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ABSTRACT 

During the past decade, there has been a clear 

recognition of the relationship between environment and 

development, and that it is through the process of develop

ment that environment is often negatively affectede 

Therefore, to minimize the destructive effect of development, 

planning became a necessity. However, for any management 

goal, there are usually several alternative ways of develop

ing a plan. 

My planning process began by a general resources 

inventory of the Republ ic of Mal i incl uding soil s, vege-

tation, surface waters, groundwaters, land use, and 

population. Then, based on this inventory, I chose a plan-

ning area using pre-established criteria. 

was the "Inland Delta of the Niger River." 

The area chosen 

The Delta, with 30,100 km2 , has an enormous economic 

potential, and livestock raising is an important component of 

this potential. However, four main factors are limiting the 

development of livestock raising in the region: Lack of an 

official and consistent land right, uncontrolled increase of 

the number of animal s, uncontrolled increase of cuI ti vated 

fields, and persistent drought. 

x 
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The objective of this dissertation was to make a pre

liminary investigation which would help the Government of the 

Republic of Mali establish a coherent and integrated plan for 

all economic activities in the Delta. 

The economic, social and env ironmental components of 

the current livestock management and two management alterna

tives have been analyzed, using a model planning uni t and 

also a herd model. The first alternative consisted of chang

ing the herd composition, and the second alternative was a 

combination of changing the herd composition and the use of 

irrigation and fertilization to grow adapted forage species. 

The results showed that the two alternatives are better than 

the current management, and that the second alternative pro

vided the highest economic returns and stability to the 

region. 

The implementation of the proposed plan will necessi

tate the creation of agro-pastoral units based on soils, 

vegetation, and social characteristics. The Government 

should adopt a more coherent and coordinated policy toward 

the diffe'rent land users of the Delta, the final objective 

being high stable economic returns for the population, the 

preservation of the basic resources, and the equilibrium 

among different activities. Complementary measures such as 

large scale mapping, land use regulations, export markets for 

finished animals at low animal transportation cost, research, 

education, and monitoring will also be necessary. 



INTRODUcrION 

In the central part of the Republ ic of Mal i, the 

Niger River spreads out and forms a large del ta named the 

"Inland Delta of Niger." Its surface is about 30,100 km2 

(Gallais 1967). The region is flooded dur ing four months 

from August to November. In December the waters subside and 

the Delta offers a large amount of good forage for livestock, 

particularly the sw~et and very palatable "Bourgou" (Echino-

chloa stagni na) • Therefore, the economic potential of the 

region for livestock raising is enormous. It produces sea-

sonal forage for about 25% of the cattle and 18% of the sheep 

and goats of Mali (Wilson, deLeeuw, and deHaan 1983). Des-

pite this importance, livestock raising in the Delta faces 

several difficulties. 

Problems 

The main pr.oblem of livestock raising in the Delta is 

the lack of a rational land util ization plan. There are 

daily conflicts between livestock breeders and farmers, and 

breeders themselves. These conflicts are often bloody. Four 

major factors led to this situation: uncontrolled increase 

of rice fields, frequent drought, uncontrolled increase of 

the number of animals, and lack of an officj aI, consistent 

land right. 

1 
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Uncontrolled Increase of Rice Fields 

After independence, the Malian administration stimul

ated the util ization of the modern plow and oxen. This 

stimulation increased the surface area of rice fields. 

Therefore, there is increased competi tion between livestock 

raising and rice cultivation. Areas with good forage are 

also the best sites for rice. From 1957 to 1970, the land 

area in rice fields increased from 75,000 to 123,000 ha (Gal

lais and Boudet 1980). The same pattern has been observed by 

the International Livestock Center for Africa (ILCA) studies 

which found an increase of 2% per year of the surface area of 

rice fields from 1952 to 1975 (Hiernaux 1982). 

Drought 

Forage production of the Del ta depends on the Niger 

River. Unfortunately, the swelling of this river is very 

irregular and occasionally marked by series of dry years. 

Consequently, forage production is variable. The recent 

drought of 1971 to 1974 reduced the forage production to half 

of the normal and caused about 20% animal losses and a very 

severe degradation of pastures (Gallais and Boudet 1980) . 

Uncontrolled Increase in Number of Animals 

After the Second World War, the French intensified 

livestock vaccination and water development programs in Mali. 

These programs, which have been continued after independence 

in 1960, considerably reduced livestock mortality and led to 
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rapid growth. From 1950 to 1970, the number of grazing ani

mals tripled in the Delta (Gallais and Boudet 1980). Grazing 

changed from a light stocking rate in the past to a heavy 

stocking rate. 

Lack of Land Right 

The most important grazing problem in the 

the lack of an adequate and uniform land right. 

Del ta is 

The popu-

lation is divided into two groups based on their views on 

land use regulation. The first group tends to follow the 

Dina regulation, which was established by Sekou Amadou, the 

early Nineteenth Century founde r of the "Empi re Peuhl of 

Macina" (historical considerations will be discussed more 

fully in a later section of this dissertation). The second 

group tends to follow the new regulation established by the 

Malian administration which proclaimed that pastures be free 

national properties and suppressed the collection of grazing 

fees. This regulation is ruled by the "Conference of 

Bourgoutieres" which is an annual meeting of officials and 

livestock producers in the Delta. However, since 1969, the 

administration has acknowledged rights on traditional trans

humance routes (Bourti), stopover places (Bille), and 

reserved pastures (Harrima). The annual Conference 

also the traditional order of entry into the Delta. 

these dispositions, it could npt solve the problem 

rights which are complicated by the presence 

respects 

Despite 

of land 

of four 



technical agencies named "operations" and operating indepen

dently in the same region. 

Objective 

Solving the problems discussed above will necessitate 

a rational reallocation of resources based on knowledge of 

resource potenti ale Then, it will be necessary to adopt a 

management plan with the integration of land potential, eco

nomic activities and utilization. Finally, a coherent code 

must be establ ished in orde r to rule this util ization. In 

1982, the Malian Government made the decision to establish a 

management plan for the Delta. The elaboration of this plan, 

whi ch is one of the first pr ior i ti es of the Government, is 

just beginning and it may take five years or more to have a 

final plan. 

Therefore, I have chosen to analyze the available 

data on the Delta, and my objective is to make a preliminary 

investigation with an emphasis on range management which will 

help the Government to establ ish a more coherent and inte

grated plan for all the economic activities in the Delta. 

Scope 

The Republic of Mali politically opted to build an 

independent and planned economy. The Mal i Land Use Proj ect 

(PIRT), of which I was the director, was completed as part of 

the planning effort in order to achieve an overall rational 

allocation of natural resources by the Government. This 

4 



proj ect compiled information on soil, vegetation, water and 

population for about 575,000 km2 (Government of the Republic 

of Mali 1983). However, knowing the resources is not enough. 

The data must be used to plan the development. My investi

gation to util ize resource data for a graz ing plan for the 

Delta is, therefore, well situated ir.. the general political 

frame of the Government and it is the logical step following 

the Mali Land Use Project. 

The first part of the plan will deal with histor ical 

considerations and the general description of the region. In 

the second part, I will present different range management 

alternatives and make some recommendations for the develop

ment of Delta management. 

5 



REVIEW OF LITERATURE 

The Planning Process 

Definition and Need for Planning 

The dictionary defines planning as the establishment 

of goals, policies, and procedures for a social or economic 

unit (Webster 1976). Driver (1970, p. 187) defined planning 

as "The systematic collection, organization, and processing 

of technical information to facilitate decision making." 

From these definitions, we can say that planning is age old. 

It has been practiced in several forms through time in con

nection with cities, government, commerce, and warfare. When 

population was sparse, mankind had to search for food and 

protection by planning. This form of planning was largely 

instinctive at first. Later it became conscious and deliber

ate because of the struggle against unfavorable elements of 

nature: weather, oceans, rivers, lands, wild animals, etc. 

Agriculture was developed about 10,000 years ago to 

provide food for increasing populations. It is estimated 

that world population will reach six billion by year 2000 

(Beale 1980) and the number of malnourished in the third 

world will rise to 1.3 billion (Lovejoy 1973). The problem 

of desertification and the complexity of its consequences 

have been pointed out by the Conference of the United Nations 

6 
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on Desertification held in Nairobi in 1977 (United Nations 

1977) • 

During the past decade we have seen a clear recogni

tion of the relationship between environment and development 

and that it is through the process of development that the 

environment is often negatively affected. Therefore, plan

ning becomes a necessity and it is only by means of rational 

land use planning that the destructive aspect of development 

is reduced to a minimum or eliminated. As well stated by HRH 

The Duke of Edinburgh in Lovejoy (1973, foreword), " ••• if 

this is left entirely to chance and organic solution, the 

result will be chaos. The only alternative is to attempt to 

plan the use of land." 

Lovejoy (1973, p.3) defined land use planning as 

"planning for the most appropriate and efficient uses of 

land." The principle of land use planning is to achieve the 

optimum potential from lands, so that actual and future inha

bitants of the world receive the basic needs of life, and at 

the same time, benefit from a decent environment. 

The need for planning can be summarized by citing the 

following Bambara proverb: "Dig a well today to provide for 

the thirst of tomorrow." 

Types of Planning 

Branch (1966) identified three main types of plan-

ning: 1) functional planning which is planning of a 
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component or aspect of a larger unit. It is possible to pre

determine the results and even estimate the probability of 

success. An example of this type is planning for timber or 

recreation management in a forest. 2) Project planning which 

deals with more numerous and diverse parts than the first 

type. The process is a combination of certainties and uncer

tainties and it is generally a group effort requiring both 

generalists and specialists. An intercontinental ballistic 

missile program is an example of project planning. 3) Com

prehensive planning which transcends the two first types in 

terms of scope, magnitude and complexity. It includes a new 

element: social mechanisms such as laws, regulations, poli

cies, and forms of organizations. The basic objectives, 

value judgements, and general desires become very important. 

Social, economic, and physical aspects are interrelated in 

comprehensive planning. 

Driver (1970) mentioned other types of planning which 

may be related to scale such as unit, site, area, regional, 

national planning, or to the kind of resources such as wild

life, recreation or range planning. 

Process of Planning 

The process of planning has been discussed by several 

authors and each of them seems to have a different approach. 

This section of the review of literature on the planning 

process is intended to familiarize myself with the process, 
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and to choose an approach which fits the objective of this 

dissertation. Branch (1966) identified two fundamental char

acteristics in the planning process: 1) the systematic 

coordination and integration of different elements and 2) the 

projection of the elements into the future. 

There is no single way of planning. For anyone man

agement or developmental objective, there are usually several 

alternative ways of developing a plan. 

In comprehensive planning, objectives, coordination, 

projection, and flexibility are combined. Branch (1966) dis

tinguished three inseparable phases: 1) Current plan or 

operation plan which is the integration of current, continu

ing, and short-range action programs. This phase answers 

immediate needs, but it is oriented toward obtaining longer 

range satisfactions. However, it is limited in the range of 

possible alternatives and becomes progressively inflexible 

during execution. 2) Long range plan which is the extension 

of existing realities and trends. It represents the realiza

tion of objectives which fulfill long range needs and 

desires. This phase can be periodically modified and it 

incorporates a wide range of alternatives. The long range 

plan must maintain greater flexibility for adjustments than 

are provided in current plans. 3) Medium range plan or 

intermedia~e plan represents a "bridge" between the two 

phases; therefore, its characteristics are specifically 

intermediate between operation and long-range plans. 
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The Conference of the United Nations on Human Envi

ronment held in stockholm in 1972 (United Nations 1972), made 

the world aware of environmental issues and recommended 

including environmental aspects in land use planning. Twenty 

six principles were defined. The main points of these prin

ciples are summarized below. 

1. The capacity of the earth to produce vital renewable 

resources must be maintained and, wherever practica

ble, restored or improved. 

2. Nature conservation must receive importance in 

planning for economic development. 

3. The non-renewable resources of the earth must be 

employed in such a way as to guard against the danger 

of their future exhaustion and to ensure that bene

fits from such employment are shared by all mankind. 

4. Resources should be made available to preserve and 

improve the environment, taking into account the cir

cumstances and particular requirements of developing 

countries and any costs which may emanate from their 

incorporating environmental safeguards into their 

development planning. There is a need for making 

available to them, upon their request, additional in

ternational technical and financial assistance for 

this purpose. 
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5. In order to achieve a more rational management of 

resources, states should adopt an integrated and 

coordinated approach to their development planning so 

&s, to ensure that development is compatible with the 

need to protect and improve the human environment for 

thei,benefit of their population. 

6. Rational planning constitutes an essential tool for 

reconciling any conflict between the needs of devel

opment and the need to protect and improve the 

envi l~onment. 

7. Appropriate national institutions must be entrusted 

with the task of planning, managing or controlling 

the environmental resources of states with the view 

to enhancing environmental quality. 

Currently, there is a trend toward environmental 

planning in which consequences on the environment of a pro

posed development plan are considered. These consequences 

can be best estimated when interrelations between different 

components of the ecosystem are well understood. The ecosys

tems of most developing countries would require decades of 

study if they were to be-understood at the level of detail in 

developed countries. Meanwhile, development cannot be 

stopped. Therefore, compilation of all existing information 

on natural resources is the necessary first step for any 

planning in these countries. 
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Beale (1980) suggested some elements of an environ

mental planning process. These elements are represented in 

Figure 1. He also reclassified the nine approaches to land 

use planning proposed by Twiss and Heyman (1976) into four 

groups and discussed the strengths and weaknesses of each 

technique. The four groups of approaches are: 1) Anticipa

tory approach in which the best first appraisal is made using 

background reports, 

threshold analyses. 

environmental impact statements, or 

2) Standards approach where the planner 

compares actual designs or performances against regulatory 

standards, or studies are conducted to check aspects of each 

section of a project against the information depicting the 

location and intensity of environmental constraints. 3) Land 

mapping approach where information and constraints are organ

ized on maps. 4) Abstract approach which is based on a 

conceptualization of goals and objectives and not on tangi

bles such as maps. Development objectives may be compared 

with a number of policy statements and regulations in order 

to make decisions, or simulated modelling and gaming analyses 

may be used to arrive at decisionsu 

Natural resources planning is inseparable from poli

tical decision making. Therefore, during the planning 

process, it is very important to identify the main political 

forces and beliefs, and the possible areas of policy con

flicts and consensus. 
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Declaration of intent defining the area of the plan, 
either geographically or conceptually, together with 
invitations to the communi ty, private developers and 

government authorities to participate 

I 
Identification of relevant physical, biological and 
socio-economic characteristics and conditions of 

the whole environment 
collection, collation and evaluation of information 
on the na tural and cultural environments and needs 

I 
Identification of constraints, problems and oppor-

tunities for growth and development related to soc ial , 
economic, and natural environment factors 

T 
Development of alternative strategies for future 

growth consistent with environmental policy 
Assessment of natural, economic and soci al 

consequences of al ternative strategies 

1 
I Resolution of competing demands, and trade-offs 

Selection of comprehensive plan with environmental 
consequences balanced against development 

preparation of purpose-oriented guidelines to 
complement the plan determined 

1 
Implementation I 

1 

I 
Reappraisal and revision 

in the light of experience 

Figure 1: Some Elements of an Environmental Development 
Planning Process (adapted from Beale 1980). 
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Considering the difficulty to predict the 

consequences of management on ecosystems, Holling (1978) sug

gested the adaptative environmental management approach. The 

fundamental principle of this approach is that no matter how 

well we plan, there will always be an unknown factor. There

fore, planners must develop resil ient policies which allow 

plans to change and to be adapted to the conditions at any 

time. He recommended six points which are listed below. 

1. Environmental dimensions should be introduced at the 

very beginning of the development or policy design 

process and should be integrated as equal partners 

with the economic and social dimensions. 

2. Thereafter, in the design phase, there should be per

iods of intense, focused innovation involving 

signif icant outside consti tuencies, followed by per

iods of stable consolidation. 

3. Part of the design should include benefits attached 

to increasing information on unknown or partially 

known social, economic, and environmental effects. 

Information can be given a value just as jobs, income 

and profit. 

4. Some of the exper iments designed to produce inform

ation can be part of an integrated res~arch plan, but 

others should be designed into the actual management 

activities. Managers as well as scientists learn 

from change. 
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5. An equally integral part of the design are the moni-

toring and remedial mechanisms. They should not 

simply be post hoc additions after implementation. 

6. In the design of the mechanisms mentioned above, 

there should be a careful analysis of the economic 

trade-offs between development of structures and 

policies that presume that the unexpected can be 

designed into insignificance and development of less 

capital intensive mechanisms that monitor and ame

liorate the unexpected if it happens. 

7. The above points imply changes in institutions and 

legislation. 

Jameson, Moore and Case (1982) discussed ten steps in 

forest planning process. 

ered as a summary of all of 

follows: 

These steps which may be consid

the above discussions are as 

Step 1: Identification of public issues, management con

cerns, and resource opportunities In this 

step, the planner must be sure that the issues 

involved in the plan are right for the public 

and not only for the planner. 

Step 2: Development of planning criteria This step 

provides criteria for the evaluation of differ

ent alternatives and the selection of one of 

them. Three forms of criteria may be developed: 
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process criteria, decision criteria, and public 

policy criteria. 

Step 3: Inventory data and information collection 

This step is a compilation of data needed for 

the other steps of the process. 

Step 4: Analysis of the management situation It is 

determined whether the present management meets 

the criteria required for suitable management. 

Models, e.g., linear programming, may be used 

for the analysis. 

Step 5: Formulation of alternatives -- In the light of 

the first steps, the planner formulates differ

ent alternatives that will best satisfy the 

public issues, management concerns, and manage

ment opportunities. 

Step 6: Estimation of effects of alternatives An 

estimation of the physical, biological, econom

ic, and social effects of each alternative are 

made. The planner describes the anticipated 

consequences of changes in the flow of goods and 

services. 

Step 7: Evaluation of the alternatives -- The alterna

tives are evaluated and tested to determine how 

well they satisfy public policies and meet deci-

sion criteria. This step is best accomplished 

by a multidisciplinary team. Ecological and 



17 

socio-economical effects are very important in 

this step. The alternative which best meets the 

criteria will be identified as the preferred 

alternative in the draft Environmental Impact 

Statement (EIS). 

Step 8: Selection of an alternative After receiving 

public comments on the different alternatives 

and based on the preferred alternative in the 

draft EIS, one alternative is selected and the 

benefits relative to other alternatives are 

described. 

Step 9: Implementation of the plan Scheduling and 

choosing a location of management prescriptions 

must be made. This operation will help multi

year programs and budgeting. 

Step 10: Monitoring and evaluation -- A detailed specifi

cation of timing, precision, and variables to be 

monitored must be made. 

The planning process as related to identification of 

issues and concerns is illustrated in Figure 2. 

The first step of my planning process, which is simi

lar to that of Jameson et ale (1982), began by a general 

resource inventory of the country including soils, 

tation, surface waters, groundwaters, land use, 

population. We established maps of these resources 

vege

and 

at a 
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INITIAL ,... MANAGEMENT 
CONCERNS 

~Ir 

POTENTIAL PUBLIC ISSUE SCREENING ISSUE QUANTIFICATION 
~ rt 1-+ ISSUES AND ... INPUT OF ISSUE . STATEMENTS OF ISSUES 

CONSTRAINTS INPUT 
.. ~ ~ 

~ ISSUES AND REVISED CONCERNS I 
~ 

PLANNING AND DECISION CRITERIA 

~ 
.... 

IN\~NTORY DATA/INFORMATION COLLECTION ... 

J 
I ..... I ANALYSIS OF MANAGEMENT SITUATION 

1 
FORMULATION OF ALTERNATIVES .... 

~ 
~ ESTIMATION OF EFFECTS OF ALTERNATIVES ..... 

~ 
EVALUATION OF ALTERNATIVES 

~ 
SELECTION OF ALTERNATIVES .... 

"" 

1 
MONITOR AND EVALUATE IMPLEMENTATION 

~ ..... 
OF SELECTED ALTERNATIVE 

Figure 2. The Planning Process a8 Related to Identification 
of Issues and Concerns 
(Source: Jameson et ale 1982) 
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scale of 1/500,000 (Government of the Republic of Mali 1983). 

Based on these maps I chose an area for planning. Two major 

criteria were set: 1) the area should have a high potential 

for development, 2) the area should have important public and 

political issues and concerns which necessitate the develop

ment of a management plan. Using these two criteria, my 

choice was the Central Delta of Niger. My planning process 

will continue by three main steps: the analysis of past man

agement of the area, the description of the area as it is 

now, the development of two management alternatives. 

Finally, I will make some recommendations concerning the man

agement of the area. The process is outlined in Figure 3. 

Historical Considerations 

The current use of the Delta is a product of a long 

process of evolution under different civilizations. Its his

tory is inseparable from the great empires which successively 

dominated the region. Historically, three main periods can 

be identified: the period before the Dina, the Dina period, 

and the period after the Dina. 

Period Before the Dina 

It is well documented that the first inhabitants of 

the Delta were the Bozo ethnic group, who are fishermen. The 

Nono ethnic group, who are farmers, are also very ancient in 

the Delta. In fact, it is not clear whether or not the Bozo 

and the Nono constitute separate elements of the same group 
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Inventory and compilation of information on soi 1 s, 
vegetation, waters, population, and land use 

of the whole country 

I 
Development of criteria for choosing a given area 

I 
Choice of the area 1 

I 
Description of the area: 

physical, past management, current management 

I 
Development and economic, social and 

enviromental analysis of two management alternatives 

I 
Recommendations 

Figure 3: General Scheme of My Planning Process 
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in the past. Rice farming by the Nono started probably in 

1500 BC (Gallais 1967). Gallais and Boudet (1980) suggested 

a possible sedentary ancient form of livestock raising 

besides farming. 

The first influence from outside the Delta carne from 

the Wagadu (or Ghana) Kingdom. In effect, by the end of the 

Eighth Century, the Wagadu Kingdom was very 

gold mines attracted traders from the 

powerful. Its 

Maghreb and Egypt 

through trans-Saharan routes and its commercial activities 

reached the Delta (Levtzion 1973). In 1077, the Almoravides 

destroyed the Wagadu and the trans-Saharan routes became 

insecure from their constant attacks. The trader community 

of Wagadu, the Soninke, seeking security, moved toward the 

Niger River. Most of them joined the Bozo in Dia and later 

settled in Djenne in the Delta. Livestock raising was mainly 

dominated by nomadic groups, the Maure and the Touareg, who 

were moving along the main commercial routes exchanging live

stock products and salt for cereals. The Peuhl ethnic group, 

who actually constitutes the dominant livestock raisers in 

the Delta, were in the Senegal River valley under the protec

tion of the Tekrour state. 

After the decline of the Wagadu, the Mali Kingdom 

became progressively powerful. The western Saharan routes 

toward the Maghreb were progessively abandoned to the benefit 

of new routes eastward. The kings of Mali who were Moslems 

conquered the Delta and regions north of it from 1300 to 
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1330. Therefore, from the Fouta-Djallon to Tombouctou the 

Niger River became a political, economical, and cultural tool 

for Mali which became a real empire (Figure 4). The emperors 

of Mali developed Djenne as the main commercial center in the 

Delta where salt coming from Tombouctou was exchanged for 

slaves and gold coming from the south. All the inhabitants 

of the Delta who accepted the Islam religion and the author

ity of Mali became the Marka which means "Mali-ka = people of 

Mali." A new ethnic group was created. 

Meanwhile the valley of the Niger River dried up, 

creating conditions very similar to those prevailing in the 

Senegal River valley. The security in Mali allowed Peuhl 

animals to graze throughout the kingdom. Thus, the Peuhl 

discovered the Niger valley and, led by their chiefs the 

ardo, different nomadic group began to enter the Delta at the 

end of the Thirteenth century. However, conditions were 

still too humid for Maure and Touareg animals. 

In the middle of the Fifteenth Century, the Sonrai 

Kingdom defeated Mali. Thus, Tombouctou and Djenne became 

property of the Askia based in Gao. The Askia maintained the 

political structures of the Mali empire and allowed autonomy 

of local princes. The Delta was very prosperous. Gallais 

(1967) reported that at this moment there were plenty of 

barley, rice, livestock, fisl!, and cotton, all produced in 

the Delta. 
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In 1591, expeditions from Morocco defeated the Sonrai 

Kingdom. Portuguese were already on the coasts of the Guinea 

Gulf at the end of the Fifteenth century. Commercial activi

ties became intense toward the Atlantic Ocean in the 

Sixteenth Century. However, trans-Saharan routes remained 

very active. The Sultan of Morocco had trouble maintaining 

his authority on the region especially on Tombouctoll and 

Djenne. Power conflicts between him and local chiefs contin

ued through the Sixteenth and the Seventeenth Centuries. 

In the Seventeenth Century the Peuhl became 

conquerors and their movement from the Senegal valley to the 

Delta became very intense. At the same time another ethnic 

group, the Bambara, began settling the border of the Delta. 

About 1670 the Delta fell under the domination of the 

Bambara Kingdom of Segou founded by Biton Coulibaly. The 

Bambara did not bring any new institutions to the Delta. 

Thus, from the Fifteenth Century to the Eighteenth Century, 

the strong political and' administrative structures set by the 

Mali empire were progressively disintegrated (Gallais 1967). 

The Peuhl who started to adopt the Islam religion became more 

and more powerful and finally claimed their rights on the use 

of the Del ta. At the beginning of the 1800 I s, the Del ta was 

completely disorganized politically. Besides Peuhl animals, 

those belonging to Touareg and Bambara were also using the 

region. Consequently conflicts were very frequent, the Peuhl 

trying to impede others from using the region. Different 
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Peuhl groups were also fighting each other. These conflicts 

continued until the Dina. 

The exact effect of this pre-Dina period on the eco

system of the Delta is not known. However, there are 

indications that the region was very intensively used, both 

for farming and livestock raising. This heavy utilization of 

the land probably resulted in overgrazing and overuse of 

large areas in the Delta and its immediate border. 

Socially, this period has been mostly dominated by a 

cooperative type of relation between the different social 

groups, each of them producing the goods needed by the 

others. The empire of Mali had the strongest and most dur

able influence on the Delta, the real motivation being 

commercial activities on the Niger River. 

Dina Period 

In the Nineteenth century the Peuhl began a vast 

movement of domination in the Delta. In 1812, Sekou Amadou 

Cisse who was a Moslem Peuhl and his disciples, the Modibabe, 

conducted the "Holy War" through the region to convert the 

non-~1oslem population of the Del ta to the Islam reI igion. In 

1818 he established a set of social, political, ethnic and 

economic regulations ruled by a solid army. These regula

tions are called the Dina. 

In order to secure their supply in rice, the Peuhl 

intensified the settlement of war prisoners, the Rimaibe, and 
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used them as slaves to produce their rice. The main ~ction 

of Sekou Amadou has been his effort to sedentarize the Peuhl 

and the Bozo. These two nomadic groups of the Delta were 

obliged to choose a permanent residence and agreements were 

made which precisely designated animal routes in the Delta 

and toward the rainy season pastures. Each of the nomadic 

herds waG divided into three main fractions: 1) The Dounti, 

a small herd composed of mil.k cows remaining in the village 

to serve the immediate needs of the family. 2) The Benti, 

composed of most of the milk cows, calves and a few bulls, 

did not make the long migration, but left the Delta as late 

as possible and remained close to the villages during the 

flood period. 3) The Garti was the bulk of the herd and made 

a long migration during the flood period (350 km). Instead 

of the entire family moving with animals only young men 

directed by an adult herder led the animals. In 1821, Sekou 

Amadou established a precise schedule for the use of the 

transhumance routes. He codified the organization of differ

ent herds in transhumance groups (egguirgol) when leaving and 

entering the Delta. Each egguirgol was led by the Dioro, who 

was responsible for the strict application of the rules and 

for the use of different pastures. He established territ

orial structures based on the leydi. A leydi was a piece of 

land containing sedentary villages for livestock raisers 

(ouro), reserved pastures for the Benti (Harrima), villages 

for farmers (Sare), and a network of cattle routes. The Dina 
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code reduced grazing fees of the traditional conservator 

Peuhl, and introduced free common grazing from April to July. 

It also introduced the notion of Bourgou Beit-el which was a 

pasture with bourgou (Echinochloa stagnina) belonging and 

managed by the chief of the leydi instead of the Dioroo The 

use of the Bourgou Beit-el was subject to the payment of 

grazing fees to the chief of the leydi. 

The consequence of the Dina Code was a real relief 

for the land. Strict rules for the use of pastures and 

control of their access limited overgrazing (if any) to a 

minimum. By separating pasture land from crop land, by de

fining cattle routes and establishing sanctions for damage to 

crops or fishing, the equilibrium between different ethnic 

groups, social classes and land uses was possible (Government 

of the Republic of Mali 1983). 

This period may be considered as the "Golden Age" for 

livestock raising in the Delta. 

Period after the Dina 

The ruin of the Dina came from the Toukoulors. El 

Hadj Omar (1862) and his successors defeated the Peuhl and 

seriously disturbed the Dina. However, after 1880, Tidiani, 

one of the successors of El Hadj Omar, preserved and followed 

the remaining regulations of the Dina. Meanwhile, the Peuhl 

accepted settlement in the Delta of free independent farmers 

from outside the Delta. 
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In 1893, the French conquered Bandiagara, the capital 

of the Toukoulors. Under French colonization the forms of 

the main structures of the Dina code remained but the equili

brium between the different ethnic groups and their 

activities changed. Livestock raisers from outside the Delta 

moved into the Delta and began to break the regulation con

cerning the schedule. Authority over the lands became the 

personal revenue of the Dioro and his related families (Gal

lais and Boudet 1980). The concepts of reserved pastures, 

Harrima and Bourgou Beit-el were abusively used by chiefs of 

villages and cantons. In 1906 the French freed war prisoners 

of the Peuhl, the Rimaibe, who later invested in cattle. The 

pure livestock raisers, dispossessed of their free labor, 

were obliged to cultivate their lands for their supply of 

rice. 

From this period to now, nomadic pastoralists became 

rice farmers and vice versa. This change in land use largely 

contributed to the current problems of livestock raising in 

the Delta (Cisse 1980). These problems have already been 

discussed in the Introduction. 



DESCRIPTION OF THE PLANNING UNIT 

Location and Boundaries 

The Inland Del ta of Niger is located in the central 

part of Mali. It comprises three distinct parts: the Active 

Delta which is inundated every year, the Dead Delta which is 

no longer inundated by the river, and the Lake Zone. The 

location of the Delta in relation to the other natural 

regions in Mali is shown in Figure 5. Unless otherwise spec

ified, the term Delta here means the Active Delta. Figure 6 

shows the Active Delta and its major subdivisions in detail. 

Its limits are those of the annual flood and it covers parts 

of administrative enti ties of Macina, Tenenkou, Mopti, San, 

Youvarou and Djenne. 

Land Owne r sh i p 

As discussed previously, one of the major problems in 

the Delta is the lack of a clear land right. The Government 

owns all the land and the Conference of Bourgoutieres, each 

year, se ts the gene r al gu idel ine for the use of the Del ta. 

The administrative officials settle the litigations. 

29 



30 

MALI 

o 100 200 300 400 km 
, I ! , , 

MAURITANIA 

NIG1:R 

BURKINA·FASU 

GUINEA 

.01 Active Delta 

EEB 02 Lakes zone 

OJ 03 .Dead Delta 

Figure 50 Inland Delta of Niger in Mali 



Figure 6. 

r=:=:; 
t:::j 

r-:::1 
L:::..J 

HIGHLANDS OF SAHEL 

1. Mune En 
2. Meme·Jwfl 
l . lendietefl ""''" IN E I 
4 . lendie!•" """" IEL 
5. Bendieeer• ltlueew ISE I 
1 . Seneri ltl1in1 

REST ltASTURES 

7. Deeu• "•ina 
I . Wen De1t1 
I . Niter Terr1ce1 (ICe Mecine) 

HIGH HAINS 

10. D jene end Sofere !tie ina 
11 . lteroydji end Di1lloube ltlein• 
12. Dieterebe Pleina 

INUNDATED PLAINS 

13. Wuro Nelle ltlelna 
14 . Mecin• "ein1 
15 . leni Plein• 
11 . Mopti Plein• 
17. Yoneeri end ltonderi 8uin1 
18 . Centrll Buinl 
11. Oebo·Weledo Buln 

Landscape Units of the Active Delta 
in Mali (adapted from Wilson et al. 

of Niger 
1983). 

31 



32 

Climate 

For def ining the cl imate of the Del ta, the Uni ted 

Nations Educational, Scientific and Cultural Organisation 

(UNESCO) system, which is a synthesis of several methods, 

will be used. 

The general cl imate over the Del ta is semi-ar id as 

defined by UNESCO (1979). Precipitation along with the 

. annual variations of temperature and other climatic factors 

are important factors for plant gro""'th. UNESCO defined the 

degree of bioclimatic aridity as the ratio of the mean annual 

rainfall to the mean annual potential evapotranspiration. 

They define semi-arid zones as regions with the precipitation 

to evapotranspi ration ratio greater than 0.20 but less than 

0.50 with a mean annual rainfall between 300 and 800 mm in 

summer rainfall regimes and between 200 and 500 mm in winter 

rainfall regimes. 

The mean annual rainfall and potential evapotranspir

ation at Mopti: 14 0 34 North latitude, 4 0 06 West longitude, 

altitude 271 m and at San: 13 0 20 North latitude, 4°50 West 

longitude, altitude 283 m, are in Table 1. 

The temperature regime of the Del ta is warm winter 

and very warm summer with the mean annual temperature of the 

coldest month between 20 and 30 C and that of the warmest 

month more than 30 C. The mean annual temperatures at Mopti 

and San are shown in Table 1. There is one minimum of tem-

perature in January and another minimum related to rains in 



Table 1. 

Station 

I{)PI'I 

SAN 

Monthly potential Evapotranspiration (rom), Mean Rainfall (rom) I and 
Mean Air Temperature (C) at Mopti and San 

JAN FEB MARCH APRIL HAY JUNE JULY AUG SEPT OCT NOV DEC ANNUAL I 

-' 

Evapotranspi- 212 241 273 272 280 273 220 193 189 237 214 176 2.780 
ration 

Rainfall 0.3 0.1 0.6 4.6 24.2 58.3 144.4 186.C 91.9 20.0 0.4 0.5 531.5 
1926-1975 

- -
Tempe ra ture 21..5 26.9 28.8 31.6 32.8 31.2 28.4 27.2 27.5 28.4 26.3 22.9 27.9 
1951-1975 

Evapotranspi - 197 204 254 231 270 231 192 175 187 223 219 181 2.564 
ration 

Rainfall 0.4 0.2 3.1 12.5 44.2 99.6 175.9 261.1 129.0 27.5 3.4 0.5 757.4 
1956-1975 

Temperature 23.5 26.8 29.9 32.2 32.5 30.3 27.0 26.5 27.0 28.6 27.3 23.9 28.0 
1951-1975 

Source: (r~vernment of the Republic of Mali 1983) 

LV 
LV 
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August. There are also two peaks of maximum temperatures: 

one in April-May and one in October-November (Figure 7). 

The number of dry months with less than 30 mm of pre

cipitation is seven to eight. There is dominant winter 

drought with summer pr ecipi tation. There is only one rainy 

season from June to September with a maximum in August. 

However, the main climatic factor in the Delta is the 

combined effect of rainfall and inundation. The first rains 

ensure the growth of burned grasses and unburned stumps. 

But, the influence of these rains is rapidly replaced by that 

of the inundation. This inundation has a buffering effect on 

temperature extremes of the Del ta compared to those outside 

the Delta. This buffering effect is shown in Figure 8. 

Inundation 

The effect of inundation on plant production is a 

function of three main factors: the speed with which waters 

rise and subside, the depth of inundation, and the duration 

of inundation. 

There is a lag of the beginning of the flood and 

water subsidence from the entry of the Delta to its exit. At 

Macina, entry of the Delta, rains start in May, become regu

lar from July to mid-September, and end in late September. 

The flood begins in August and reaches its maximum in Septem

ber. Waters begin to subs i de in early Octobe r. At Di re 

located at the exit of the Delta, rains do not start until 
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July. They become frequent from August to September and end 

in mid-September. The flood begins in late August and rea-

ches its maximum in mid-December. water subsidence begins in 

early September (Figure 9). As explained by Traore (1978), 

this lag has different effects on pastures at the immediate 

border of the Delta, the "rest-pastures. n When animals 

arrive from transhumance in November, they initially use the 

rest-pastures. However, they use those at the exi t more 

intensively than those at the entry, because the inundated 

plains at the exit are available two and a half months later 

than those at the entry. Therefore, the risk of degradation 

is higher for those at the exit than those at the entry. 

Another important aspect of the inundation is the 

interannual variations of the flood. The Mali Land Use Proj

ect (Government of the Republic of Mali 1983) reported that 

nine per iods of dry years were recorded from 1600 to 1900 

with an average periodicity of twenty nine years. From 

streamflow analysis of the Niger Basin, the proj ect found 

some degree of regularity in dry and wet sequences. Figure 

10, which illustrates these sequences, shows three dry per

iods interrupted by long wet periods. There seems to be a 

tendency toward a periodic cycle of thirty years~ However, 

the occurrence of sequences of seven, eight, nine, and twelve 

years of dry periods tends to confirm a non random tendency 

to persistence of dry and wet spells. The Mali Land Use 

Project found also the following equation for forecasting the 
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annual flow: Q=0.48Qja + 479 where: 

Q is the mean annual flow in m3sec-l 

Qja is the mean of the July and August flows in 

m3sec-l 
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In order to better understand the mechanism of the 

Niger River floods two major studies have been initiated: 

1) Study of flood anomalies in the Niger (Organisation de la 

Recherche Scientifique et Technique d'Outre-Mer, Centre Nat

ional de Recherche Scientifique, Bureau pour Ie Developpement 

de la Production Agricole); 2) Mathematical water management 

model of the Niger Basin (Societe Grenobloise d' Etudes et 

d'Applications Hydrauliques). 

are not yet available. 

The resul ts of these studies 

Geomorphology and Soils 

The Del ta belongs to the geological province of the 

Taoudeni t Basin which is an enormous continental basin of 

subsidence. The material of the Delta is composed of recent 

alluvium of clay, silt, sand, gravel, and sandy clays with a 

thickness of ten to thirty meters. The alluvium is deposited 

over the upper Tertiary strata, the "Terminal Continental," 

composed of clays, sandy clays, sands, and sandstones. 

The soils of the Delta are distributed in relation to 

the inundation. Three main types can be distinguished: (1) 

Soil s of bottoms submerged for 3 to 5 months, rich in sil ty 

clay sediments and in organic matter. (2) Soils of inundated 
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plains with diversified texture. The material is coarser 

tha.n that of bottoms. The proportion of sil t is, however, 

greater at the surface. (3) Non inundated sandy soils locally 

called "Toguerres" (Traore 1978, Bertrand 1973). 

The Mali Land Use Project recognized seven 

groups of soils based on the American soil Taxonomy. 

soils will be described in greater detail later in this 

major 

These 

dis-

sertation. 

Vegetation 

The vegetation in the Delta has been 

several authors: Roberty (1946), Davey 

(1972), Demange (1975), and Traore (1978). 

described by 

(1958), Boudet 

All of these 

authors recognized a stratification of vegetation related to 

the depth and duration of inundation. The most recent de

scription of the vegetation in the Delta has been done by 

Hiernaux (1982). Hiernaux described twenty three units of 

vegetation with eleven in the inundated plain and twelve in 

the non inundated higher positions. The units and their 

dominant species are as follows: 

1. "Bourgoutieres" with Echinochloa stagnina and/or 

Vossia cuspidata; 

2. "Orizaies" with Oriza longistaminata and Elio

charis dulcis; 

3. Very low "Vetiveriaies" with Vetiveria nigritiana 

and Scirpus maritimus; 
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4. Low "Vetiveriaies" with Vetiveria nigritiana; 

5. Low Eragrostaies with Eragrostis barteri, Oriza 

longistaminata, and Eliocharis dulcis; 

6. Medium "Vetiveriaies" with Vetiveria nigritiana 

and Hyparrhenia rufa; 

7. "Eragrostaie" with Eragrostis barteri and Setaria 

anceps; 

8. High "Vetiveriaies" with vetiveria nigritiana, 

Andropogon gayanus, and Sorghum trichopus; 

9. High "Eragrostaies" with EragrQ,stis barteri and 

Andropogon canaliculatus; 

10. "Panicaie" with Panicum anabaptistum, Andropogon 

gayanus and Piliostigma reticulatum; 

11. Rice fields with Oriza sativa; 

12. Oscillation zones of maximal floods with Pilios

tigrna reticulatum, Guiera senegalensis, and Diospyros 

mespiliformis as ligneous plants and HYPerthelia dissoluta, 

Cynodon dactylon as grasses; 

13. "Andropogonaie" of river banks with AndroI2Q.9Q1l 

gayanus; 

14. Sandy flat Savannah with Piliostigma reticula

turn, Guiera senegalensis, Acacia albida as lignecus plants 

and Andropogon gayanus, Panicum anabaptistum, and Ipomea asa

rifolia as herbaceous; 
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15. Shrub Savannah of "toguer res" with Pil iosti gma 

reticulatum, Acacia pennata, Ficus gnafalocarpa, Andropogon 

gayanus, and Panicum anabaptistum; 

16. Shrub Savannah of "toguerres" with Acacia sie

beriana, Dichrostachys glomerata, Albizzia chevalieri, 

Panicum anabaptistum, Chloris prieurii, and Achyrantes argen

tea; 

17. Shrub thicket of "toguerre" with Diospyros 

mespiliformis, Acacia seyal, Piliostigrna reticulatum, Echino

chloa colona, and Schoenefeldia gracilis; 

18. Tree Savannah of "toguerre" with Terminalia 

macroptera, Terminalia avicinoides, Andropogon gayanus, and 

Sporobolus pyramidalis; 

19. Anthropic vegetation of "toguerre" with Celtis 

integrifolia, Tamarindus indica, Chloris prieurii, and Dac

tyloctenium oegyptiaca; 

20. Palm-grove with Hyphaene thebaica, Borassus 

oethiopum, and Chloris pilosa; 

21. High plains "Acaciere" with Acacia seyal, Acacia 

nilotica, Echinochloa colona, and Schoenefeldia gracilis; 

22. Low plains "Acaciere" with Acacia nilotica, 

Echinochloa colona and Sporobolus helvolus; 

23. Sahelian lake plains with ~cacia raddiana, Calo

tropis procera, and Indigofera oblongifera; 



Populatio~nd Land~ 

From the data based on 1976 census and compiled by 

the Mali Land Use Project (Government of the Republic of Mali 

1983), the estimated population of ·the Delta is 447,644 inha

bitants, which is 7% of the total population of the country. 

The annual birth rate is 4.6%, the death rate is 2.7% and the 

rate of natural increase is 1.9%. Cities with 5,000 inhabi

tants or more are: Mopti, 55,332; Djenne, 10,275; Macina, 

5,445; and Dia, 5,202. The average household size is four. 

If we consider the increase rate of 1.9%, the current popul

ation of the Delta would be near 524,000 inhabitants. 

In the Delta several ethnic groups coexist and they 

have been profoundly marked by the history (see Historical 

Considerations). In general, the Peuhl are livestock rais

ers, the Rimaibe are rice farmers, the Bozo-Somono are 

fishermen, the Marka are traders, and the Bambara are rainfed 

crop farmers. However, as already mentioned, this general 

pattern is being changed and the different activities are 

less and less related to the ethnic groups. 
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INVENTORY DATA AND DESCRIPTION OF NON LIVESTOCK USES 

Inventory Data 

As mentioned in the Introduction, the Mali Land Use 

Project conducted a land inventory using Landsat images. The 

approach used by this project was relatively new in Mali 

(Government of the Republic of Mali 1983). This project de

scribed and mapped soil/vegetation units. Previous mapping 

in Mali was by soils or vegetation separately. In this chap

ter I will present the general concept of the project and its 

results for the Delta. 

Mapping Units 

Mapping units are areas of similar characteristics 

enclosed by lines on a map and are given the same symbol. A 

portion of mapping units of the Delta is shown in Figure 11. 

Taxonomic Units 

Mapping units may be composed of one or more taxonom

ic units. 

Taxonomic units, in the concept of the project, are 

soil/vegetation units recognized and described mainly accord

ing to the soil and vegetation, but including other 

characteristics such as parent material, physiography, rain

fall, and land use. Each taxonomic unit has a defined 
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central concept of soil and vegetation which makes it unique. 

However, inside this central concept, there are small varia

tions between individual descriptions. The soil component of 

the units has been described to the subgroup level. The idea 

is to define the units later to the phase level with more 

detailed studies. 

A total of nine taxonomic unit have been recognized 

in the Delta. 

D7: Ustalfic Quartzipsamments/Hyphaene thebaica, 

Balanites aegyptiaca. This unit occupies well-developed sta

bilized dunes in a rainfall range between 200 to 500 mm. It 

is largely represented toward the lacustrine zone. Soils are 

deep and uniformly sandy throughout their depth. Color is 

yellowish brown, the surface being slightly darker than the 

subsurface. The surface is structureless but the subsurface 

has a weak to moderate subangular blocky structure. Reac

tions are variable from medium acid to neutral. The unit is 

cultivated for millet with a medium to long fallow period. 

In a fallow situation Hyphaene thebaica, a palm tree, is pre

sent, but the fields are also invaded by several species of 

shrubs: Balanites aegyptiaca, Leptadenia pyrotechnica, Zizy

phus mauritiana, Acacia adansonii. Annuals are abundant 

during the rainy season. 
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TH2: Typic Tropagualfs/Acacia seyal, Schoenefeldia 

gracilis. This unit occurs in a rainfall range of 200 to 550 

mm. Soils are deep, moderately fine textured and poorly 

drained and gleyed from the surface. There are reddish and 

yellowish mottles. Surface texture is sandy but the subsur

face is heavier. The structure is weak in the surface, 

moderate subangular blocky in the subsurface. Reactions 

range from medium acid to neutral in the surface and strongly 

acid to neutral in the subsurface. 

The dominant plant species are Balanites aegyptiaca, 

Acacia seyal, Acacia adansonii, and annuals. 

The unit is essentially used for grazing. 

TH6: Typic Tropagualfs/Diospyros mespiliformis, 

Acacia seyal. This unit occupies old levees and terraces. 

Rainfall range is between 200 to 800 mm. Soils are essen

tially the same as TH2. However, surface textures are heavy 

loams to light clay loams, often silty or fine sandy, merging 

into a slightly heavier subsurface. The soil is characteriz

ed by an extremely hard consistency in the subsurface and by 

surface erosion. Reactions vary from very strongly and 

slightly acid in the surface to strongly acid and moder~tely 

alkaline in the subsurface. 

Vegetation is composed of patches of moderately dense 

to dense stands of large shrubs intermixed with moderately to 

severely eroded patches of land. Vegetation patches are 
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characterized by Diospyros mespiliformis, Balanites aegyp

tiaca, Acacia seyal, and Piliostigma reticulatum. Several 

species of the Capparis genus are present. Other shrubs and 

grasses are: Tarnarindus indica, Bauhinia rufuscens, Panicum 

laetum and Andropogon pseudapricus. 

The unit is exclusively used for grazing. 

TH7: Plint-hic Tropagualfs/Terminalia macroptera, 

Andropogon gayanus. This unit occurs between 200 to 1400 mm 

on flat to gently sloping alluvial plains in the Delta rim, 

especially on alluvial terraces at the entrance of the Delta. 

The soils are deep, fine textured and poorly drained. The 

presence of plinthite is common. The surface is a little 

darker than the subsurface. Texture is typically sandy to 

silty loam in the surface merging into a heavier silty sub

surface. The surface is weakly structured but the subsurface 

is well structured with moderate to strong subangular or 

angular blocky structures. Subsurface reactions are strongly 

acid. This unit is diverse in its vegetative composition. 

The overstory is dominated by Terminalia macroptera. pilio

stigma reticulatum, Gardenia ternifolia, and pterocarpus 

erinaceus are common. The herbaceous layer is dominated by 

Andropogon gayanus, Panicum anabaptistum and annuals. 

The main land use is grazing, but some cultivation is 

common. 
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TIl: Typic Tropagualfs/Echinochloa stagnina. Oriza 

longistaminata. This unit occurs between 200 to 800 mm 

occupying the lowest level in the Delta. It is characterized 

by flat to very gently sloping gradients and by annual flood-· 

ing to a depth of three meterso The inundation continues 

from six to eight months with some small localized areas con

tinuously inundated. 

The soil is very poorly drained and is strongly 

gleyed. Surface textures are silt loam, merging into a heav

ier subsurface. Surface and subsurface reactions are 

strongly to medium acid. 

The vegetation is dominated by Echinochloa stagnina, 

and Vossia cuspidata in the most deeply inundated areas and 

by Oriza longistaminata in the shallower portions of the 

unit. Clumps of Vetiveria nigritiana and thickets of Mimosa 

pigra are commonly found. The local name of this unit is 

Bourgoutiere and it is the most important pasture in the 

Delta. Normally·saturated too long to permit agriculture, 

the unit is used for rice cultivation in dry years. 

TI2: Typic Tropagualfs/Rice Paddy: This unit is 

similar to that of TIl. It is continuously used for the pro

duction of flooded rice (Oryza sativa). Other herbaceous 

plants such as Vetiveria nigritiana, Echinochloa stagnina, 

and Scirpus spp. may be found. 



After the rice is harvested, livestock are turned 

into the fields. 

TI3: Typic Tropagualfs/Vetiveria nigritiana. Panicum 

anabaptistum. This unit occupies flat to very gently sloping 

plains and is annually inundated to a maximum of about two 

meters. Inundation continues from two to six months. 

Soils are deep, moderately fine to fine textured. 

They are characterized by poor drainage and acid reactions. 

They are strongly gleyed to the surface. Texture is typi

cally silty, being loamy in the surface and merging into a 

heavier subsurface. They are well structured throughout, 

moist, subangular blocky 

blocky in the subsurface. 

strongly acid. 

in the surface and often angular 

Reaction is strongly to very 

Vegetation is dominated by Vetiveria nigritiana or in 

some cases, Panicum anabaptistum. These are usually inter

mixed with Oryza longistaminata, Hyparrhenia r~fa, Eragrostis 

barteri, Andropogon gayanus, Sorghum trichopus, each of them 

dominating in some places in relation to the microrelief. 

The Cyperaceae are also common. Piliostigma reticulatum is 

common. 

This unit is mainly used for pasture. 

cultivated, mostly for rice. 

It is also 
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TI4: Typic Haplaguepts/Vetiveria nigritiana. This 

unit occupies secondary river channels along the main river 

bed. It receives annual increments of alluvium which vary in 

relation to its source and river velocity. Therefore, the 

soil consists of layers of alluvium of different characteris

tics from place to place. 

Vegetation is almost a pure stand of Vetiveria 

nigritiana. Panicum anabaptistum and Oryza longistaminata 

can also be found. 

This unit is exclusively used for pasture. 

X6: This unit is entirely composed of permanent 

water bodies. 

Land Capability Classes. 

The different taxonomic units have been assigned to 

land capability classes which were obtained by an adaptation 

of the land capability classification, system of the United 

States National Cooperative Soil Survey. 

The Mali Land Use Project (Government of the Republic 

of Mali 1983) also estimated the total vegetal production and 

grazing capacity of each unit. The capability classes, the 

vegetal production, and the grazing capacity of the units in 

the Delta are in Table 2. The wide range of the production 

and grazing capacity is the result of the high variability 

within soil-vegetation units. 
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Table 2. Capability Classes, Vegetal Production, and 
Grazing Capacity of Soil/Vegetation Units in 
the Del ta. 

Soil/Vegetation Unit Capability 
Class 

D7: Ustalfic quartzipsarn- VI cs 
rnents/Hyphoene thebaica, 
Balanites aegyptiaca 

DA3: Ustochreptic Carnbor- VI cs 
thids/Acacia raddiana, 
Schoenefeldia gracilis 

TH2: Typic Tropaqualfs/ IVcw/IIIci 
Acacia seyal, 
Schoenefeldia gracilis 

TH6: Typic Tropaqualfs/ VIcw/IVci 
Diospyros rnespiliforrnis, 
Acacia seyal 

TH7: Plinthic Tropaqualfs/ VIcw/IVci 
Terrninalia rnacroptera, 
Andro£Qgon gayanus 

TIl: Typic Tropaqualfs/ VW/lIIwi 
Echinochloa stagnina, 
Oriza longistarninata 

TI2: Typic Tropaqualfs/ VW/IIwi 
Rice paddy 

TI3: Typic Tropaqualfs/ Vw/IIIwi 
Vetiveria nigritiana, 
panicurn anabaptisturn 

TI4: Typic Haplaquepts/ VIIws 
Vetiveria nigritiana 

Production 
T/ha/year 

0.6-2.9 

0.6-1.9 

0.6-3.7 

0.2-1.0 

0.3-3.0 

5.0-30.0 

1.5-6.0 

3.0-15.0 

7.0-15.0 

Grazing 
Capacity 

ha/TLU 

11.0-2.0 

11.0-4.0 

11.0-2.0 

50.0-7.0 

25.0-2.0 

1.0-0.2 

4.0-1.0 

2.0-0.5 

1.0-0.5 
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Each unit has also been assigned to a capability sub

class which represents units with similar kinds of 

limitations or similar compensating improvements. In Table 

2, the Roman numbers represent the classes. They are fol

lowed by subclasses in lower case letters, and they are 

separated from the compensating improvements by a slash. The 

meanings of the capability classes, subclasses, and compen

sating improvements are given in Table 3. 

Grazing Capacity 

Grazing capacity or carrying capacity is the maximum 

number of animals which can graze an area without damaging 

vegetation and related resources. It is expressed in Animal

Unit per unit time per unit area (AUY/ha or AUM/acre). An 

animal-unit or livestock-unit is a standard mature animal. 

In Mali the term Tropical Livestock-Unit (TLU) is used. A 

TLU is a mature animal weighing 250 kg or the equivalent 

based upon average daily forage allowance of dry matter. A 

Tropical Livestock-Unit Year (TLUY) is the amount of forage 

required by an animal-unit for one year or the tenure of one 

animal-unit for a period of one year. 

There is no single m~thod that can be used to deter-

mine grazing capacity. 

United States: range 

available forage. 

Three common methods are used in the 

condition, area allowable use, and 



Table 3. M~anings of Land Capability Classes, Subclasses 
and Compensating Improvements 

Land suitable for cultivated crops and all other uses 

Land Capabil ity Plant Biomass Production Degree of 
Class Potential in a Limitation 

National Context 

I Very high Slight 
II High Moderate 

III Moderately high Severe 
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IV Moderate Very severe 

Land unsuitable for cultivated crops but suitable for 
forage plants and/or woodland uses 

V Variable Slight 
VI Low r.loderate 

VII Very low Severe 
VIII None Very severe 

Restrictive characteristics and compensating measures 

Subclass Restrictive Compensa ting 
Symbol Characteristics Measures 

c Climate Compensate 
for climate 
limitations 

i - Irrigation 

s Soils -
w wetness Compensate 

for wetness 
limitations 
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Range Condition Method. Range condition is referred 

to as the current state of health of a given range. It is 

evaluated by relating current development stage of the range 

to the potential of which it is capable. Two main concepts 

have been developed in determining range conditions: the 

"climax" concept and the "productivity" concept. 

Climax is the highest development stage of a given 

group of plants living together and influenced by ecological 

factors: climate, soil, topography, fire, animals, veget

ation. Time is necessary for any such group to reach climax 

when it has grown on a bare land or when it has been distur

bed during its development. The "climax" concept expresses 

the condition in terms of how far the present species com

position of a given range is from that of the climax. The 

"productivity" concept expresses the condition by relating 

the present total annual forage produced by a given range to 

the maximum amount it can produce. 

The united states Soil Conservation Service (SCS) 

estimates species composition by weight at the climax and 

develops condition guides for different range sitesc There 

are four condition classes: Excellent, Good, Fair, Poor. 

The guides also provide an estimated initial stocking rate. 

After determining range condition, it is possible for a range 

manager to give an estimate of grazing capacity by using the 
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SCS gu ide to ini ti al stocking rate whi ch is avail abl e for 

each site. 

The range condition method has not been used in Mali, 

because of the lack of information on the potential of range-

lands. However, this method may be adapted and used in a 

near future, since information on land potential is increas-

ing rapidly. 

Area Allowable Use Method. In the area allowable use 

method, utilization studies are completed. E'orage util iza-

tion is the percentage by weight of current year plant growth 

removed by grazing animals. Acres of each use zone are 

calculated. Then, based on a realistic level of management, 

an allowable use factor is assigned to each zone. Grazing 

capacity (GC) is calculated as follows: 

GC = (actual number of animals) (allowable area use factor) 
(actual area use factor) 

The difficulty in this method is the estimation of 

the allowable area use factor. This method also requires the 

exact number of animal s which graz ed the given ar ea. These 

two key elements of this method are not known in the present 

situation for Malian rangelands. Therefore, it is impossible 

to use the area allowable use method to determine carrying 

capaci ty for most rangel ands in f.tal i. 
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Available Forage Method. In the available forage 

method, the total available forage per acre that can be used 

by animals from the total production is estimated. Grazing 

capacity is obtained by dividing total available forage by 

animal unit forage requirement. Forage requirement has been 

estimated to be 2 to 3% of animal body weight per day. The 

3% value may include intake for satisfaction of food needs, 

trampled forage, and forage clipped but not ingested. 

A discussion of all of the above methods is in Bryant 

et ale (1978). In Mali the available forage method has been 

used differently by several authors and researchers for the 

estimation of grazing capacity. Boudet (1975) estimated the 

vegetal biomass at the end of the growing season and divided 

the dry weight by 3 to obtain the total available and usable 

forage for livestock. The researchers of his institute assu

med that with this correcting factor, 1/3, the productivity 

of the pastures will be maintained. When the condi tions do 

not allow a direct estimation of the biomass, they suggested 

a rainfall-herbaceous biomass relation of 4 kg of dry matter 

per millimeter of rainfall (Gallais and Boudet 1980). They 

also suggested a daily animal consumption of 2.5% of animal 

body weight. 

The authors of the book "La Productivite des Patura

ges Saheliens" (De Vries and Dyiteye 1982), oppose the 

systemati c use of the factor 1/3 as expl ai ned above. Their 
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view is that any increase in grazing intensity on a given 

pasture resul ts in a reduction of the productivity of this 

pasture. Therefore, a minimum amount of biomass should be 

left on the soils to protect them against degradation rather 

than a fraction (1/3) of the biomass. To estimate grazing 

capaci ty and to what extent it changes with graz ing inten

si ty, these authors adopted the limiting factor approach. 

They found that the limiting factors to the productivity of 

rangelands in Mali are water, nitrogen, and phosphorus, 

depending on the mean annual rainfall and the degree of 

infil tration of soils. In general water is. the limiting 

factor between a mean annual rainfall of 100 to 300 mm. The 

transi tion from plant growth determined by water to that 

determined by nutrients occurs at 300 mm of mean annual rai

nfall. This general pattern is locally modified by soil 

infiltration. For soils with high infiltration rate and low 

runoff, nitrogen and phosphorus deficiencies determine plant 

growth while ~ater becomes the limiting factor for soils with 

low infiltration rate and high runoff. Therefore the authors 

recommended the following to estimate grazing capacity. 

When nitrogen limits the productivity, the fraction 

of biomass available as usable forage is that with a con

centration of nitrogen equal to or exceeding 1.2%. 

When phosphorus or water are the limiting factors, 

the carrying capacity should be calculated using the biomass 
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at the end of the growing season. The amount of biomass 

required to protect the soil is relatively large if water is 

the limiting factor. 

The ILCA project in Mali uses the following formula 

to estimate grazing capacity (Hiernaux 1982): 

C = 
D.t.r 

Iq.N 
where: 

C = Carrying capacity for N in TLU/ha/days 

N = Duration of grazing in days 

D = Total available forage during N in kg of dry matter 

per ha 

t = Maximal apparent consumption rate; maximal fraction of 

available forage which disappears during grazing 

r = Fraction of daily apparent consumption which may be 

ingested by livestock 

Iq= Daily ingestion per livestock unit, in kg of dry matter 

per TLU/day 

Grazing Capacity of the Delta 

The Mali Land Use Project (Government of the Republic 

of Mali 1983) estimated the grazing capacity of different 

soil/vegetation units of the Delta by using the available 

forage method suggested by Boudet (1975) (Table 4). These 

numbers should be used with caution due to the scale of the 
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study ( 1/ 5 0 0 , 0 0 0) , and the large variability within 

soil/vegetation units. 

Breman, Diallo, and Traore (1982), who are among the 

authors in De Vries and Djiteye (1982), estimated an average 

grazing capacity of the Delta of 3 ha/TLU in normal years and 

7 ha/TLU in dry years for the transhumance system. They used 

the method of estimating grazing" capacity suggested in their 

book explained above. 

Non Livestock Uses of the Delta 

The non livestock uses of a rangeland are composed 

of: watershed, wildlife, recreation, forest products, mining, 

cultivation, and urban development. 

Watershed 

As stated in the first 

plays the major role in the Delta. 

chapters, the Niger River 

Therefore, the region is 

subject to a very active sedimentation. Sedimentation is, 

however, a double edged knife. On one hand annual floods 

bring rich alluvium which increase the fertility of soils. 

On the other hand sediments contribute in filling the "bour

goutieres" and other depressions in the Delta. 

Wildlife 

We do not possess a specific documentation on 

wildlife in the D~l tao However, the Forest Service identi

fied important migratory species of birds. A detailed study 
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of these birds needs to be done. There is no serious con-

flict between wildlife and domestic livestock in the Delta. 

Fish consti tute one of the most important resources 

of the Delta. Before the drought in early 1970, fish produc

tion in the Delta was estimated to be 100,000 T to 120,000 

T/year. Actually, due to the combined effect of drought and 

overexploitation, it is less than 100,000 T/year (Eaux et 

Forets 1980). A list of fish species in the Delta is in Dan

soko (1975). The potenti al of the Del ta for fisher ies is 

very high. 

Fish compete with livestock by eating aquatic plants, 

especially rice. Grazing in shallow water increases the tur

bidity and creates unfavorable conditions for fish. Another 

area of conflict between livestock raising and fishing is the 

numerous fords in the Del ta. These points are ideal for 

fishermen because of the ease of laying thei r tools and for 

livestock raisers because of the ease of crossing the chan

nels by livestock. 

Recreation 

Two cities which are historically very important are 

in the Delta: Dia and Djenne (see Historical Considera

tions). Mopti, located at the confluence of the Niger River 

and its affluent the Bani, and surnamed the "Venice" of Mali, 

is a relaxing point for those who want to visit the "mysteri

ous" Tombouctou, Gao, and the "fantastic" Dogon country. The 
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potential of the Delta for recreation is enhanced during the 

flood, because of the possibil i ty of boating using modern 

boats of the Governmental agency CMN or small tradi tional 

canoes. Cruising from Koulikoro to Gao passing through the 

Delta is also a very interesting recreational activity. 

Mining 

At the moment, there is no mining activity in the 

Delta and there is no known potential for it. 

Forest Products 

Most of the vegetation in the Del ta is herbaceous. 

The only potential forest resource is composed of palm trees 

(Hyphoene thebai ca and Borassus oethiopum) which consti tute 

an important source for construction materials and other pro

ducts such as mats and fans. 

Research is underway at the experimental station of 

N'Debougou in order to obtain adequate species for timber 

production under irrigation. Preliminary results are encour

aging and the Delta offers a high potential for it. 

Cultivation 

The agricultural potential of the Delta is very high. 

In fact, cuI tivation consti tutes the major conflicting non 

livestock use with livestock in the Delta. Part of this con

flict has been already discussed in the Introduction. 
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cultivated 

independence to now, 

fields increased sharply. 
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the surface area of 

Sandy levees and flat 

flooded plains have been used for millet and rice production. 

The recent successive dry years allowed rice farmers to cul

tivate the "bourgoutieres", which normally are too deeply 

inundated to be cultivated. The cultivated "bourgoutieres" 

are rapidly invaded by the wild rice, Oriza longistarninata , 

at the expense of the desired species, Echinochloa stagoina. 

Invaded fields are abandoned and new fields are created. 

Unfortunately, Echinochloa stagnina does not regenerate in 

the abandoned fields. Therefore, suitable areas for lives

tock decreased progressively limiting the movement of 

animals. In addition to this physical limitation, livestock 

owners are severely fined for any damage caused by animals to 

crops. 

Urban Development 

Any urban development in Mali is under the regula

tions of the Ministry of Interior. In the Delta urban 

development is not in conflict with livestock, because the 

expansion of most of the villages is limited by the annual 

flood of the river. 



LIVESTOCK GRAZING MANAGEMENT ALTERNATIVES 

As already discussed in the Introduction, conflicts 

between livestock raisers and farmers, and between livestock 

raisers themselves, are currently frequent in the Delta. 

Thus, the establishment of an integrated management plan for 

the region becomes necessary. A management plan based on 

agro-pastoral units defined and delimited according to soils, 

vegetation, and social characteristics should be suitable for 

the Delta, since the creation of similar units greatly con

tributed to the equilibrium between different land use 

activities during the Dina period (see Historical Considera

tions). Then, specific plans may be developed for each 

agro-pastoral unit. 

For this dissertation, I have considered an average 

situation in the Delta which would be used as a model leydi 

applicable to any agro-pastoral unit with adapted modifica

tions. This hypothetical agro-pastoral unit in the Delta is 

used for a planning unit to set a standard herd model. The 

planning unit is composed mainly by depressions with Echino

chloa stagnina, the "bourgoutieres". Plains with Vetiveria 

nigritiana are also important. Rice fields occupy 15% of the 

total area. Soil/vegetation units of the planning area are 

in Table 4. The detailed description of each unit has been 

presented under Inventory Data. 
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Table 4. Soil/vegetation Units and Grazing Capacity of 
Planning Area 

Soil/Vegetation units Surface Grazing Total 
% 

J 
ha Capacity TLU 

TLU/ha 
: 

Typic Tropaqualfs/ 60 5,400 3 16,200 
Echinochloa stagnina, 
Oriza longistaminata: 
TIl 

Typic Tropaqualfs/ 15 1,350 0.5 675 
Rice Paddy: TI2 , 

Typic Tropaqualfs/ 25 2,250 1 2,250 
Vetiveria nigritana, 
panicum anabaptistum: 
TI3 

TOTAL 100 9,000 19,125 

Table 5. Herd Model of Cattle in the Delta 

Age Classes Type of % Number TLU 
Animals 

.. 

Over 3 Female 36 90 87.30 
years Male 16 40 40.00 

Bulls 1 2 2.32 

2 to 3 Female 7 18 12.06 
Years Male 6 15 11.10 

1 to 2 Female 8 20 10.20 
I Years Male 7 17 9.52 

o to 1 Female 10 25 6.25 
Year Male 9 23 5.75 

TOTAL 100 250 184.50 
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The total surface of the model planning unit is assu

med to be 9,000 ha and the total grazing capacity is 19 r 125 

TLU (Table 4). A portion of this grazing capacity is compo

sed of sheep. Only cattle will be considered in the present 

analysis. However, sheep should be included in any integrat

ed management plan. The actual number of cattle per model 

plann.ing unit at the beginning of the planning period is 

assumed to be 14,000 head distributed within 56 herds, each 

of 250 head. 

The herd model is in Table 5 and represents a total 

of 184.5 TLU. 

For the planning unit described above, I will analyze 

the economic, social, and environmental aspects of the cur

rent management of the Delta and two management alternatives. 

Current Management 

Description 

Livestock husbandry in the Delta is transhumance, 

which is a semi-nomadic system. Every year, young herdsmen 

herd animals from the flooded Delta at the beginning of the 

rainy season in July to the higher lands of the Merna and the 

Mauritanian Hodh karki. At the end of the rainy season in 

October, the cattle are herded back to the Delta. Families 

remain in permanent villages. Pastures in the Delta are 

called the "dry season pastures" and those of the highlands 

are called "the rainy season pastures." The rotation between 
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these two areas constitutes the primary migration. When ani

mals arrive in the Delta, they are moved progressively from 

the higher parts of the Delta, to its lower parts in relation 

to the subsidence of waters. This second movement in the 

Delta constitutes the secondary migration and may cover as 

much as 150 km; the primary migration may be 350 km. 

Transhumance has been described by several authors 

(Gallais 1967, Daget and Ba 1955). Traore (1978) and Diallo 

(1978) studied the transhumance system by joining and living 

with the transhumant group of the Diafarabe village who are 

cattle raisers. For fourteen months they studied the quan

tity and quality of available forage, species selected by 

animals, and the behavior, nutrition, and productivity of 

animals. Most of the description below will be based on 

their study. 

Pastures and Their Use. The transhumant livestock 

raisers of the Delta face a large variability in the quantity 

and quality of forage both temporally and spatially. This 

variability is illustrated by data in Figure 12. From one 

year to another the total forage may be reduced by half. 

Rainy season pastures ·offer the highest quality of forage 

(20% protein content). The quantity is, however, much lower 

than that of the dry season pastures at the entry of the 

Delta in November-December. 
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Herds of Diafarabe 

(Source: Brernan et ale 1978) 
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During the dry season the quality of forage decreases 

sharply and may be as low as 3% protein content. The tall 

grasses of the Delta become coarse and dry and the accessi

bility of the few green basal leaves becomes difficult. 

Therefore, from January and throughout the whole dry season, 

the different pastures are burned. The total quantity of 

forage decreases sharply, but, the regrowth after fire 

results in accessible biomass of higher quality. Almost all 

the grazing load is carried on these burned areas and on the 

few permanent bourgoutieres. 

Another type of pasture, the harrima, constitutes 

reserved pastures for milk cows. 

Management Practice. Livestock operation in the 

Delta is oriented toward the produ=tion of calves and milk. 

The livestock owner usually hires one or more herdsmen who 

are assisted by his young sons; but, the overall management 

is decided by himself and his sons • 

. Livestock management practice in the Delta has been 

profoundly influenced by the Dina (see Historical Considera

tions). The herd is still divided into three subherds: the 

gartji, the benti, and the dounti. A fourth component, the 

tjipi, has been created with the development of rice farming, 

and is used to provide cereals for the family. Milk and/or 

transportation are exchanged for farmer's rice. 
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The composition of these subherds is not constant; there is a 

conti nua.1 movement of animal s between th ern. 

The major goal of the herdsmen is to be the first to 

use pastures which offer the best combination of forage, 

water, and environmental conditions such as insects and humi

dity. Therefore, the availability of forage and water 

dictates the migrations of animals during which camp beds are 

always chosen near water points. Grazing is characterized by 

two periods, one from 11 a.m. to sundown during which animals 

may be herded up to 6 km from the camp, and another after 

midnight to sunrise during which animals graze in the neigh

borhood of the camp, while the herdsmen are sleeping. 

Animals drink twice a day from lakes, ponds, or rivers, but 

drinking frequency increases during hot and dry periods and 

they drink as often as needed during these periods. 

Calves are herded separately by seven- to ten-year

old boys. The calves are not allowed to join their mothers 

until the end of milking, which takes place immediately after 

animals return from grazing at sundown. At least 60% of the 

total milk production is left for the calves, depending on 

their condition. Cows with sick calves are not milked and 

those which have lost their calves are milked by using anoth

er calf covered by the skin of the dead calf. Calves are 

weaned on the average at 11 months by using a traditional 

device fitted with thorns which allows the calf to graze but 
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impedes its ability to suck. The weaning weight averages 84 

kg for steers and 82 kg for heifers. 

The current livestock management practice in the 

Delta is also under the influence of traditional beliefs. 

The third, thirteenth, and twenty third of the lunar month 

for example, are believed to be bad days for animal moving, 

and consequently they are systematically rejected as depar

ture dates from a given place even if all other conditions 

are favorable. 

Breeding. Calving. and Branding. Bulls are run with 

cows yearlong at about 1% of the total head. The "dounti" do 

not have bulls. Each herd owner has his criteria in choosing 

bulls. Some common criteria are an attractive color of the 

skin, long horns, and a high milk production of the mother. 

Even though the reproduction is uncontrolled, herdsmen avoid 

breeding young heifers by chasing bulls away from them. 

Mature cows are bred to calve as 3.5 to 4 year olds. The 

average calf crop is 62%. Except for the bulls, all of the 

other mature males are castrated. 

There is not a specific period of calving. Calving 

is distributed throughout the year as follows: 24% in Janu

ary-March, 34% from April to June, 23% from July to September 

and 19% from October to December. The corresponding concep

tion periods are, respectively, April to June, July to 

September, October to December, and January to March. The 
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favorable season, from July to September, has the highest 

conception ratea Branding is done during the dry season on 

3- to 6-month old calves by using hot iron rods. 

~lementation and veterinary Care. The bulk of the 

herd does not receive any supplementation_ However, the milk 

cows remaining in the village dur ing the flood, "the Dounti" f 

receive salt and supplemental feed. 

The department in charge of rural development is res

ponsible for providing free veterinary care in Mali and 

livestock vaccinations are required by the law. In order to 

improve the supply of veterinary products, livestock raisers 

have been organized in co-operatives. 

Most diseases and injuries are treated by traditional 

medications. The Peuhl are not willing to vaccinate adult 

animals because they believe in negative side effects of vac

cines, especially the reduction of milk production. They 

agree to vaccinate calves and appreciate the benefits from 

it. Animals are treated against ticks which become very 

active during the dry season. Burning is also done to kill 

the ti cks. 

Losses and Productivity. Of the calves born, only an 

average of 80% are weaned. Two-year-old heifers and steers, 

and mature animals have lower mortality rates which are, res

pectively, 6% and 4%. The major diseases are: lung 

diseases, especially pleuropneumonia, bovine plague, 
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dermatophylosis, and different forms of diarrhea. Depred-

ation is not a serious problem. Only a very few calves are 

killed by hyenas during the primary migration. 

The overall productivity is about 45 kg per animal 

per year, and the growth during the rainy season is 80% of 

the total annual growth. 

Economic Evaluation 

All the economic analyses will be done in the cur

rency used in Mali, FCFA, with $1.00 = 450 FCFA. The general 

assumptions are: 

Since the costs and returns are assumed to increase 

proportionally at the same time, inflation will be 

ignored. 

The economic analysis will be done for ten years, even 

through the alternatives may continue beyond this 

period. 

The reference prices are those of 1983 and they are 

approximated from several sources. 

For discounting, a rate of 10% will be applied. It is 

assumed that this rate is the interest rate at which a 

livestock raiser can borrow an investment capital. 

Two permanent herdsmen will be hired. An additional 

two others will be hired during the primary migrations 

only. Their salaries include their regular monthly 

salaries, but also gifts during social events, and the 
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equivalent value of milk production of a cow during its 

lactation for their families. But it does not include 

the amount of milk they drink. 

A cost of 300 FCFA/head for taxes, veterinary services 

and other related care. 

A fixed cost of 50,000 FCFA/year for damage to crops by 

the herd. 

Annual sales are composed of 10 animals: 5 males and 5 

females. The condition of these animals is poor, e.g., 

damage to skin by ticks. 

Each milk cow will produce 235 kg of milk per year with 

a value of 50 FCFA per kg. 

The owner will use oxen for transportation of farmer's 

rice ("Tjipi") every year. 

1985 is considered as year 1. 

The different subherds are evaluated together as parts 

of a single herd, which reflects the reality. 

The interval between calving is 18 months and the 

annual calf crop is 42%. 

The mortality rate is 4% for stock over 3-years-old, 5% 

for 1 to 3 years, and 18% for 0 to 1 year. 

Based on the assumptions above, an inventory state

ment for the current management is as shown in Table 6. 

Annual cash costs are in Table 7, and an average annual 

income statement is given in Table 8. 



Table 6. Inventory Statement for Current Management for 
Model Herd in the Delta at Beginning of 
Planning Period 

LivestocJ~ Type of Number Value/Head Total Value TLU 
Age Classes Animals FCFA FCFA 

Over 3 Female 90 40,000 3,600,000 87.30 
years Male 40 65,000 2,500,000 40.00 

Bulls 2 75,000 150,000 2.32 

2 to 3 years Female 18 25,000 450,000 12.06 
Male 15 20,000 300,000 11.10 

1 to 2 years Female 20 15,000 300,000 10.20 
Male 17 10,000 170,000 9.52 

o to 1 year Female 25 8,000 200,000 6.25 
Male 23 6,000 138,000 5.75 

TOTAL 250 7,808,000 184.50 

Transportation 

Item Cost Salvage Useful life Value 
FCFA value in years FCFA 

FCFA 

2 oxen 150,000 60,000 10 150,000 

Total value of in~Jentory : 7,808,000+150,000 = 7,958,000 FCFA 
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Table 7. Annual Cash costs for Current Management of Model 
Herd in the Delta at the Beginning of the Planning 
Period, December 1984 

Item Amount FCFA 

Herdsmen Salaries 130,000 

Animal purchase: young heifers + steers 70,000 

Fines payed due to damages caused by the 50,000 
herd to crops 

Livestock taxes, veterinary serv ices and 75,000 
other related care* 

~Hscellaneous incl'uding the maintenance 15,000 
of the oxen 

Total 340,000 

* Variable Costs 

Table 8. Income Statement of the Model Operation in the 
Delta at the Beginning of Planning Period, 
December, 1984 

Item Amount FCFA 
----

Annual cash returns from cattle sales 425,000 

Annual returns from milk* 564,000 

Annual cash returns from transport of rice 20,000 

Annual cash costs -340,000 

Depreciation on oxen -9,000 

Net Range Income 660,000 

Value of operator and family labor 50,000 
and management 

Net Proceeds to Capital 610,000 

The percent return on capital is 7.67% 

* Variable returns 

I 

I 

I 

I 
I 

I 
I 
I 

I 
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In Table 8 the annual cash returns have been calcul-

ated by adding returns from sales of animals, milk, and from 

the transportation of farmer's harvested rice. 

Net range income is the annual .cash returns, minus 
!I 

cash costs and depreciation. It is the available money to 

pay a return to the capital, family labor, and management. 

Family labor represents the,value of the input given by the 

herd owner and his family to the management. 

The annual revenues and expenditures over 10 years 

under the current cattle operation are in Table 9. In this 

table, the increase in annual cash returns is essentially due 

to the returns from milk, which is directly related to the 

number of milk cows in the herd. The high annual cash costs 

in 1985, 1990, and 1993 are due to the purchase of bulls 

which will be explained below. The present net worth and the 

benefit-cost ratio of the operation were calculated (Table 

9). rresent Net Worth (PNW) is the difference between the 

present vaJue of net returns and that of costs. A PNW great-

er than zero means that the operation makes a profit. 

Benefit-Cost Ratio (B/C) is the ratio of present net value of 

returns divided by present net value of costs. A BIC greater 

than 1.00 indicates that the operation is economically feasi

ble. The present value of returns and costs is obtained by 

discounting, which is the procedure used to express values 

occurring in different periods in present dollar terms. 



Table 9. Annual Revenues and Expenditures under the CUrrent 
Cattle Operation in the Delta and Discounted 
Values for B/C and PNW 

Year 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Discount 
Factor 

0.91 

0.83 

0.75 

0.68 

0.62 

0.56 

0.51 

0.47 

0.42 

0.39 

TOTAL 

Annual Discounted 
Cash Returns 

Returns 

868,000 

915,000 

962,000 

1,009,000 

1,032,500 

1,067,750 

1,103,000 

1,150,000 

1,197,000 

1,244,000 
997,500* 

789,880 

759,450 

721,500 

686,120 

640,150 

597,940 

562,530 

540,500 

502,740 

485,160 
389,025* 

6,285,970 
6,189,835* 

Annual 
Cash 
Costs 

418,300 

348,400 

354,100 

360,400 

367,300 

449,800 

382,900 

391,600 

474,100 

411,700 
338,500* 

Discounted 
Costs 

380,653 

289,112 

265,575 

245,072 

227,726 

251,888 

195,279 

184,052 

199,122 

160,563 
132,015* 

2,399,102 
2,370,554* 
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PNW =(6,285,970+7,236,840)-(2,399,102+7,958,000)= 3,165,708 

PNW*=(6,189,835+3,632,070)-(2,370,554+7,958,OOO)= -506,649 

B/C = 1.31 

B/C* = 0.95 

* Value assuming 1993 is a dry year. 
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In the present analysis, an estimated value of live-

stock inventory in December 1984 (Table 6) and December 1994 

(Tabl e 10) , along with the annual revenues and expenditures 

during the ten year per iod, were used to calculate the PNW 

and B/C of the current cattle operation in the Delta. Two 

situations were conside red. The first one assumed no dry 

years during the period of analysis. "But, this situation is 

not realistic. Boudet et al (1980) estimated that there is a 

risk of reduction of forage production by 31% every five 

years and by 50% every ten years due to drought. Traore 

(1978) also found that from one year to its following year, 

forage producti-.:m may be reduced by half. Therefore, in the 

second situation, 1993 was assumed to be a dry year with 50% 

of animal mortality (Table 10) • 

In the first case, without drought, both the PNW and 

the B/C show that operation is economically profitable (Table 

9). In the second case with drought, the PNW and B/c show 

that the operation is not economically profitable. 

The progressive increase of the number of animals 

during the ten years of the analysis as shown in Table 11 is 

based on mortality and sales as previously discussed. These 

data show that the grazing capacity of the agro-pastoral 

unit, which is estimated as 19,125 TLU, will be exceeded in 

1993 with 20,552 TLU. This means that a severe drought in 

1993 would result in a high livestock mortality. If we 

assume 50% mortality, the stocking in July 1994 will be 



Table 10. Inventory statement for Current Management for 
Model Herd in the Delta at End of Planning 
Period in December, 1994 

Livestock Type of Number of Value/Herd Total Val ue 
Age Animals Animals FCFA FCFA 

Classes 

female 180 40,000 7,200,000 
over 3 90* 3,600,000* 
years male 133 65,000 8,450,000 

67* 4,355,000* 
bulls 5 75,000 375,000 

2* 150,000* 

female 26 25,000 650,000 
2 to 3 13* 325,000* 
years male 25 20,000 500,000 

13* 260,000* 

female 26 15,000 390,000 
1 to 2 13* 195,000* 
years male 26 10,000 260,000 

13* 130,000* 

female 34 8,000 272,000 
o to 1 13* 136,000* 
year male 34 6,000 204,000 

13* 102,000* 

TOTAL 489 18,496,000 
245* 9,253,000* 

* value assuming 1993 is a dry year. 

TRANSPORTATION 

Item Cost Salvage Value Useful Life Value 
FCFA Years 

2 oxen 150,000 60,000 10 60,000 

Total Val ue of Inventory: 18,496,000 +60,000 = 18,556,000 
9,253,000*+60,000*= 9,313,000* 

* Val ue assuming 1993 is a dry year with 50% livestock 
mortality 
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Table 11. Increase of Animals Over the Ten Year 
Planning Period 

Year Number of Animals TLU TLU in the Leydi 

1985 261 202 11,312 

1986 278 219 12,264 

1987 297 237 13,272 

1988 318 252 14,112 

1989 341 271 15,176 

1990 366 292 16,352 

1991 393 315 17,640 

1992 422 338 18,928 

1993 447 367 20,552 

1994 489 394 22,064 
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11,032 TLU, almost the stocking rate in 1985. The capital 

built up during ten years will be completely destroyed. 

Economically the current operation is very unstable with 

highs and deep lows. 

Impacts on the Basic Resources and Alternative Uses 

The main influence of the current cattle operation in 

the Delta is the uncontrolled increase of the number of ani

mals. Herdsmen avoid any concentration of cattle and they 

move animals to any pasture which offers better grazing con

ditions. Therefore, distribution is good. Since the grazing 

capacity of the 1eydi would be exceeded in 1993, it would be 

overgrazed in 1993, and 1994 with 22,064 TLU in 1994. 

As suggested by Breman (1975) and confirmed by Traore 

(1978), the Delta is the limiting area for the transhumance. 

In effect, animals are forced to leave the "rainy season pas

tures" because of the lack of water and not because of 

forage. Except for a few areas around important water 

points, there is no overgrazing of these pastures. On these 

pastures, animals are moved almost every day and herdsmen 

avoid their concentration. Therefore, the risk of aggrav

ation of desertification by the current management is very 

low. 

The overgrazing of the Delta may increase erosion 

which contributes to the filling of the "bourgoutieres" and 

favors the invasion of undesirable species such as Mimosa 
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pigra. Both of these effects contribute to the overall 

reduction of the potential of the Delta. 

The social aspect of the current management of the 

Delta has been discussed in the Introduction. It is charac

terized by a permanent conflict situation among livestock 

raisers and between livestock raisers and farmers. 

Except for the uncontrolled increase of the number of 

animals and its ecological and social implications, trans

humance is a very efficient system. As shown by Traore 

(1978) and Diallo (1978), animals are always where the pas-. 

tures offer the best combination of the quantity and quality 

of forage and water. Based on Diallo's data, Breman and de 

Wit (1983) estimated a protein production of 3.2 kg/year/ha 

for the transhumance against an average of 0.4 kg/year/ha for 

semiarid regions in the United States and Australia. 

Alternative Management Number One 

As pointed out above, a major problem of the current 

livestock management in the Delta is the uncontrolled 

increase in the number of animals. Therefore, the first 

alternative was designed to solve this problem. Only changes 

in the management practice which are possible on a short term 

basis are considered. The assumptions are: 

Changes in herd composition. All 2- to 3-year-old 

steers will be sold assuming they will be in demand for 

fattening and sale in the southern part of the country. 
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Increase the proportion of milk left for calves. Only 

an average of 78 kg of milk by milk cow will be taken, 

with a value of 50 FCFA per kg. 

Improvement and increase in veterinary services which 

will increase the cost related to these services. 

The improvement in veterinary services and calf nutri

tion will reduce the mortality rate of 0- to l-year-old 

calves to 7%. The mortality of 1- to 2-year-old ani

mals will be 2%, and animals above two years will not 

have any mortality rate. 

Bull/cow ratio will be 1/20 assuming no serious fight

ing problems among the bulls. These bulls will be 

purchased as needed in relation to the increased number 

of cows. 

The stocking rate at the beginning of the planning 

period will be 75% of the average grazing capacity and 

will be allowed to increase to capacity after which 

culling cows will maintain this stocking rate. 

All of the other assumptions stated and the description 

in current management will remain the same. 

The grazing rotation in Table 12 will be adopted. 

This rotation schedule is based on preliminary results of 

experiments conducted by Hiernaux and Diarra {1983} and on 

the study conducted by Traore {1978} and Diallo {1978}. The 

leydi will be divided into three areas of relatively equal 
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Table 12. Grazing Rotation Schedule for the Planning Unit 

Month November 

Week 1 234 

Year Area 

1 

2 

3 

A G R R G 

C R G R R 

D R R G R 

A R G R R 

C R R G R 

D G R R G 

A R R G R 

C G R R G 

D R G R R 
- --

G = Grazing 
R = No Grazing 
®= Burning 

December 

1 2 3 4 

R R G R 

G R R G 

R G R R 

G R R G 

R G R R 

R R G R 

R G R R 

R R G R 

G R R G 
-- -- -- -

January February March 

1 2 3 4 1 2 3 4 123 4 

R G R R G R R G R R G R 

R R G R R G R R -G R R G 

G@RG R R G R R G R R 

R R G R R G .R R G R R G 

G@RG R R G R R G R R 

R G R R G R R G R R G R 

G@R G R R G R R G R R 

R G R R G R R G R R G R 

R R G R R G R R G R R G 
-- ---------- -

From July to October, animals will be in transhumance 

April May 

123 4 1 2 3 4 

R G R R G R R G 

R R G R R G R R 

G R R G R R G R 

R R G R RGRR 

G R R G R R G R 

R G R R G R R G 

G R R G RRGR 

R G R R G R R G 

R R G R R G R R 

June 

1 2 3 4 

R R G R 

G R R G 

R G R R 

G R R G 

R G R R I 
R R G R 

R G R R 

R R G R 

G R R G 

co 
CJ'\ 
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surface area. These areas will be as similar as possible in 

the relative importance of soil/vegetation units. The only 

soil/vegetation unit to be burned is TI3 which is Typic Tro

paqualfs/Vetiveria nigritiana, Panicum anabaptistum. Each 

unit TI3 will be burned only once during the three year graz

ing cycle. After animals return from the primary migration, 

they start grazing the area which has been burned during the 

previous dry season. Forage accessibility will be good and 

it will not have an accumulation of dead vegetal material. 

TIl will be grazed early to favor the regrowth of Echinochloa 

stagnina and Vossia cuspidata. 

The 15 day rotation is realistic because it is the 

general pattern herdsmen are used to. The herdsmen likely 

will respect the proposed grazing rotation. 

Grazing Capacity and Increase of Livestock Numbers 

The early grazing of the bourgoutieres and the sug

gested rotation should slightly increase the production. 

But, I estimated the grazing capacity to remain at 19,125 for 

the leydi. 

As stated in the assumptions, the herd composition 

will change under Alternative one and the leydi is assumed to 

be stocked at 75% of the carrying capacity at the beginning 

of the planning period. The livestock inventory is in Table 

13 and the increase in number of animals for the herd model 

and the corresponding total number of animals in the leydi 



Table 13. Livestock Inventory Under Alternative One for 
Beginning and End of 10-Year Planning Period 

Year December 1984 Deceml::.er 1994 

Age Class Type of Number Value Number Value 
Year Animals FCFA FCFA 

Over 3 female 108 4,320,000 175 7,000,000 

2 to 3 female 67 1,675,000 33 825,000 

1 to 2 female 23 345,000 34 510,000 
male 21 210,000 34 340,000 

0 to 1 femal e 19 152,00,0 37 296,000 
male 19 114,000 37 222,000 

over 3 bulls 5 375,000 9 675,000 

TOTAL 262 7,191,000 359 9,868,000 

Table 14. Increase in the Number of Animals Under the 
First Alternative 

Year Number of Animals TLU TLU in the Leydi I 
1985 262 188 10,808 

1986 287 225 12,600 

1987 316 232 12,992 

1

1988 346 249 13,944 

1989 359 257 14,392 

1990 

1991 

1992 

1993 

1994 

88 
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are in Table 14. The desired stocking rate will be reached 

in 1989 and maintained. 

Economic Evaluation 

Under Alternative one, the herd owner is assumed to 

sell fifty five adult males and sixteen 2- to 3-year-old 

steers and purchase forty eight 2- to 3-year-old heifers in 

1985. The annual income statement under this alternative 

after the herd is stabilized is in Table 15, the annual 

revenues and expenditures over the 10 year planning period 

are in Table 16, and the sales, purchases, and milk taken by 

the owner are in Table 17. 

In Table 16 the PNW and B/C which have been calcul

ated as explained in the economic evaluation of the current 

management, show that Alternative one makes a profit even in 

dry years and it is a more beneficial operation than current 

management. 

In Table 15 the data show that most of the income is 

from animal sales, which is different from the current man

agement where returns from milk are the highest source of 

income for the operation (Table 8). 

Impacts on the Basic Resources and Alternative Uses 

As explained above, soil/vegetation unit TI3 will be 

burned under Alternative one. However, since burning will 

take place only once during the three year grazing cycle, its 

negative effect will be minimized, while its positive effect 



Table 15. Annual Income statement for the Model Cattle 
Operation in the Delta after the Herd is 
Stabilized Under Alternative One 

Item Amount FCFA 

Annual cash returns from cattle sales 1,980,000 

Annual returns from milk 288,600 

Annual cash returns from transport of rice 20,000 

Annual cash costs -424,500 

Depreciation on oxen -9,000 

Net Range Income 1,855,100 

Val ue of operator and family labor 50,000 
and management 

Net Proceeds to Capital 1,805,100 

The percent return on capital is 18% 

Remarks: Costs incl ude an extra permanent herdsman and an 
increase of veterinary services of 200 FCFA/head. 

90 



Table 16. Annual Revenues and Expenditures under 
Alternative One and Discounted Values for 
B/C and PNW. 

Year Discount Income Discounted Cost Discounted 
Factor Income Cost 

1985 0.91 4,063,200 3,697,512 1,801,000 1,638,910 

1986 0.83 . 595,500 494,265 688,500 571,455 

1987 0.75 1,528,600 1,146,000 403,000 302,250 

1988 0.68 1,368,600 330,648 418,000 284,240 

1989 0.62 1,768,602 1,096,532 424,500 263,190 

1990 0.56 2,288,600 1,281,616 237,720 

1991 0.51 1,167,186 216,495 

1992 0.47 1,075,642 199,515 

1993 0.42 961,212 178,290 

1994 0.39 892,554 165,555 

TOTAL 12,743,167 4,057,620 

PNW = 4,599,467 

B/C = 1.38 

91 
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Table 17. Sales, Purchases and Milk Taken from Cows 
Under Alternative One 

Sale Purchase Amount 
of Milk 

Year 2-to-3 Adult Cull Bulls 2-to-3 Taken 
Year Old Males Cows Year Old 
Steers Heifers Kg 

1985 16 55 - 3 48 2,964 

1986 20 - - 4 - 3,510 

1987 17 - 22 - - 5,772 

1988 19 - 17 - -
1989 33 - 20 - -
1990 33 - 33 - -
1991 - - -
1992 - - -
1993 - - -

1994 - - -

92 
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will provide an accessible area with highly nutritious 

regrowth each year. The alternative will not try to suppress 

burning completely. It will rather respect and improve the 

current annual burning. Therefore it has a good chance to be 

adopted by the herdsmen. 

If we assume 1993 as a dry year, the leydi will be 

heavily grazed but the basic resources will be preserved and 

it will not result in a high animal mortality. The livestock 

capital will also be preserved. 

The alternative will have a social impact as a reduc

tion of fresh milk supply to non livestock raisers. However, 

the wives of herd owners may be organized into co-operatives 

and run dairy cows which will be treated separately from the 

rest of the herd. Selected animals from the experimental 

station of Niono may be used for this purpose. Another 

possibility is that these women would be trained to make safe 

liquid milk from imported powdered milk. Based on the posi

tive experience of "Mali-Lait" in Bamako, the use of powdered 

milk should be a successful operation. The amount of milk 

taken from cows wil be consumed by the owner's family. 

The alternative will solve two main problems of the 

current management: the uncontrolled increase of the number 

of animals, and the conflict among livestock raisers. It 

will not however, solve the conflict between farmers and 

livestock raisers. 
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Since the current system will be maintained for the 

use of the "rainy season pastures", Alternative one will not 

increase the risk of desertification in spite of the increase 

of the number of animals in relation to current management. 

Alternative Two 

In addition to the uncontrolled increase of livestock 

numbers, the uncontrolled increase of rice fields, drought 

(see Introduction), and the low quality of forage constitute 

problems for livestock raising in the Delta. Traore (1978) 

showed that the quantity of forage is large in the Delta, but 

the average quality of this forage is low. Alternative two 

was designed to solve the problems mentioned above. It is a 

combination of Alternative one and a project· aimed at 

increasing forage production of good quality. Based on the 

land capability classes of the soil/vegetation units of the 

Del ta, units' TIl and TI3 have a high potenti al of for age pro

duction by irrigation (Table 2). Therefore, under 

Alternative two, forage will be produced by irrigation and 

fertil ization. Five percent of uni t TIl will be improved to 

increase its production of Echinochloa stagnina and Vossia 

cuspidata and 5% of unit TI3 will be irrigated to grow adap

ted forage such as Cenchrus ciliaris. The improved unit TI3 

will be a reserved area for milk cows: the "harrima". It is 

expected that forage production of the irrigated and fertil

ized pastures will be 30,000 kg/ha/year of dry matter with a 
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nitrogen content of 1.5%. Application rate of fertilizers 

will be 50 kg/ha of P205 during the first irrigation and 25 

kg/ha/month of N. The surface area of rice fields will 

remain the same as currently. 

The cattle operation will consist of two herds: the 

bulk of the herd, the Gartji, will continue the transhumance 

and the milk cows, the benti, will use the improved TI3 and 

will not practice the transhumance. The Gartji will graze in 

the rotation system scheduled under the first alternative. 

Grazing Capacity 

The estimated grazing capacity of the leydi under the 

second alternative is given in Table 18. 

capacity is 31,185 TLU. The total increase 

The total grazing 

of the grazing 

capacity due to the alternative in relation to current man

agement will be 12,060 TLU. 

Economic Evaluation 

Under the second alternative, I will evaluate the 

Gartji and the Benti separately. There will be no tiipi. 

Gartji. The assumptions for the evaluation of the 

Gartji are: 

No milk will be taken from cows. 

The initial stocking will be at 72% of the grazing 

capacity. 
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Table 18. Grazing Capacity Under Alternative Two 

Soil/Vegetation Percentage Total Grazing Total 
Unit % Surface Capacity Capacity 

Area Ha TLU/Ha TLU 

TIl normal 55 4,950 4.0 19,800 

TIl improved 5 450 9.0 4,050 

TI2 normal 15 1,350 0.7 945 

TI3 normal 20 1,800 1.3 2,340 

TI3 improved 5 450 9.0 4,050 

Total 100 9,000 31,185 
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The interval between calving will be 12 months 

instead of 18. 

The herd composition will change progressively. In 

year 

old. 

two, the young steers will be sold at one year 

From year three, the heifers will be bred to 

calve as 3-year-old and any 3-year-old cow will equal 

1 TLU. 

The grazing capacity for the herd model, in relation 

to the whole leydi, will be 351 TLU. 

All the improvements will be done by the Government, 

but the cattle operation will pay 1,000,000 FCFA/year 

from year five back to the Government for contribu

tion to the improvements. 

The mortality of yearlings will be 7% and it will be 

2% for 2-year-old heifers. 

All the other assumptions under the first alternative 

will remain. 

Livestock inventory of the Gartji under the second 

alternative in the beginning and year 10 are in Table 19, the 

sales and purchases are in Table 20. 

Benti. The assumptions for the evaluation of the 

operations concerning the Benti are: 

From year 1987, cows will be taken from the Gartji to 

constitute the Benti. 



Table 19. 

Year 

-

Age 
Class 

in Years 

Over 3 

2 to 3 

1 t·o 2 

01;0 1 

Over 3 

I Total 

Livestock Inventory of the II Gart ji" Under Alternative Two 

1985 1994 
-----. _ .. - - --- --- --.- .. . ------ ---.- ---

Type Number Equi- Total Value! Total Age Type Number Equi- Total Val~! 
of valent TLU head value class of valent TLU Head 

Animals TLU FCFA FCFA In Years Animals TLU FCFA 

-- ----- -- ---. 

female 108 0.97 104.76 40,000 4,320,000 over or 
f-- equal female 208 1.0 208 40,000 

female 95 0.67 63.65 25,000 2,375,000 3 
. ---- -.. ---

female 23 0.51 11.73 15,000 345,000 
2 female 72 0.67 48.24 27,000 

male 21 . 0.56 11. 76 10,000 210,000 
--

female 28 0.25 7.0 8,000 224,000 0-1 female 78 0.51 39.78 22,500 
male 28 0.25 7.0 6,000 168,000 male 78 0.56\43.68 20,000 

bulls 5 1.16 5.8 75,000 375,000 Over 3 bulls 10 1.11; 11.6 75,000 

308 212 8,017,000 446 351 

-

I 
Totall 
FCFA 

8,320,000 

1,944,000 

1,755,000 
1,560,000 

750,000 

14,329,000 

\.0 
00 



Table 20. Sales and Purchases for the "Gartji" Under 
Alternative Two. 

99 

Sales Purchases 

Year 2-to-3 l-year- Adult Cull Bulls 2-to-3 
Year Old old Males Cows 

I 
Year Old 

Steers steers Heifers 

I I 
I 

I 
1985 16 - 55 i - 3 76 

I 
1986 20 26 - - 5 -
1987 - 37 - 22 -

I 

-
1988 - 71 - 21 - -

72 70 1989 - - - -
1990 - - 71 - -

1991 - - - -
1992 - - - -
1993 - - - -
1994 - - - -
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Calf-crop will be 80% and the calving will be yearly. 

Bull/cow ratio will be 1/20. 

A herdsman will be hired to take care of the Benti. 

An average of 586 kg of milk will be taken from each 

cow yearly. 

The stocking of the harrima will be at 88% of its 

capacity. 

The heifers will be bred to calve as 3-year-olds. 

The improvement will be financed by the Government, 

but 500,000 FCFA/year will be paid back by the oper

ation to the Government for contribution to the 

improvements. 

The mortality of 0- to l-year-old calves will be 7%, 

that of 2-year-old heifers will be 2%. 

The herd composition, the sales, and the purchases 

concerning the Benti are in Table 21. 

The overall annual income statement, and the revenues 

and expenditures under the second alternative are in Tables 

22 and 23. 

The entire annual cash returns from the Gartji are 

from animal sales, while the Benti will generate returns from 

animal sales and milk (Table 22). 

The PNW and B/C show that the second alternative is 

economically viable (Table 23). The high B/C for the Benti 

is due to the fact that animals constituting it are taken 

from the Gartji. Therefore, there is no initial costs for 



Table 21. Herd Composition, Sales, and Purchases for 
the "Benti" Under Alternative Two 

Year 1987 1988 1989 1990 1991 1992 1993 

Age Type of 
Class Animal 

Over or female 20 36 36 36 36 
equal 3 

2 female - - 7 14 14 

O-to-l female - 8 15 15 15 

male - 8 14 14 14 

Over 3 bull 1 2 2 2 2 

l-year- - - 7 13 13 
Sales old steers 

cull cows - - - 6 13 

Purchases bulls 1 1 - - - - -

~Hlk 
Taken 
in Kg 9,37~ 16'194 
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Table 22. Annual Income Statement of the Model Cattle 
Operation in the Delta after the Herd is 
Stabilized Under Alternative Two 

Item Amount FCFA 

-
"Gartji" 4,280,000 

Annual cash returns from cattle sales 
"Benti" 780,000 

Annual returns from milk: "Benti" 849,700 

"Gartji" 1,458,000 
Annual costs 

"Benti" 596,000 

Net Range Income 3,855,700 

Value of operator and family labor 50,000 
and management 

Net Proceeds to Capital 3,805,700 

The percent return on capital is 22.5% 

Remark: The costs do not include any fine for damage 
crops 

-

102 

to 



Table 23. 

---

Year 

1985 

; 1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Annual Revenues and Expenditures Under Alternative Two and 
Discounted Values for lO-Year Planning Period 

Gart ji Benti 

Discount Income Discounte~ Cost Discounted Income Discounted Cost Discounted 
Factor FCFA Income FCFA Cost FCFA Income FCFA Cost 

FCFA FCFA FCFA FCFA 

0.91 3,757,500 3,419,325 12,514,000 2,287,740 - - - -
0.83 920,000 763,600 781,000 648,230 - - - -
0.75 1,620,000 1,215,000 439,000 329,250 - - 140,500 105,375 

0.68 2,260,000 1,536,800 457,500 311,100 468,800 318,784 157,500 107,100 

0.62 4,240,000 2,628,800 458,000 283,960 989,700 613,614 92,500 57,350 

0.56 4,280,000 2,396,800 1,458,000 816,480 1,349,700 755,832 596,000 333,760 

0.51 2,182,800 743,580 1,629,700 831,147 303,960 

0.47 2, OIl, 600 685,260 765,959 280,120 

0.42 1,797,600 612,360 684,474 250,320 

0.39 1,669,200 568,620 635,583 232,440 

TOTAL 9,621,525 7,286,580 4,605,393 1,670,425 

PNW = 9,965,255 PNW = 3,943,313 
B/c = 1.65 B/c = 3.36 

Whole cattle operation: PNW = 10,973,600 B/c = 1.55 
- - - -

I-' 
o 
w 
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these animals, while a value was given to the livestock 

inventory in year 10, as previously e~~lained. 

The economic viability of this second alternative is 

possible only with the initial intervention of the Govern

ment. without this intervention, irrigation and 

fertilization would be too costly for the operation. An 

estimated cost of 12 to 15 FCFA per kg of forage produced 

under similar conditions found by Breman (1982) supports this 

fact. A question may be raised: will the Government be 

willing to invest such an amount of money for livestock, when 

it could invest it to increase rice production? The answer 

to this question is political, and an integrated management 

plan for the Delta should help the Government to make such a 

decision. However, the alternative should not be in serious 

conflict with rice production. The irrigation project might 

be designed both for farming and livestock raising. with 

irrigation, farmers, who will be secured against drought, 

will not need to cUltivate the deep bourgoutieres and only 

the reserved pastures, the harrima, will be irrigated in the 

plains. Livestock, which will have enough forage, will graze 

the fields only after the rice has been harvested. This 

second alternative is in fact a means of establishing an 

equilibrium between livestock raising and rice farming with 

both secured against climatic fluctuations. 

The annual payment of 1,500,000 FCFA by each oper

ation beginning in 1990 represents 84,000,000 FCFA for the 
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whole leydi, to help the Government recover invested initial 

money. This annual payment might be increased with the 

availability of more detailed economic data. The impact of 

the alternative on the basic resources, which will be dis

cussed below, will also be a benefit for the Government. 

Impacts on the Basic Resources and Alternative Uses 

The progressive increase of livestock numbers under 

the second alternative is in Table 24. If we assume that 

1993 is a very dry year, the basic resources will be preser

ved and the improved pastures will be independent from 

climatic fluctuations. 

There will be no increase of the surface area of 

fields, and the movement of livestock will be controlled for 

the strict application of the grazing rotation. Animals will 

graze rice fields only after the rice has been harvested. 

Therefore, conflicts between farmers and livestock raisers 

will be eliminated; there will be no fine for damage to 

crops, and there will be minimum conflict among livestock 

raisers. 

The risk of desertification by overgrazing of the 

rainy season pastures will increase. Under current manage

ment, the Delta is the limiting area. With an increase of 

the grazing capacity of the Delta, the situation will be 

reversed and the "rainy season" pastures will be the limiting 

area. Knowing the exact number of animals which can safely 
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Table 24. Increase in the Number of Animals Under 
Alternative Two 

Gartji Benti 

106 

Year Number TLU Number TLU Total TLU Total TLU in 
the Leydi 

1985 308 212 - - 212 11,872 

1986 342 257 - - 257 14,3~2 

1987 408 326 21 21 347 19,432 

1988 445 351 55 48 399 22,344 

1989 446 351 75 60 411 23,016 

1990 82 64 415 23,240 

1991 

1992 

1993 

1994 
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graze these pastures, and a subsequent increase of the number 

of animals in the Delta would solve the problem. 

A rating scale for the economic, social, and environ

mental components of the alternatives is shown in Table 25 

and an evaluation of current management, the first alterna

tive, and the second alternative, using the above rating is 

given in Table 26. 

The rating scores shown in Table 26 illustrate that 

the second alternative has the highest benefits and that cur

rent management has the least benefits. The choice of any 

alternative is a function of the goals and objectives of the 

decision-maker and people involved in the changes. 



Table 25. Characteristics and Indices for the Different 
Components of f\lanagement Al ternati ves in 

Component 

Economic 

Social 

Environ
mental 

the Del ta 

Characteristics 

Low unstable returns 

High unstable returns 

High stable returns 

Permanent conflicts among 
livestock raisers and between 
livestock raisers and farmers 

Occasional conflicts 

Minimum conflicts 

Wide range overgrazing 

Localized overgrazing 

Minimum overgrazing 

Rating Index 

o 

I 

2 

o 

I 

2 

o 

I 

2 
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Table 26. Evaluation ~f the Different Management 
Alternatives in the Delta 

~ Component 

Alternative Economic Social Environmental 
B/C Rating Rainy Delta 

Season 
Pastures 

without 
drought 
1.35 

Current 1 0 1 0 
management with 

drought 
0.95 

Alternative 1.65 2 1 1 1 
One 

Alternative 1.55 2 2 1 2 
Two 
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Total 
Rating 
Index 

2 

5 

7 



RECOMMENDATIONS 

In the preceding chapter, the economic, social, and 

environmental components of the cur rent management. of the 

Delta and two other management alternatives have been analyz

ed. Both the first and second alternatives show more 

benefits than the current management. This chapter will be 

devoted to a discussion and recommendations concerning imple

mentation of the two alternatives. The organizational 

structures to be created, the management changes and schedul

ing, and the complementary measures are covered. 

Organizational Structures 

Under the present conditions, the Government of Mali 

is the only entity capable of initiating, organizing, and 

implementing any management plan for the Delta. However, as 

mentioned in the Introduction, four technical agencies acting 

for the Government operate independently, and sometimes in 

competition when dealing with the people of the Delta. These 

agencies are: "Operation pour Ie Developpement de l'Elevage 

dans la Region de Mopti" for livestock, "Operation Riz" for 

rice, "Operation Mil" for millet, and "Opeiation Peche" for 

fish. For any successful management of the Delta it is 

essential that the Government adopt a coherent policy toward 

the population. Therefore, I recommend the creation of a 

110 
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single governmental institution which will replace the cur

rent "Conference of Bourgoutiere n and will be based in Mopti. 

The new organization will need a headquarters group of the 

technical agencies at one place with a director and a deputy 

director with integrated management of natural resources as 

their objective. The personnel of the agencies may remain 

the same, but they will need to coordinate their pOlicies in 

order to conduct coherent actions toward the population. The 

director and his deputy will ensure this coordination. To 

avoid administrative complications, I recommend that the 

institution have financial autonomy and that it be the only 

decision maker concerning the management of the Delta, even 

though it will be supervised by the Department of Rural 

Dev~lopment. The current funding of the agencies which is 

partly from the national budget and partly from bilateral 

and/or multilateral aids may remain the same including future 

self-financing. 

The first action of the institution should be the 

creation of agro-pastoral units based on soils, iand capabil

ity and suitability, vegetation, and socio-political 

characteristics. 

After the creation of these agro-pastoral units, the 

institution would begin an intensive campaign of information 

of the population about the two management alternatives by 

holding meetings through all the agro-pastoral units. The 

motivation and the objectives of the plan would be well 
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explained and the suggestions and critics of the population 

would be carefully analysed and taken into account. In col

laboration with the local administrative and political 

authorities, the institution would organize elections of land 

use councils in all the units and it should ensure that they 

are properly done and that the council members are really the 

choice of the population. The council might have several 

land use subcommittees, replacing the current co-operatives 

e.g., the subcommittee for livestock raising, the purpose of 

which would be to solve problems related to a specific type 

of land use: livestock raising, farming, fishing. The coun

cil would be the decision-maker for the population, and it 

would meet as often as needed either by the governmental 

institution or by the population. The administration, poli

ticians, and the institution would help the council in 

establishing its functioning rules. 

Management Changes and Scheduling 

After the creation of the basic organizational struc

tures and an awareness of the population for the management 

plan, the governmental institution would choose two agro

pastoral units for the implementation of the first alterna

tive. This choice should be based on the degree of 

willingness of the population to cooperate and implement the 

plan. 
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The institution would work with the local councils of 

the chosen units to develop an intensive but flexible train

ing program in the unit to explain the basic concept of the 

plan, the economic stabil·ity, the ~rpetuation of the basic 

resource, and the equilibrium among all land use activities. 

After the institution is ensured that the concept is under

stood and accepted, it would define the three grazing areas 

and proceed with the change of herd composition. 

challenge would be to convince livestock raisers 

The major 

to sell 

their steers and to limit the number of animals to the graz

ing capacity. This problem would be solved if the training 

program has been successful. The change in herd composition 

should be progressive in the leydi from one herd to another, 

and since it will be mostly replacing adult males by cows and 

selling steers, it should be accepted by the population. 

The institution, which would always closely work with 

the land use council, would clearly define land use regula

tions including the limits of the unit with the surrounding 

units, animal routes and stopover places for animals belong

ing to the unit and those just passing through it, the 

allocation of land use permits, the collection of land use 

fees, the compliance with the management plan and provisions 

for ~nalties. The council should first try to settle all 

litigations before they are brought to the administration. 

The land use ~rmits and fees should be designed as means of 

limiting the number of animals and the extension of fields 
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and penalties should be equally applied to all land users. 

All animals of the unit would commonly graze the area but 

individual owners would have their own herder. 

After ten years of execution of the first alterna

tive, a final evaluation should be made. Based on the 

experience gained from the implementation of the first alter

native, the governmental institution would implement the 

second alternative in the two units. The main obstacle would 

probably be technical: the design and implementation of the 

irrigated and fertilized pastures. Therefore, the institu

tion should take all the precautions to make the project a 

successful one at the lowest cost. Since the population 

would have experience with the first alternative, and the 

second alternative would include most elements of the first 

one, the adoption and implementation of Alternative two by 

the population should not be difficult. At the end of the 

ten year period of its execution, it should be evaluated and 

extended to the other agro-pastoral units with adequate chan

ges dictated by the experience gained from the two test 

units. 

Complementary Measures 

The correct implementation of the alternatives, 

including the different structures to be created and the 

changes to be done to the current management, would be 

impossible without some complementary measures covering a 
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wide range of items such as mapping, animal marketing, 

research, education, and monitoring. 

Mapping 

Since the agro-pastoral units (leydi) and an integr

ated land use constitute the basic concept of the present 

plan, a large scale survey (1/25,000 or larger) of the Delta 

is necessary. Soil/vegetation units already defined by the 

Mali Land Use Project (see Inventory Data), and the agro

pastoral units proposed by the ILCA project (CIPEA 1983) 

should result in detailed land capability and suitability 

classes by leydi. The data should be used to elaborate an 

integrated management plan for all the economic activities in 

the Delta, a plan which should fit into an integrated general 

management plan for the whole country. 

Large scale mapping of the rainy season pastures will 

also be necessary in order to determine the maximum number of 

animals they can carry. This number, in return, is necessary 

for the design of the second alternative which should avoid 

overgrazing of these pastures and the subsequent increase of 

dese rtif ication. 

Animal Marketing 

Adequate animal marketing structures and conditions 

should be created in the Delta. Actions already taken by 

"ODEM" toward this aspect should be reinforced. These acti

vities should be coordinated with existing and new fattening 
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programs, "embouche paysanne", in the southern part of the 

country. The creation ofa livestock food industry based on 

local agricultural products would help those programs. 

However, one major obstacle" would be finding markets for fin

ished animals. Since the capacity of the domestic market to 

absorb all these animals would be limited, finding export 

markets, e.g., Ivory Coast, at low animal transportation cost 

should be a priority. 

Research and Education 

The implementation of the plan should be based on 

coherent research programs including the effect of fire on 

the Delta ecosystem, irrigation, fertilization, range 

improvement, drinking water development for animals, animal 

and forage production, and socio-economy. 

A research station should be created, and the govern

mental institution would be in charge of supervising research 

themes to avoid any duplication with that of other research 

centers operating in the country. 

Effect of Fire. Research on the use of fire as a 

management tool should be Lltensified. The effect of fire 

both on individual species and on the whole ecosystem of the 

Delta in a short-term and long-term basis should be studied. 

Irrigation. Fertilization and Improvement. Combina

tions of irrigation and fertilization in the Delta should be 
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investigated, and the possible use of solar and/or wind 

energy explored in order to obtain high productivity and 

palatable forage species of good quality. These species 

might be grassEs or legumes~ 

Studies aimed at developing mathematical relations 

between forage production and the degree of inundation with 

respect to topography should be done. Such relation, in com

bination with the mathematical model of the flood of the 

Niger River, would allow resource planners and managers to 

predict forage production in advance and to adopt adequate 

management practice. 

Research on adapted range improvement techniques, 

especially land restoration, should be conducted and the 

results would be used to improve soil/vegetation unit TH6, 

which is already severely damaged by erosion • 

. water Development. Development of surface water sup

plies should be studied for pastures out of the Delta. 

Aspects such as good water quality, overgrazing around water 

points, and availability of water in relation to grazing 

capacity should be taken into account. 

Animal Production and Socio-Economy. Research should 

continue on animal nutrition, and the selection of animals 

with high meat and milk production. Detailed socio-economic 

studies should be conducted in order to improve the economic 

analysis of the management plan. 
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The research station should be supported partly by 

the national budget. Since the income of the Government is 

limited, a percentage of grazing fees might be allocated to 

research funding. This percentage would be decided by the 

land use council of the leydi. 

Education. The research station should have an 

extension service which would be in charge of explaining the 

management plan in detail to the population of the leydi, the 

diffusion and application of research results, and the 

involvement of the population in all phases of the plan. In 

order to facilitate communication, linguistic research should 

be done to introduce technical terms and concepts such as 

grazing capacity, range condition and trend, and utilization 

into the Peuhl language. 

Monitoring. Monitoring is an important part of any 

operation that deals with natural resources, so that any 

arising unexpected problem may be found and corrected. All 

the monitoring aspects of the present plan should be handled 

by the research station which would be in charge of develop

ing and conducting appropriate monitoring techniques. As 

mentioned by Shaner, Philipp, and Schmehl (1982), observatio

nal methodologies seem appropriate for such activities. 

The economic component might be evaluated by always 

balancing the returns and the costs of the alternatives. 

This evaluation might include animal production: health, 
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calf crop, weaning weight, mortality, milk production, animal 

weight ~nd growth. 

The social component might be monitored by keeping 

records of land use litigations settled by the land use coun

cil and by the administration. In addition, regular public 

opinion polls should be done using adequate questionnaires. 

These two techniques would give a good idea on the degree of 

reduction of conflicts in the leydi. 

Monitoring of the environmental component should be 

done by range condition, condition trend, and utilization 

studies, and by establishing a complete network of ecosystems 

surveillance. Range condition should be considered in terms 

of the ability of lands to maintain their productivity and 

its evaluation should be based on a good soil rating system. 

The trend would be determined by setting for each 

soil/vegetation unit the management goal for productivity. 

Then, protected permanent areas would be chosen for each unit 

and they would be regularly monitored by frequency and pro-

duction measurements. Regular frequency and production 

measurements on unprotected areas, and comparison with pro

tected ones would give the trend and the general evolution of 

the land in relation to the current situation. 

Utilization studies should be conducted along with 

condition, and trend. Instead of the current concept of 

amount of forage removed, the approach should be to determine 

the physiological needs of individual species and the amount 
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of forage needed to protect the soil. Condition, trend, and 

utilization data should be used to adjust the number and dis

tribution of animals in the leydi. They should be collected 

by the extension service of the research station invol ving 

the population who should be able to do it by i'tself in the 

future. This aspect should be included in the educational 

program of the extension service. Special attention should 

be given to the interpretation and causes of the trend and 

keeping climatic records would be necessary for this purpose. 

In addition to field trend studies, the interpret

ation of satellite images, e.g. Spot, of the Delta, taken 

yearly during the flood and at the end of the dry season, 

would give substantial information on the general evolution 

of the Delta including fields, burned areas and forage pro

duction. The Joliba project (Berg 1984) showed the potential 

usefulness of such interpretation. 

No management plan is perfect and I do not pretend 

that this one is. This plan should be debated by different 

agencies and by the population, and changed through time. 

Despite its imperfection, it constitutes a good basis for 

range management in the Delta in particular and for an 

integrated management of the Delta in general. 
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