq , otic 
and indigenous herbaceous and t,,uvse 
species in natural vegetation, witl IL 

without phosphate fertilization. L to 
low rainfall and competition from the natu-
•ralvegetation, results were disappointing 
Among the 40 or so herhaceous species 
tested, only Alysicarpus o'aliflius, A. 
vagiinatts, Afacropiliuin atropiirpurcuni 

(Siratro), Stvlosanthesfructiosa,S. haniata 
and the varieties of S. huniilis, S. subiricea 
and S. viscosa survived the first dry season, 

while despite i eseeding almost all died out 
over the 3-year.period of the trials. Of tie 
ieiht brotse species also tested, only two 
local species ([Bauhinta rujfrvct'nsand tilio-

stigsahrti n ) Sill;wed survival rates 

of o,,cr 51'% (7(%and 53 "1respectivelv) 


during a 14-month period to Deceibe 

19)9l These poor results %%etc contfirned 


Forage yields of up to 15X1 kg of DM werc 
achieved. Further work still needs tt;he 
done on variety selection to ensure ade­
quate seed production even in years of 
poor rainfall. 

In the traditional system cowpea 
seeds are distributed haphazardly amongst 
the millnt, which is sown regularly through­
out the D!d. During sowing the cowpea/ 
millet seed ratio is usually about 10%U, and 
at harvest cowpea stands constitute some 
4'!o of the plant population, but these pro­
p ; .ons vary according to the producer. 

The haulms are mainly fed to horses, sheep 
and donkeys, while the grain is used for hu­

man consumption. 
The ILCA team has carried out 

experiments on the effects of various types
of intercropping. Sowing cowpea together 

with millet does not affect labour time.but 
harvesting tie haulms of randomly distrib­

tv further trials on the saic site in l<';SO,uted plants is time-consuming. If the cow­
after which it was decidCl to coincentrate 

owpca ,f[ % mtin stratcgpigrotnon isthe 

for ilproving aninial nutrition and soil 
fertilii. 

Trials in ll'7l had led to the sclec-
tion o f 22 cowpea varieties for further test-
ni-ic i I0). Selection was based ott foraiwC 

ciencies remain a major constraint on ill- yield toietier with a yield of seedsufficict 

for pl,-iing insubsequemnt years. CrCping 
varetics prlduced more Itauln than senti-
erect ones, which in turn outviclded erect 
ones. For forage productitn ceeping, var-
icties are also preferred by farners, as the 

li:iultis C:in tbcrolled iito a bail ,lld ,torcd. 

1:i1ure 6 

pea is cultiv:ited in pure ridges at regular
interv:!L, among the millet ridges, sowing is 

sMoite isannire laborious but harvesting becomes 
niuch casier. Both methods might create 
competition for minerals and/or water be­
twcrn the two crops. A third method,culti-
Vating cowpteas alone inrotation with mil­
let alone, would avoid all problems of 

water, light and nutrient competition but 
might also reduce teilearea under millet. 

Since tihe local inhabitants rely on 
millet for survival, any innovation which 
reduces millet production has ito chance of 
being taken up. titnovations with cowpeas 

i)VF, . 'ItSA','ltA(id ANNI'AI l I 'tt1 [)t; WITI IW( t)IFFI-RF'NT 
I F Ril I/tRS AIV ARIiUSII-VItS. 

ti"ps (ahWilh5ut dunq 

C,], 
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_ 
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nitroe.t the ist re:economicalnirs. 
these higher feed requirernnts callpriihni- 4 xl 

blV best be net thru ih(lie ntriuetitul of 
nitroLern-fixinc lectiures. Ilhse ca hll 
planted tilnatural raingcelaiid and fillns. 
or as a forage crop. either in mttixed stands 
or in riotatitotn vitl food crons. 
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(or other forage legumes) should thus drought. A preliminary economic evalua- about 10-12 years. This means that few 
neither increase labour demand at the ex- tion of these trials shows that fertilization cows achieve a total lifetime production in 
pense of millet nor in any other way ad- gives marginal yield increases after 1 year excess of four calves. In an extensive sur­
versely affect millet yields, of cropping. It also indicates that fertilizers vey it was found that less than .1% of all 

Results so far suggest that in a year frequently do not pay in the first year, but cows produccd more than four calves dur­
when rainfall is well distributed cowpeas that during the second year applying single ing their reproductive life. No practices to 
will not influence millet yields when inter- superphosphate becomes economically control breeding are undertaken, which 
croppcd at rates of less than 30%; but in a worthwhile. As Figure 6 indicates, the rL means that calves may be born throughout 
year when rainfall is less favouiably distnb- sponse to single superphosphate over 2 the year, although there is acalving peak in 
uted cowpeas are more competitive than years amounted to approximately 1.5 - 2.t0 May and June as can be seen from Figure 7. 
millet and respond betxer to phosphate fer- kg of millet per kg of fertilizer. Since I kg of This peak is related to conception during 
tilizer. P,O, costs 357 Malian Francs (MF) as the previous rainy season. 

ILC.A research has shown that solu- single ,upt.rphosphate but only 304 MF as Birth weights are low, at 18 kg for 
ble phosphate fertilizer increases millet ammonium piosDhate, it is more profit- males and 16 kg for females, and gains to 2 
yields in a ratio of 5 kg of grain per kg of able to use the latter. These low marginal years of age average 100 g per day, result­
fertilizer applied. Insoluble rock phos- yields nonetheless demonstrate that there ing in weights of about 140 kg at that age. 
phate, on the other hand, is probably in- is an element of risk in using fertilizers. Mature adult weiglts of about 240 kg for 
effective under low rainfall regimes and
mwf even adversely affect yields. The Table 8. 
reidu effectsverseoflong-t ierphphs
residual effects of long-term phosphorus 

CATTLE HERD STRUCI'. RES IN VARIOUS PRODUCTION SYSTEMS 

application are encouraging. Figure 6 System (% of totalanimals) 
shows the results of trials with and without Sex and age group 
the additional use of animal dung. The hgh Rainfed Irrigated Delta 
organic matter coi:ent of dung probably millet rice pa.;toral 

reduces the short-term effect of mineral 
fertilizers, but over the long term a combi- Males 
nation of the two is better than fertilizer < I year 5.6 7.2 9.9 
alone which, in turn, is better than manure 1-3 years 8.5 9 3 12.5 
alone. However, under the soil conditions ) 3 years 32.7 46.3 15.6 
and semi-arid ,:limate of central Mali nitro- Total 46.8 62.8 38.11 
genous fertilizer !.;probably effective only Females 
if other nutrient deficiencies, and particu- < I year 6.2 5.7 111.2 
larly phosphorus, are first eliminated. 1-3 years 11.3 11.1 15.2 

The effect of organic and mineral )3 years 35.7 20.2 36.1 
fertilizers is influenced by the man,, other Total 53.2 37.11 62.11 
variables affecting crop yields. Fertilizers Workoxe,,i. oftotalherd 32.3 43.4 9.3 
are efficient only if other conditions, such 
as early planting in moist soil and early and 
frequent weeding, arc optimal. The results 
of fertilizer trials in three villages are sum- LIVESTOCK PRODUCTION females and 300 kg for males are not at­
marized in Table 7. The increase due to fer- tained until till( animals are at least 5 years 
tilizer treatments ranged from only 13% in Cattle old. The marked seasonal changes in the 
village A to 130% in village C. Fields in vil- In terms of biomass cattle are the most ina- semi-arid zone do not only affect reproduc­
lage A received large amounts of oranispecies of livestock in the agro- tion: they arc reflected in the considerable 
manure: in this village no nitrogen icrtiliz- pastoral s.stem. As can be seen from Table weight chanites in all classes of stock which 
ers were tested since farmers claim that 8, their chief function is work. and the rela- occur over the year. Mature males vary in 
they make plants more sensitive to live importance of vorking males in agro- weight front as low as 280 kg at tie end of 

pastoral herds is comparable to that of June to about 3401 kg at the end of Sep-
Table 7.
AERG M E milk-producing females in pastoral herds. tember, while females show similar season-
AVERAGE MILLET GRAIN YIELDS The productivity of breeding cows al chages. losint about 20,, of their body 
IK(;/l IA, FOR SOUN.4 VARIETY FOR is relatively low in the agropastorai systein. weight on average in lie course of an annu-
TI, LIREVILLAGES RECEIVING FERTII . due mainly to three factors: poor calving al cycle. 
IZAlIGN 01: INNER ZONE F.IELDS;. efiti:po avn tcce 
___TIO N__ FIN N E R _Z O N E__.IE ______ rates, slow grow th rates and high death Mortality is the third factor contri­

buting to low productivity. )uring a 2-yearFentlization rates. 

Village Fewer than 17% of cows calve by 4 period 21";, of all calves born died before 
yeLi rs of age. although by 6 years almost reaching 12 tionths, wlite total herd

Cpe - 90'%. have had acalf. The overall long-term deaths amounted to 6.2",. As a result of 
P:O calving percentage probably varies be- these thie factors offtake is low. with 

-twccn 55 and (,",,.equivalent to a calving animals marketed alounting to only 7.4% 
A 1397 1 585 - interval of 6(00 to 60(0 days. For 58 observed of the herd, sales being made up mainly of 
B 637 782 99l intervals under traditional manaecmncnt older, culled cows and exhausted work 
C 405 833 92) conditions in the ILCA study arca the aver- oxen. 

age was 013 days. Cow: on average live 
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Figure 7. 9, remains remarkably constant in terms of 
DISTRIBUTION OF PARTURITIONS BY MONTI I OF BIRTH FOR CATTLE IN THE AGRO- sex and age structure. Breeding females 
PASTORAL SYSTEM. amount to about 55%, of all animals in most 

cases. With few exceptions in the seni­
arid zone, traditionally-owned subsistence 

Number of parturitions flocks are breeding units aimed at produc­
,50O ing the maximum number of young with a 

view to the home consumption or sale of 
45 	 males for meat, and to the replacement of 

older breeding females by younger ones. 
40 Milk, more especially from goats, is a by­

product of these management aims in the 
35- agropastoral system. Commercial offtake 

very often consists of an older female (45% 
30 of goats and 70% of sheep slaughtered over 

a 2-year period at Niono abattoir were ma­
ture females), indicating that most male 
sheep and a fair number of male goats are 

20 	 retained for home consumption. 

Goats and sheep were not affc-ted 
5 to the same extent as cattle by seasonal 

variations in feed resources. This was 
10 mainly reflected in the less pronounced 

peaks in births, which were spread more or 
5 less evenly over the year. Only a slight in­

crease in births was evident in the cold dry 

.......... season,
... related to conception just before 
J M A D and at the onset of the rainyseason. In rela-

Month ot birth tive terms both goats atid sheep were more 
efficient at reproduction than cattle, with 

Season at birth total lifetime production of young being 

A ' M 'J J A 0 N D J F M about l0 for goats and 8 for sheep. Thedif-
Month of conception ference in numbers between the two spe­
_________/ ______'_____________. ____._c__ cies was due only in part to longevity, its 

Season at conception major portion being accounted for by the 
Legend. greater number of twin births to goats, in 
~dryCold E.._d ryHot late I -roins which average litter size was 1.24, while inRoins s-an 

sheep it was only 1.05. There is little differ­
ence in parturition intervals between spe­
cies, the average being about 260 days. The 

Small ruminants 	 sheep are its current account. Although effects of parity and season on parturitinn 
flocks are 	 characterized by a rapid turn- interval were significant, as were the man-

If cattle are the capital or deposit account over-particularly for males-the composi. agement practices of individual owners. 
of a !ivestock enterprise, then goats and tion of the flock, as can be seen from Table The annual reproduction rate for goats is 

Table 9.
 
SHEEP AND GOAT FLOCK STRUCTURES IN VARIOUS PRODUCTION SYSTEMS.
 

Sheep 	 Goats 

Area/ethnicg roup 	 Males(%) Females(%) Males(%) Females(%) 

Total 	 Olderthan Total Breeding Total Olderthan Total Breeding 
15 months 15 months 

Dalonkebougou/Bambara 24.5 2.8 75.5 54.4 29.5 8.6 70.6 50.5
 
Niono/millet atd rice 25.5 5.2 74.5 52.8 24.9 
 5.5 75.1 56.4
 
DalonkebougoulMaure 22.9 7.0 78.1 58.1 20.2 3.2 79.8 
 55.1
 
Dead deltafFulani - - 28.6 71.4
- - 7.9 56.9
 
Goundamfuareg and Fulani - - - - 26.2 6.8 73.8 
 53.5
 
StgowFulani 25.9 1.2 74.1 52.3 22.7 2.2 77.3 51.8
 
Diafarabe/mixcd 29.1 5.5 70.9 50.2 - - - ­
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about 1.6 kids and for sheep 1.4 lambs per Tablebreeding female. First parturition in both 
10. 

WEIGHT DIVERGENCES (KG) FROM OVERALL AVERAGE AT SPECIFIED AGESspecies occurs aboutat 470 days (15.5 FOR FLOCKS IN THE MILLET AND RICE SUBSYSTEMS.
 
montIh,,).


In general growth might be con- Divergence from overall mean weightsidered satisfactory under the prevailing Age ofmanagement system. Sheep were heavier animals Milletsubsystem Ricesubsystemthan goats throughout their life, but there (days)

were greater differences bet,; een the rice 
 Best flock (+kg) Worst flock kg) Best flock (+kg) Worst flock kg)and the millet subsystems than the differ­
ences due to any other variable with the ex­ception of individual management. The 150 5.0 2.3 9.2differences in weight (of goats and sheep 6.6240 6.2 4.5 18.1 7.9combined) due to system and flock are elo- 365 6.4 7.1 11.2 6.7quently illustrated in Table 10). 550 7.0 5.0 7.5 6.0

The most important factor reducing 730 4.1 4.6 _
 
total productivity in small ruminants was
 
preweaning mortality. Overall, 
 thisamounted to 34.6% in goats and 30.3% in after birth. Seventy per cent of all deaths cantly lower for a given biomass in the July­sheep. Mortality was significantly affected occurred before 15 months. October period, when forage quality wasby type of birth (single, twin, triplet), by Irdices based on the weight of high.season of birth and by subsystem. Deaths young at weaning have been,calculated in The distance walked is largely de­in goats were 39.1% in the millet subsys- order to illustrate the principal variables termined by environmental factors, name­tem, compared with 30.. 1%in the rice sub- affecting production. Mean figures for ly the availability of biomass and drinkingsystem, while the corresponding figures for these indices are given in Table 11, which water. When biomass availability was low,sheep were 34.8 and 25.8%. The effects of also shows the effects of different variables for instance from April until July, the dis­the length of the previous patturition inter- on the indices. tances covered were quite high (14val on preweaning mortality were also test- km/ 

ed. Parturition intervals of 183 days or less 
day). In October and November, when the 
surface water in ponds had dried up but theoccasioned a54.9% mortality rate, 184-213 ANIMAL NUTRITION presence of millet and rice crops preventeddays ,a 27.9% rate, 214-244 days a 29.2% Cattlerate and 245 days and greater a 25.25% access to the more permanent waterpoints,the main reason for trekking over longerrate. There was a highly significant reduc- Grazing time was lowest during and after distances was the search for water. Duringtion (x2=19.64, P <0.01) in the percentage the rainy season (July - October), when this period up to 20 km per day was rov­preweaning mortality rate with increasing pasture is relatively abundant and qualityparturition interval, although there was no 
ered. Even in this system, a considerablehigh. On millet residues and rice straw amount of the total energy intake isthere­further reduction for intervals of over 274 from November onwards, grazing time in- fore expended on walking. Monthly drydayb. The reduction was more marked in creased steadily until April-June, when matter intake (DMI) varied considerablysheep than in goats. Of the total deaths re- biomass was much reduced. In both the over the year, as can be seen from Tablecorded, 16.4% were abortions (an absolute rainy and dry seasons significant negativefigure of 7.2% of all births for goats and 12.correlations (r = -0.85 and -0.92 respec- DMI averaged 6.32 kg, or 2.6% of2.7% for sheep), while 21.6% were still tively) were found between standing bio- the mean cow liveweight of 244 kg, as cor­births or occurred in the first day, with a mass aind grazing time. Covariance analysisfurther 14.5% pared with 2.3-2.5% in Nigeria (Oyenugaoccurring in the first 7days also showed that grazing time was signifi- and Olubayo. 1975), 1.5- 1.9 in Zimbabwe 

Table 11. 
RATIOS OF VARIOUS PRODUCTION INDICES FOR SMALL RUMINANTS IN THF AGROPASTORAL SYSTEMI. 

Index I Index IISource Index III
Ratio
 

of variation
 
Goats Sheep Goats Sheep 
 Goats Sheep
 

Overall mean 
 18.67 29.52 565.05 1.31) 147.12 230.85Sex Males/females 1.08 1.05 1.04 1.03 1.03 1.05Parity All parities/first 1.54 1.29 1.42 1.25 1.40 1.23Birth type Twins/singles 1.37 1.23 1.48 1.45 1.55Season Best/worst 1.431.17 1.11 1.26 1.16 1.23System Rice/millet 1.141.82 1.45 1.53 1.31 1.58 1.33Flocks Millet best/worst 2.17 2.62 2.43Rice best/worst 9.34 5.30 5.58 
Index I refers to total production of volong (kg) per breeding female per year; Index IIrefers to production (g)per kgof breeding female; Index Ill refers toproduction (g)per kg of metabolic weight of breeding female. 
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Table 12. 
LIVEWEIGHT AND FEED INTAKE MEASUREMENTS OF CATTLE IN TilE AGROPASTORAL SYSTEM. 

Month Fodder type Mean Digestibility Voluntary DMI VolutaryDMI Voluntary DMI
 
lwt (kg) coefficient (%) (glday) (kg/100kglwt) (g/kg. 75)
 

August Natural pasture 237 68.1 5921 2.5 98
 

September Natural pasture 258 61.5 6916 2.7 107
 
October Natural pasture 266 47.5 5 455 2.0 83
 

November Millet stubble 261 48.9 6 203 2.3 95
 
December Rice fallow 244 54.7 6960 2.8 • 


January Rice fields 251 52.2 6439 2.5 102
 

February Rice fields 248 52.8 6 436 2.6 . 103
 

March Rice fields 249 48.9 4 612 1.8 73
 

April Rice fields 237 50.0 5416 2.3 89
 

May Rice fields 227 47.1 5 550 2.4 95
 

June Rice regrowth 224 51.4 7049 3.1 122
 

July Naturalpasture 230 62.2 8888 3.8 , 150
 

(Elliott and Fokkema, 1961) and 1.5- plus DCPI as the measure(s) of feed intake 
2.1% in Botswana (APRU, 1978). The inthe equation: Small ruminants 
higiiw'r figures found inILCA's study ap- Lwt change 
parently reflect the higher energy expendi- = 0.264 DDMI + 0.448 DCPI + P.0X67 The grazing orbit of the sheep and goat 
lure in grazing activities in this system. lwt" - (0.000750 Lwt x km) - 0.0343 flock studied by ILCA differed from that of 
Linear and multiple regression analysis (r = 0.979) cattle in that the flock relied very little on 

sltowed that the forage crude protein con- where liveweight change, DDMI and irrigated rice fields and fallows, spending 
tent (N x 6.25) has much more infltence on DCPI are expressed in kg/d. liveweight is almost all its time on the rainfed pastures. 
DMI (r =0.68) than had forage digestibili- in kg and km equals km/d walked during This difference is reflected in the composi­

ty alone (r =0.48). grazing. tion of the diet, which contained a high 
Regression analysis of liveweight The statistical analyses suggested proportion of browse and little crop-relat­

changes showed a correlation of 0.68 with that DCPI was more influential on animal ed herbage. The different preferences of 
digestible dry matter intake (DDMI), 0.89 performance than DDMI. However, it was sheep and goats were striking, in that the 
with crude protein intake (CPI) and 0.89 not the DCP content itself that was the re- latter survived almost entirely on browse 

also as a multiple correlation with DDMI stricting factor but rather the low DCPI re- (87%) while sheep depended on the field 
and CPI, indicating that CPI is the main de- suiting from a low DDMI. DCP content in layer for 59% of their diet. This difference 
terminant of intake. When metabolizable the grazed diet calculated from the DCPI/ in feed preference was largely responsible 
energy intakes were estimated, assuming DMI ratio was generally above 3.8% in all for variations in diet digestibility between 
that the ntetabolizability of digested the months but December and April. This the two species. Digestibility was higher 
energy was (.81, the linear regression of inplied that the CP content in the grazed for sheep during tle rainy season when 
liveweight change on metabolizable energy diet for I) months was about 7%. It ap- herbage quality was high, but higher for 
intake (MEl' gave: peared that liveweight losses occurred goats when browse quality exceeded that 

Lwt change (kg/a) whetn DCPI was below 2(-250 glheadlday of dried herbage during the (fry season. 

= 0.034 MEI (M J/d) - 1.513 and DDMI less than 3.0 kg/head/day. Monthly fluctuations in flock be­

= 0.034 (MEI- 44.5) (r= 0.88) Although the multiple regression haviour parameters were ntuch less pro­

indicating a total maintenance energy ex- analysis showed a minor effect of grazing nounced than those measured for cattle. 

penditure of 44. 5 MJ/d. If the M Els are re- activities on liveweight change, this energy Total time in the field vari :d from 6.2 to 7.5 

duced by the estimated minimum mainte- expenditure can take up a large proportion hours, a range which shv-s far less adapta­

nance requirernnts of about 112 kcal/ of ME. For the period March to May, tion to environmental conditions than was 
" 
kg or about 30-32 MJ/d tile regression when weight losses were highest, average apparent in the cattle herd. The hired 

becomes: NIEI was 33.2 NIJ/d, while the theoretical herdsman had little incentive to prolong 

Lwt change (kg/d) level of ME required for maintenance and grazing hours when conditions became 

= 0.034 (available IE-13.2) (r = 0.91) activity is respectively 36.1 and 5.8 MJ/d, harsh, since his income, unlike that of the 
indicating that in this environtent the ad- leaving anegative balance of 8.7 MJ/d with hired cattle herder, did not directly depend 
ditional energy expenditure for grazing about 8(1% of these theoretical require- on flock output. As aresult, the time spent 

activities and walking amounted to 13.2 ments covered, grazing fluctuated little over the year and 

MiJd, or an additional 42% of tle mini- The low growth rate of cattle in the the sheep and goats, once released into tle 

mum maintenance requirement. agropastoral system therefore seems to be bush, spent most of their time (70-93%) 

Multiple regression analysis was associated with their highly selective graz- grazing and browsing. Walking time to and 

carried out to relate weight changes to ing habits. They ingest a relatively high- from pasture was shortest front April to Ju-

IDDMI, DCPI, metabolic weight and live- protein diet, but at the same time ite con- ly ((1.8 hours), while total distance covered 
weight times distance walked. Successive tinuous search for top quality fodder, in- during the day (including grazing) was 

analyses used DDMI, DCPI and DDMI volving much walking, reduces their graz- above average (13.8 kin). )uring this peri­
ing intensity and thus their DMI. od, shrubs begin to put forth leaves, but 
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grazeable biomass is so low that the goats
lead the sheep, rushing from shrub to shrub 
so as to obtain sufficient intake. During the 
rainy season the reverse was true: average 
distance covered was only 6.3 kni, while 
time spent without grazing amio~unted to 
1.7 hours, which may ildicate that the 
sheep were forcing tile goats to adopt a 
more leisurely behaviour pattern becausc 
herbage was plentiful, or that tile shepherd 
deliberately selected sites irigh in grass 
cover and low in shrubs. 

DMI showed large fluctuations 
over time. ranging from 1.7- 3.2% of live-

weight for sheep and 1.6- 3.2% for goats,
with mean values of 2.6% for each wit h no 
obvious seasonal trends. For all animals 
the period from October to January 
showed low intake, while goats ate much 
less during the height of the rainy season 
thian did sheep. I)NII followed tilesalto 

trends as I)i, hut var ations were attenu, 
ated by inverse trends in digestibility. Oi 
average sheep and goats ingested 0t.70 kg
arid 0.53 kg/d, aid in spite of tire relatively
high diet digestibility during tire rainy sea-
son goat DI)NI averaged only 0.45 kg/d. 

THE PASTORAL SYSTEM 
GENERAL DESCRIPTION 

This description relates mainly to tile pastoral system associated with ricecultivatilon, foUnd illtile Niger inllu0dttion Zo111.The andtranlshulllant 
seni-sedentary pastoralists have priority rights to the burgui pIStureS,where their animals spcld up1)to 6 ionths annually. The other half of the year is spent On) the railled rangcland illthe areas surrou ndiIg the inilda-
tion zone. The main ethlic group withii the system is the Fulauni, although
other groups cn trust their an inials to [Ftljani herdsnren. 

Because of extensive rice cultivation and 
trading activities, tile shrai: of household 
income from pastoral activitics in tire 
floodplain subsystemn is less ttrait ii other 
pastoral systems, and livestock products 
play a less inportart part it:houseliiid nu-
trition. The greater part of domr estic rice 
productioni is cousimed within tire house-
hold, with tire prhoportion of overall pro-
duction rarketed estimated at 44'%, for the 
Fulani of the intindation zone. 

Although occupying a relativel 

small area, the floodplain producti on 
 svs-
tern is of rmajor iniporanc, within tire 
Malian livestock sector. It is tire home of 
about 25%Y/ of tile natioral cattle herd and 
also contains an estimated 18Th of Mali's 
sheep and goats. File system is to sonic cx-
tent atypical of tile semi-arid zone, iut 
conlparable production systems are forund 
on a smaller scale in other areas, for exam-
pie around the shores of Li.ake (*had, iuthe 
Senegal river basin ard in souther Sudan. 

The basic production unit is tilet-
clear or extended faiily, inhabi ting a vii-
lage base where most of the farmily rerainris 
for the whole year. Aniimtals belong to i di-
vidual family nenbers but are herded 
togethcr iii c(''inuial herds. iecause 

Men perform the main pastoral arid 
agtic ii', ir:rlItasks. Some agricultural work 
is still done for Ire Fulani by their former 
slavcs, tie Ri niabe, who are paid in kill(]. 
Dlmrirrg trarshunliance away from tile base 
villagcs, tile hrdseil i are boys aged 10 
years urpwards arid young uniarried rret) 
irider the sucirvision of a senior herd 
oner, krown as tie /owro. I ouschOilds 
cultivate rice or have rice cultivtd onl period. 'lIcdilfelctfttipr, units are accorn­

women own nrany cattle, herds riften coll- ing fees are paid and t v,hon, andrain aninrals belonging to owners 
tlie 

related 
 dates aiud order inwhich herds are allowedthrough natrilineal kinship ties. access to the pastures. A special status gov-

their behalf, using either natural florid 
waters or sciri-controlileI irrigation illtile 
inundatiorn z(ne. 

There is a precisely deteririred all-
rural migration of livestock which is strictly 
regulated by traditiot and has tire force of 
law. hriaddition, herd managerment is 
rather sophisticated, with a number of sub-
groups beiig use( for different purposes, 
I lerd fractioritir and tie necessity for 
frequent niovenient have resulted in a 
cormplex system oif grazing riaragenierit 
which t;tes mnainly front the nrineteenth 
century. hlieflo')d pastures are divided i-
to about 35 grazing units or leydis, of vary-
irig size, iueach of which a traditional so-
cial orginizali it governrs who holds pas-
ture rights, which herds have access to the 

oUi
pasture ali(l %%,iatcornditions, whit graz-

erns village pastures reserved for those 
fractions of the herd devoted to milk pro­
duction, and the tracks and resting places
used by transhuniant herds passing 
through the h'ydi. The Malian Govern­
ment now recognizes tile h'vdi sysktm of 
territorial organization defacto, and tilere­
gional authorities enforce decisious on 
range use Made jointly by herders' repre­
sCn tativcs ard localtie adninistration. 
Outside tire inunrdation zone, the rainfed 
pastules are not allocated, but tie major 
transhumrance tracks are recognized and,
in theory, are protected front agricultural 

encroachment. 
The core of tileherd, known as the 

garti, consists of tilemajority of dry and 
pregnant cows, most or all young bulls and 
heifers, somie older stecers and a few breed.ing bulls. O1ly about 20%1(ifthe cows in 
imilk plus their calves ae found irr the garit,their main ipurpose being to provide the 
herds with milk fOr direct consumptioi. 
The garfi isthe onlY rngclcnt unit to
 

rticip rajotll\
p lr' IitlOo~ltirco,H N f Ihht nHiC clling CO WS, 
their calvcs, a low helcrs, steers arid 
breeding bulls hii tie portion of tile herd 
known as tile /hrd. 'Ihese aiinials pro­
duce milk for Iomre consumptior and sale, 
and ire rlinaged with these objectives in
rinirid. To rrairtairn tie productive capacity 
of the Ibldi, lact atirg cows are repeatedly 
transferred fror t lie gam in c charge for 
dry cowvs. to rcaich tireri orer o potential 
Mrarket ftr riilk beyond the irone villages, 
a hcrd fraction cilled tie hjipi is sep­
arited fron tie Ie,'li :rid taken to various 
villages in tlieinir|rtl;|ilio zone Io exchange 
rmilk for rice dining tie .Jarurary - March 

paried by a few pack oxen to iranrsport rice 
back to the !iUic village 

A fourth liaclion, kinriwiu as tire 
dumpti, consists oif Iwo or three lactating 
cows per family. hliese ariiials are sepa­
rated fruom tie rest of tire bIerdirnly dhriring
tie rainy period Iro lr August to October, 
arrd replace tie function of tie ,''ndi when 
it niglatcs towals tile fiefd grazing 
land. "1heir fairly low nuibers alhw sup­
plerireritalioni %%ith millet bran arid salt. 
(ows ;allcate itotihe dunrpli are usually of 
quiet (li,,poitioli arid, havinig calved re­
ceitly, arc ariorrgst the best producers.

hey' are kept ava y froi brecdinrg bulls to 
prevent conrception. 

Two frilher nriinagcni ert units ex­
phirilirg tire ine portion Oftfie herd can be 
ideatiieil. I:irst are tilethere Iransport 
oxeu
e'hich acciparry the uppi nit its trad­
irg iissions oir Slhich gu; ulrIranstiiailCe 
with the garliari Iindi.Sccoridly tile herd 
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contails a smtall group i ttdtiLlit oc'l, scriietd make cstniralts of naturaliicrease tality ill older animnals %%asnuch les than 
usually iicloiingi it; ibseitce litmers ot of decrea'e dire to births, deaths and off- forcalves, being 4.2% ill young airn:ils be. 

uitlanli cattle uI1ucls w\ho al so pll cti.'e Iice (Ake -iiiirstIally corrpiiCMitetd ' e rsent tw%'eenl I aidl years, and 5.5%, ill animals 
lalliiflo . F"lr most ol tile ills' sestisno this rate ot ilcicase is plroabI aihtit 3".. more that 3 years old I lerd was agail a 
last gittrp, the a/ad/i, is ktpt near settle- ('alving percen'utages are probably principal factor in mortalitv. Season also 
Irtrirts so ;INto plough tile ric t lIds rine- slightly higher than ilr tile agolpastoral srs- exerted a strong, though appae.nitly anoim­
diatelyIAer It;itvt t ( leItrrrv - March) ten and nmav appioach ti5% in tie long alous ifillueince, \sith most deaths in all 
and agailr dtlini lieri, titsl talis (MaY tet althouh for tiehetIdNstruIield the av- classes of stlck occurltinitinltie rainy peri-
July). 'lIc' risiuaily join tre .,'llfi s\hen it crane wa'is 59'%, for 197) and 53. for ItQ80, od. 
depalrts for the Ir, raingelairds. but with a range across the fierds of 3t) to A.; milk is tie main pioduct from 

7'',. In contrast to tire agropastoral ss- cattle in this ssstenlr it is ssoldh detailing
LIVESTOCK PRODUCTIVITY tern there was no marked calving peak. some aspects of its ofitake. Note thalt fig­

'liris probablly intdicates less rnutritionra tires ill tie discussion relate to olflake forAnimal podttiot rs.rt,tl\ irnllucit di1) stress. Average age at first calking for 70 huriMn eonrstrirptiitr arrd rot to "1tal milk 
ownership stitulre arid patt.rlls of rilt'se- krnowr cases was .15 mrorths. Ili eari of prrtithctior'. It is possible that tie higher 
lielit. The herder o\\rtsItil s t oe o tf ' i t

) 
irontlis for 2.47 rotei\,.d calsilg uitter- dleiti ri il cals inl tire paIstoal systerlli is 

anim:ls ill a e'rln ttiollt . ill vli+ a calvingt 'irinli \als (gi\'irg tletretical te of (ui t t It;est il pat to coimpetitiorn for milk
 
tun itlt rti'cattle. lc
to his oMn ai al.;i luce (3"') lends suppolt to alItpitlesis nohum- Il, iuitllii l)Cifi."s, :t coripetitinn which is 
loigirg to other l"eCl. l itt;lie tttC 'IV teltr calvinig rates ill litf' rlcitjill f '".. less ',",t. ' ill . tire ag!ri1pastola] systellli livestock iiilaiils aista~ ittri t irisestnllt.t \\'te;liitii is d~eliyedi to ailritst 12 nroilirth f o\,, HIii Ito tiit'erut dietary hunl~ts an rt ft­
lhcs, otlier ousllers unilt l,.. liitlitr,s ie, lthough there art' siniiiciant dilter- ecice,,
 
fishermrien cisil set\arts, tilitir\' 1,ln ,li tIC rlrairiMneiit l"CId")aid 1t0 I lie milk t,11take 'illes in llhinic 8
d0e ti 

nel or tr;aders. tlieir 
 cttle ie hr lt th . sith e n : nil'ni clllorXiclltlli ll alld pm­
agaillSt rteiii lit'rlitiC i ill CilIrt' cisi or a c incti ist's. (111 1ti1t It' S Il I 3i MiduiJ.05 litle!C \,/

kind. Ill three hcrds studiedi rtsr aIliig BlithI-
 \eights tf .11, caies \%ee dIs Ifht\eCtl.',statiIf calirigriikedly 
tiod. less than (0it% of Al aitils lneltI'd I7 . k, [fr males and 1.3 kg htu feinlths alett, the ,shl (it tile cul\cs. All cur\ss 
to the herdets or Iit other pisitiolists, ',mlar to those calculated for tile agro- sho\ pCak oilltakt lirin, tite I'atirable 
while tire reirlairlde lbelong.ed tooitt's. isttial s t,slme. ("v,,rall growth rate to 12, , pistlllre conrditionis of tit'e [filri' seasoir.
 
For two herds ilirrrliCiri t."sptctivls 2.1) iiith,, itt age, at I81t gfda'., was little Ihuis 1t0iCt% ti'A hllri
oft't- tie rliny sca­
arid 203 ai1nials thl\eres ti a iliiillitill if tlt thur if] the apo lrastoral svsttn'rl. Adult sN 1iilk olitake falls frot a niaitmtt of 
-18 and 21)people ilk.ring arirtirris \eiglts \%ere also similar iii both sostetins. 00r litre it ciling to OA- litre after 9 

'I lie collti;llll rirtd ct11i111it2 S t\- in tIre three herds studied (A, It irttirtli,. iut list's nt a secu10tl niak (If 10.9 
te ex nrttality il 12 n tlrt lirs II ;tt ('o\s caly­

pltitiouit tlte viiuis hitid ht.'cths sas 2S 3o,, iof tire 


i,..nt t aimtals ill otdcl tt ,tltii aid('), calvesupti Ireit tsJiiter calving 

some valiates i1 this ig dtrllig NottI.rinIer - lelirituiv show a 
1teris thlt tire 111 ;t llrc lt tte held istht'itLI p ;irit ttcr beint sltwin iii Fable 13. Alir- peak ;li10it t 1rttihS afttr caIshiig, svhile 
unlliuie. Air ishdine he.'i \\ith MI \'rIgt', tiotts inl stillbirths iamuntei tin inalntst tllose gis rigirtllh )ist bltrc tire railly sea­
set of ItIIrl;i l iel t 11 iic itiis t.11111 lt re .111 itt all nrortality i this cIteg riy. MNor- sou slitiso I Imilir lis' 3 ilillirirs after calv­
firre be said Itt e'ist. I lie Ietttf&I nitrItteLs 

proper care itt lilt_' aniatls irlstdtohli 
ii1 return for Inrtltits IIII the salt' 0t t011 

' sillilitttoll it milk Accitilill I! lit' e Ir I lahil' I 
of this contlrict, [t' lieie'r is entittul tt I'R(INIA(;I: MIOR IAIl I Y (tI- ('AIAT.S Ih I M()N IIIS (1)\(it 
the rmilk of first-t-alt ciws lot at least I
 
tronth. and for 2 \\teks ill the tase of ill MtnulahlyI"
 
otirel cows. lhis t adithiti;l 'himlilt ofilk No. oif calvesi Ilerd Intl year 
Ofitake is b tit cause tild ei'cltI (t tile ite- h trt Allortitins S1t11itlhis l3t tiass '|Iotal 

units. A
 
Iitld stIrtiCiC', A ClkliIc it1 tills 
 1979 55 t.8 '11 10.3 27.2 

fitl d ill pastIrral ss'.,it Il ecnrelti. ilih 19I9O 60 ;.5 15.2 10.7 36.1 
tire exception tf a reikliis r1hi, irelcei- B 
tage tf olde r ririls it pack anid phirigli 1979 63 4.7 3.11 12.8 21o5 
woirk. 'This results in INser lioriortiitris of 19801 42 14.3 4.5 21.4 41.2 
fern les, ahlurt (02-(65'", f tie I tiulcirlr 
pared witlh a notrtn t 7tt ,hi pastiral herds 
ss1ire svnk rles ar tit itptirtitt. Mar- 1979 4.1175 5.3 12.11 21.3 
age lr units ("lerlds") vay ill s.ie fmt 
under I(10 head to very large ones o river Meanrs for years: 
500 aninrals. Ablitt -15.. (it lields, corre- 1979 193 3.6 5.7 13.6 22.q 

sptOrdingIob (it ;il cattie, ound iii 192 83 33810l"', are 1980 4.2 21.3 
larger urnitsirff itser 11)11htreid. "lllt' coinsider

uniti.ri it iit'dstiurcCurtid Oale iansOerallable IlucCtltatulIS i [left] N turCt ,? and 385 3.9 7.11 17.5 2S . 
Itlntrhers duc nit tile Im'%er1titsalread vdi- -Intluds ahorions. 
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ing. Doe to tlese interactiv, effchts, tile I g.,un,. 8.
aveiage (l'tike curve isa slightlh descend- III.H'I S)"'tCALVING SIASON ()N 
 MIILK 0)t1-AKI: IN iI II I Aihg straight line. 'AS I(lAl. SY I IEM.
 
Up to wealing, aftel ;I aveaIge of
 

11.3 Months, the average milk offlake was
235 kg, based oil 509 Ilat1ions. Arcage kg

offtake was signilicatll h 

-d Mqh. .- ,2e4iiiliiielfcnd by sea-
C...pod 4.%-0ttob.', N'I04I)
 

s u ll of il III a n d so lli t 'lill t' ;i 1 y l f tolf I h ,
t i - - - - Cot?- p , nt io - b*,. IIN 124 1
by the interactiti of year with Seastni of 09
 
birth. ant 
 by herd. 'lIIf owner, tile sex of
 
tile calf and tie parity had i significant o
 
effect.
 

The rc1;tio i li I I I I between calf - I 
gro vth and itilk oftllike lor indi\id Il., 

\ •
 

co ws i nd.a thIle ,It e k s "
i tl Il a t (l uri ng+ q 8 % , ,of the lactati ot , uilk ifltake %aspositivcly 's 
ctrrelated (r - 0.42) s'witlh calf gr \ Il.' I his

leads to the ctuicltision that the best 
 os\\s 

" ws'ere being imilkel [i Irovide for Iitall °0 
tonsu mptitn ;lld (flam theic awsstill hd 
d id p' nr lirt it l ee. lI t t 'r i ii th e lact a i on1 -o-_ 

_ _ __ ­this trend was less clear, because tile calf w,, ol', co:,l-

relied progtcssively iott. on lihIage aid 
52 

its growth becane lChieCllnd,,t On its gecutiC
potential and oil o'verall calf inattagelrntit 
 ilice to its genetic potential because of en- fare. This is the principal reason for the so­rather than o l the milk olt1ptit of tile an,. vir(faln.t.l health and nutritional fac-Ill genrclal tie adaltllge 
called prestige syndrome of pastoralists,w"hitch hisrs, it is ohviousl% to tle advantage of in-might be cxlcctc, to icemu and While animals are individually owledto the pastotal dikidial twVlters, to maintan a largesysteln as nd land or pasture is held in colmllolln thisa result of the almildant feed in, ltnuuer ol itl to ensurtltirown wel- plenomenon can be expected to persist.
tile imlntiliation zole and 
 tile .eusoirl
 

illtutveilte t to 
 )etter liilfed is);i!tlts\seteunt 1apparetltthe level "Ithe iudiviloll FUTURE RESEARCH 
anliial. 'I his is aitlplY illoslilated by I able
 
I-1, wli'll shows that p[titlu.tioii indices
 
are simiilar for b)ith tile Istolal and the THE AGROPASTORAL SYSTEMagropast,,ral systen: tile possilc itinpIlve- FtLure research oil tie agropasloral sNystem will focus ol three areas of ia­bent in lrOdnction is indicated w the re­suits obtaiied at Nioto ratch. lhiese inii- jo signilical ce, inot ot1 lv to the particular SubsystemcLs refer to Indisvidual podiuctioti by single under study, butacross ti' entit s'21i-arid as Well as other zous. These areas are tile intro­aniitals. If each animal is liunahl' to pro- duetliou of forage legume1cs, tlhe efficiency of an1imal traction1, all( thc im­

proVm1e1tne of'sttall runlinllt production.
Talel ItI 

,(IU TIYItAfI Sot:()FIII.FI-ItI-N f I()lJU(-l tON S'YS I(p. rintroducing forage legu.ties vould illl­

'astoral prove total food production in a variety ofA1gro- NionoCl.i.cter ways (Figure 9), Meat and milk pioduct ion- - patoral ranch would both increase through tile inproved1979 19811 nitrition of herds aitd flocks, while gains in 
.......... _____soil fertility and the efficiency of work oxen'ow iability (%)(ilvibi rite y%) 9,)5I i)3 5 5 97.295. 52. would benefit both yield per hectare and57.4Calfsivivatl( 7.12 the area cultivatet in tIe case of food grain77.0 56.2 68.2Calf weigit at 12 mon7this (kg) 

75, crops. )ncc il fotd producion82 62 in­125Milk offtake 1kg/year) 
71 creases, furher g; ins would result as more235 235 I8238 586 cash became asailable for increased invest­rductivity index/cow/year (kg) . 3.. I 45.5 114.9Cowliveweight (kg) ent in livesock or farm i p eris. enct218 218 2111Productivit yindex per IlNt kp 

317 With legue itrI(luction shows thatn i 
cow maintaincd per yearlklf .3.0 17.9 21.7 36.3 central Mali There ale two major disadvan­
w"[,\'llv-onper 'ccitt t'atf0,- ahtuiy plrs ait i nt.icitah ilion rate of , tages which have it lie taken into accont :I' ar1[t.ay legu ei irntloditetld nilust have al~stirtiattd frotir tiotal atui,; high~ffhlke tiitttd Iy a\'erage' inuilbr of cows in milk (Dicko. 19811Ttal wcighl of 12 rnm ti-old call piu 

degree of lrg olerance, arid its intro­lisivweight cqItivalent of milk proluced. duction itlst wayin ni prejudice foond 
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Figure ,) THE PASTORAL SYSTEM 
'(OSSItIt.- INI'ROVE'o~NII:N I P I \AI [WY IR ( )5 'RI:Al I lG(tMNtl tN I R (It'lIN(G Furti;r research on the delta pastoral Sys-

IN "IIIF AtiRf( )I'ASIO(RAI. S'nSI hI. tent willCor'cenltra( oiltwo related areas, 
managemrl nt pnactices and social-teNrito­

S*IscIiorn Ooeeding "Aomgamont-rial oigalil/Itiort. 

AS i'dg~iftis filla :lgcllrut plactices, 

rk ,rio,-
o.,flat. S-11 umal 

a numiero f 
put fhr kald. 

propo";I;,1l;\c ahleady been 
'Ih1CY ar I ased oilexisting 

M.at 
L, 

lirs k Inarageiellli prIactices and their 
obsex'cd effe,.'on the growth of nralml 

fic,/of A." prstilcs. but ;list)take into iccoullit oth r 

Areaof"g "ru "-.1 L- 0,0,,0",n 

Hinfolt d,1- on 
, 

TbufIn 
........ 

M 

factors such iswater distlibution and herd 
fra.tiollation it,re laliol to seasoi. ()n the 

pAmu""on 
S/ 

/
fir I 

d. 
" 

- ...0 t...aii fed Sahel rangelantds tie pIraCticCs ro­
Ie.ud ,ould ilvolve the careful tailoring of 

7v!W1'PIE cattle st,cking td.'nsilicsto suit seasonal gralin 
" - availability, incl,asCd fhaclionation of 

1,d"l- o 
pool 

fie.__d--s-lds to OV( lcOlIe5aiing itoble.is as 
Hodf-the% retuin fioni tiransliliance. and the 

delayed return Of shCep and goat fhocks in 
oIdCr to take atLant;igC of their IrCattr tol­

crance of poor feeding Conditions. Withitt 

grain crop yields. ilie miain icsadch rule poor nutiIititn makes Notling animals 
th" inundation Zonre, htile p;c'iices would 
consist of cutting an carly hay crop, in­

themes itl leguinle itntroduction tor the flu- llore susceptible to di:;Case, but data'hile ciCa,,ing sIocking density and hcid] mobili­
lure can thereforc be Snnarllii CIda,: oIitcteCL b) If.C\ show clearly that man- i v, hurlling Off selcLIted t~' of grassland, 
(a) furticr sclcCtiol oi1dOuil-to-tCiat agerret also plays aliir portanrt part, ,ince aird iOLaiorill girarg. Ar ilirprocd imal­

leiillie,; on rh:ltcdt(i I 
 c (0 id Io a rnil alil raies vary COIrsidCira IV from avce rrici ll ilcolpol)rtillgilhct I pacti-
Icssel e cr i. mll) ,icl, . cowtrcs - fhck toflock, probably in response to indi- ce, i,,lrrrr, edt ilr l:igle II. 
til potelliil ;Iud rllllbutlioi idual rillrgt-:rlrt ligiuel S erlrilolia! orgalli­c to' practice,;. ,tudies ulisocialt 
soil fertilit\s shr's hrow a varictv of ieaiurs rriln be 7atiolg will Ilegct.id 1tt OmlCtinlg tire 

(b) experirrr.rrtation ol cifrulral practi- introduced to irrrprs e srrrall rumirinart pro- rnappiv'g pirasc currently under way before 
ces UCsirtrred to produCe prr)tlilrri tiuction. be6inniwig with the identification arovirrg ln to a)second phase in which land­
hinman food grain \it Ids al tire samc of kc rriaragellierit practices in those i e planS C;il be agred uporr and iuitple­
lirlrea high-qrualiity fouluer for flocks shcre nlOr'ila!it, is loM, arid cOttiiruI- Inclticd Once comrrplcte, the irnaps of tile 
aluiilals; ii! os lt creriurarv at fri lrrt anage- existing lu'vdx \ill give a dtailed pictire of 

(c) dectrirnlationllof tIe acceplitit. of iiicntirr ;itIOns. land use as it stanls at present., including 
I llgrC irutrodrictrol lto tlligt piopl­
latirrs and (u antificatiil if tihe risk ItlvC II 
inVolved ir ;ICCeUpt:c'C. IM'Id ) I) NtANA\(ItI N I S(IIFII: FOR I lIl PASt ORAI. SYSI NI ASSOCIAFI) 
Work oille iiel iit.odictioli will Vl t 1t (iu If)IT.AIN I:ARMIN(G. 

be clusely linked % In uies ffi­srudr oiltire 
cieincv of arrini tracntorr. ,\t prcsCnt, -. . - &g, I,. , 

allnials hose sorre I5-2)' of threir bu11O'L 0 00I*0%V 
weight durinig tile dr silson, arrtl arc a1t 
their wCakCst durig ireficp riOtl %% P- I ..hll rr;r...- . F-. 3 
intunt work outiit is rcquircl. Ith-e\ogcight ''' .L,.01
loss canl bie laIrgd-y Conrll)rlrsared~ by tYs- ~ 
seasoun fcediing. it it is rit yet knoss rrwhat ... ", __[ ­
effects tis vill have orr tractive effort and [ ........... I ,
 

ork otriput. 
therefore councentrate crr mrreasuring tire 

total v, Future research will ... 
,. / -":'--, " 

impact of different SUpllcnentary feeding .i .
 

strategies nit liveweigh t and poe output "' - '41 
(tractive effort tiics duration of work). ' Nit" 

The Stubsequent effects on crop yields Will ,~ 
also ho.-nmcasured.L/ 

Small rumninartt prodUiounultl ld ','
improvc dramatically if one inajor col. Lo;,'. - ... 
straint were lifted, nainely Ire high inortal-,­

ity of yOnutg st'nk. I ligh muourt ality rates are -I­
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