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Abstract: In this study, we presented the simulation plagngtheme to project land and land
resources use changes at a local scale for Diai@dlj. Problem statement: All the land cover
types were under the influence of human and livdspopulation. Diamou has undergone changes in
land-cover over the last decades. The shiftingivatlbn system practiced was probably the main
reason for this state of affairs. Moreover, thenéss and extensive character of pastoral actiigels
contributed to the general degradation of natwesburces. The principal objective of our study teas
contribute to the sustainable use of land resouflmea 1999-2010Approach: Using formula the
resources supply and demand had been estimatedd basestatistics data, derived from a
comprehensive review of the literature. The resesittalance (difference between supply and demand)
had been estimated for two years 1999 and 2010ddwmurces demand were measured by an average
consumption needs persbrday® multiplied by the population. For the livestock pptation the
biomass demand and supply had been measured baseld 0 dietary requirements and the
pastureland carrying capacity. The diagram of resssibalances were drawn using word Microsoft
word command and the simulation land use areasnsthgsing ArcGIS.Results: From present
approach, it was found, that, in year 1999 the Wumbd and cereal balances were negative. The drink
water and biomass balances were positive. The domiand use categoriegerethe pastureland and
the cropland, occupying about 52 and 45% of tatah aespectively of the total area 8876 ha. Except
the biomass balance in year 2010, all the resouraksce were negative. The drink water and fuel
wood deficits were equal to 439 and 2801 m? reggalgt The dominant land use class, a cropland
covered approximately 45% of total ar€anclusion: Studies had indicated the cereal, fuel wood and
drink water resources deficit in years 1999 and0201
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INTRODUCTION Moreover, the dryness and extensive character of
pastoral activities, have contributed to the genera
Most land cover modification and conversion isdegradation of natural resources. As a result, the
nowadays driven by human use rather than naturdand/man and arable land/ man ratio in Diamou
change. Some locale studies have shown, that tiece decreased to 3 and 1.4 ha; respectively. Many itapor
early 1970s, the Sahel countries have been sufferinplant species of which Vitellaria paradoxa (Si),
from chronic food shortages caused by economigscris Prosopis africana (Guélé), Elaeis Guineensis (N'té)
poverty, desertification and climate changes. AfterOxytenanthera  abyssinca  (Bonego), Borarsus
Stephenne and Lambif*® the Sudano-sahelian aethiopum (Sibo), Cordyla pinnata (Dougouto) are
region has undergone changes in land-cover over thextremely rare and considered threatened. According
last decaddé8. However, it is still debated to know to the climate typ& ' most of inventoried soils units
whether these changes are related to short-temati are poorly drained, shallow with high gravel comten
fluctuations or longer-term anthropogenic imp&gtg. Massive structure, low fertility.
The shifting cultivation system practiced in Diamou Some of the traditional wells dug by the end of
was probably the main reason for this state ofirgffa rainy season or during the dry season were falling
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rapidly dry and children and women had to walk far ) ALl
away to fetch water. [westom :
The stock of its natural resources includes land, P s L X‘--\\ ALGERIA
minerals, water, flora and fauna and is the backbmfn ' . de"'n\
the economy and the livelihoods of its inhabitants. ' I 1
Negative land use-cover change processes, unddrstoc MAURITANIA '. -
as the change from any primary dominated land cover | _x.:a.-"T
into any man-made dominated one, have largely | Temboustos 1
resulted as desertification, deforestation, habitat SENEOAL y / el
fragmentation, biodiversity loss and eventuallyoint “-:ﬁél.ﬁ;, dvoss T
global warming” and reduction of environmental .o L Koikoo, \ e
service¥Y. In Diamou the diet is composed by cereals ] AAMNDgr” Stoou T B, S ¢
for up to 83 of the total consumption. Local-scale oumer FE ST~ ;
studies and regional surveys estimated that 90%hef — Fedpeitndtn S\ I P
energy needs of households are covered by wood. Thi woseg, . Soomeovom: § T L) mickRia
pastoralism is extensive, the biomass output far th l
livestock feeding depends on the rainfall and rtedoe Fi e

evaluate as many others resources. Diamou remains a ——‘L
important economic and pastoralism center. Most
studies have been focused on the land planning anc
land degradation, without resources estimation. The
principal objective of our study was to contribute
reach the sustainable use of land resources from
1999-2010. The rest of the study is organized bawo
section two, presents the material and methodgiddec
three presents our simulation results. Section four
presents our discussions and finally Section five,
conclusion.

MATERIALSAND METHODS

The equipment needed to carry out the study is _ . o _
composed: Fig. 1: Diamou location, indicated by red box is

extended as a study area

Computer and ArcGIS software: Topographic map
(West Africa) at a scale 1/200000, Kayes ND-29-XIIl  The yearly average mean rainfall is about 650 mth an

The study area Diamou located in the southan annual average temperature is about 27°C with a
western part of Mali covers approximately 8876 maximum of 45 degrees Celsius. The maximum of
hectares in the Kayes Region and lies betweendietit rainfall obtained is 750mm and the minimum is 550mm
north 14°0’-14°10’and longitudes west 11°10’-11°30" (Fig. 1). The relief of Diamou is mostly flat wisome
Its boundaries are Balandougou in the north, Hanteya hill slopesin its South and South-west parts. There are
the south, Hamanda in the west and the river Séimega four land cover units/land cover types: the hibsd,
the east. The climate is characterized by itsThe table land, the plain and the terrace Rt The
sudano-sahelian type with a long dry seasorHydrologyis represented by the Senegal River to the
(September-may), divided in cool period from East.
November to February and warm period from Marchto  The practical approachwas composed by
June. The main rainy seas@xtends from June to Bibliographic research or literature review and &k
September or mid October. As a tropical climatés  estimation of water and land resources, resourices ¢
characterized by a dry season controlled by warch andesign and developing a land-use plan
tropical air masses (Harmattan) at times of highasd To prepare our study methods it was necessary to
by a rainy season controlled by the continentgit@  find out a set of literature review. There were agsi
air masses (Mouson) at times of low sun. The ckmat others existing reports on land natural resources
data are obtained from country Meteorolocal Servic inventory and planning, some studies on land use
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changes in Sudano-sahelian countries and general The population growth rate various from 2.8-
international literature. 39%2%. For our case r is equal to 3, Po equal to 2849
The balance (difference between supply andoy substitution the formula (1) becomes simple,
demand) for land and water resources was estimatg@n = 2849*(1+3%) Thus the population in year 2010 is
based on statistics data, using some equatiorspproximately equal to 3789 inhabitants.
described: Agricultural output is measured by the cultivated
Local-scale studies in the Sudano-saheliararea multiplied by the average crop yield (Tabénd 2).
countries estimate an average of 250-375 kg ofemill The drink water resources balance was calculate as
and sorghum production to feed an average persaofollow: The domestic consumption per year by person
during 1 yedf** In these countries, the diet is is of 4 m3in Mali, 106 m3 in France and 213imUSA
composed by cereals for up to 83-9t%%! of the total  (source: “Water for people, water for i€ 4 ms3
consumption. In  Mali the basic consumption person’year is our calculation basis. In Diamou in
requirements varies from one region to another. 1M 999th, there were 4 drillings or hand pump of vahic
Koulikoro Region it is 233 kg of grains inhabitant onlyl was functional, 48 traditional wells dug. A
year?, 221 kg in Sikasso, 226 kg in MOpHl. The basic  knew the total available water depended on outgoing
consumption of the Diamou population is estimated awater per hour and water collection time in hourisi
an average value of 226 kg of grains per inhabithnt estimated as:
The food consumption needs is measured by the
population multiplied by the average consumptionWat=(Dh*Wh*Tu) + (Dwel.*Wwel.*Tu)
requirements of a person during one year. Thugear Where:
1999, it was 2849 * 226 = 643.874 tonnes and i Y&y, ot '
2010 it will be 3789 * 226 = 856.314 tonnes. The
. oY . . Dh/Dwel
projected population is estimated according to the

()

An available drink water
The number of hand pump or traditional

general growth rate equation from the workl afs: Wh _ V,X\elrllznd pump  outgoing water or flow
P = Po * rate R*
n=Po * (1+r) (1)
In Africa Hand pumps are the most common and,

Where: o in most cases, the only economically feasible water
P, = The population in year n lifting device for community needs. Yield depends o
Po = The initial population the depth and design, normally in thange of
R =The birth rate 600-1,500 L R' during constant use. Thus, the
N = The number of years maximum number ofisers for any one pump should,

_ e ideally, be not more than 150 persons. However in
Table 1: Crop yield (kgha) — : many countries and especially in Africa, the actual

grrgg Yield kg”ha Aﬂ;ﬂ'tt“ra' number of users per handpump is B80In our case
Cultivation in ha Min Average Max (In tonne) Dh =1, Wh = 800l ﬁl. Dwel. = Wwel. = 70 L i data
Sorghum 427 367 571 775 244 from by substitution the formula (2) will be as:
Maize 383 244 452 660 173
Millet 301 248 399 550 120 Wat = (1*800*12*365)+(48*70*12*365) =
Rice 79 570 835 1100 66 3504000+14716800 = 18220800 L
Groundnut 55 350 825 1300 45 Wat = 18220800 L or 18220.8 m?
Total 1190 603

Note: Table data were used to estimate the cereal Eahc

Table 2: projected crop yield ( Rdna?)

In 2010, the water availability is estimated oe th
basis of four (4) hand pumps and 48 traditionallsvel
dug. It is calculated as: Wat = (Dh*Wh*Tu), Dh is a

o Yield kg'ha™ Z&‘r’i‘iﬂﬁﬂ‘r’;or number of hand pump, Wh is a hand pump outgoing
Cultivation in ha Min. Aver. Max. outpgtntonne) Water or flow rate H, Tu is the use time, in our case
Sorghum 648 330 571 850 370 Dh = 4, Wh = 800l A, Tu = 12 h (12 h an average
Maize 383 244 452 660 173 time in many villages of Mali). Thus Wat = 800I*4*
gi'g:t 597‘; 2577% %%% ffooo 23676 12*365 = 14016000 L or14016 m3 as drink water, but
Groundnut 65 350 850 1350 55 the community will have water from traditional #8*
Total 1640 846 701*12*365 = 14716.8 m3. The water consumption

Note: Table data were used to estimate the cereal l&alanc
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Qj = g (I/j)* No /1000 3) Biomc = TLUn*biomc (5)
Wh(_ere: _ . . where, Tlun is the livestock number, biomc is a
q () = The water consumption persdyear biomass consumption need TCUin ton), in our case
No = Aninitial population of Diamou in 1999 year  the TLUn is equal to 553 and biomc is equal to

4.6 tonnes; thus Biomc = 2543.8 tonnes, what can be
?rounded to 2544 tonnes.

Eleven years after (in 2010 year) the formula (5)
will be as follow as in 1999 year Biomc = TLUnN*
biomc, TLUn will be equal to 233(transhumants will
not be accepted in year 2010), 233 is the resident

. One o_f the main charqctensuc;s of the p‘?‘StOm‘ la livestock population, biomc is equal to 4.6 tonrtesis
is its carrying capacity, defined as “the stockmgnber by substitution:

supported without range degradation, with livestock
being well and taking weigHf*. Depending on

ecoclimatic zones, pastoral exploitation systems,
estimates of average carrying capacity vary from

1 . . 1 .
10 hg,ZZ]LU In <Ijr|er years 1o 3.5 kf1a TL'U_|n normal__ are statistically furnished by the great Interraio
years . A(Sll[’fé] measurements U(?Mfarrylng capacities|gtitutions. General opinion, these statistics aot
are 2 haTL and 1.25 ha TLU™™ very precious, as the reminder. The better methods
_ . evaluate the pasture surface are the use of sadelli
CC = [Sp.Bb.K}/Biome ) images high resolution. In arid and semi arid zahes

In our case q (I/j) = 4000 or 4 ¥ No = 2849, by
substitution Qj can be expressed as Qj = 4*2849
1000 = 11396 m3 or 11396000 L. Eleven years after i
2010 the total water consumption needs: Qj in Diamo
will be Qj =4 m3 *3789 =15156 m?3 or 15156000 L.

Biomc = 233*4.6 = 1071.8 tonnes or 1072 tonnes

For many countries for example, the available data

Where: estimation of the surfaces of pasture land is diatfl a
Sp = The pasture land area relative imprecision of about 20%°. The corrected
Bp = The biomass production pasture land area (Spc) is estimated as follow:
K = The rate of this production it is possible to

use without "any damage" to the pastureSPC = Sp-(20%*sp) (6)

land or coefficient

K, Biomc = TLU biomass consumption needs year ~ SP Was an existing pasture land. In our case spusl

to 4590 ha, the formula 6 gave 3672 ha in year 1999
The average dietary requirements of a TLU areand 3060 ha in year 2010.
6.25 kg of DM day*™®. The international standard Many authors think that biomass productivity in
needs of one TLU is 2.5% of its weight, thus TLU Sudano-sahelian grasslands only depends on
biomass consumption needs = 250 kg*2.5/100 =Fainfall®” , this is described by the following statistical

6.25 kg day". relationship between dry matter biomass and rdinfal
The production from shrubs and trees and crops
residues also take part in the biomass consumpution Bp = 015 + Q00375Ra )

the livestock®®. According to the elaborated schema,
the livestock can consume crops residues aﬁe\r/\/here'
harvesting. As saying up the pastoralism is extensi .
Diamou. The total DM biomass required to satisfg th
average biomass consumption of livestock is estithat
as given b§®:

Bp = The biomass productivity in tones ha
Ra = The annual average of rainfall in mm

In our case Ra = 650 mm, thus Bp is calculated as:

6.25 kgr365¢3+2/3 = 4.6 tonnes yearmLU ™ Bp = 0.15+0.00375* 650 = 2 tones 587 h#hat can be

around to 2 tones and 600 kg. It probably will he t

The factor 3 accounts for the consumable fractiorsame in 2010 year. The total biomass productivity i
of above-ground biomass and the factor 2/3 for thel999 year is estimated by total land area multiphy
contribution of grasses to the consumption. In thethe biomass productivity fia 3672*2.600 = 9547 tonnes,
intensification phase the later factor becomes(ilé3,  py the same way the total biomass productivity is
2/3 of the consumption is based on crop residues). projected to 2010 year, but the area (3825 ha #fter
year 1999 the total biomass consumption is estinase  giatistic) is reduced of 20%, thus by substitutiBp: =
follow: 3060 ha*2.600 = 7956 tonnes.
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The coefficient (K) corresponds to a rate offormula (8) became simply: Py = 318*0.911 =
maximum exploitation of the aerial biomass, rate289.69 m3 hd year’. The corrected fuelwood
beyond of which the pastureland degradation becomesonsumption needs is calculated as follow:
visibld*”. The estimations relating to this coefficient Fuelwc = (fuelwa/Yn)*0.911 where fuewa is an
are variable according to the types of pasturelamdi  fuelwood extraction area, Yn, the number of prajdct
the livestock. In Sahelian region for example we us year and 0.9110.911 is the woody biomass prodtgtivi
generally the standard of 33%, but it can oscillateper hectare By substitution the parameters fuelywc b
between 25 and 40%. The value of 33% used in ousubstation fuel (318/11)*0.911 = 26.32 m3 yéar

case. Thus, the formula (4) is calculated as fallow 28.90 ha. In year 2010 the fuelwood consumptionisee
_ (fuelwc) is measured by the population multiplieg b
CC = [Sp.Bp.K]/Biomc the consumption personyear™:

In 1999 year, the pasture land area (Sp) was égual pop*0.75
3672 ha, Bp was equal to 2.6 tones, K was equali3®, '
Biomc = 2543.8 tones by substitution CC = (3672*2.6 . ) . .
0.33)/2544 = 1.238 ha TLW In 2010 year, Sp will be Where. pop is the population of Diamou in 2010 year
equal to 3825 ha, Bp will be equal to 2.6 tonesyilkbe ~ 0-75 M® is the  consumption  need perSorear,
equal to 0.33, Biomc = 1072 tones, by substiutio PY Sampling *replacement fuelwc ~ will be as:
CC= (3060*2.6*0.33)/1072 =2449 ha TCU Fuelwc = 3789*0.75 m3 = 3788.2_5 _m3 o_r 3451.09 ha

The population of Diamou use fuel wood harvested®Y’ schrub_l savanna _ productivity s equal to
from natural vegetation areas as its main energycso 0'9:_”' ul ha_ . The _woodland product_|V|ty of the
wood consumption and productivity in fuel wood aretemtor{ of Diamou will b_e as follow as in yeargsg_
estimated by forest Inventor. Local-scale studied a Py = A*0.911 where, Py is the wo_o’dland productivity
regional surveys in the Sudano-sahelian regioniand A IS the fuélwood extraction area, it's equal t@3ha
Diamou (MALI) estimate that 90% of the energy needg” ©OUr case _"i‘nd 0.911 is the woody biomass
of households are covered by wood. An average on@roductivity ha". by simple replacement Py will be
person uses a minimum of 1 kg of fuel wood 48y Py =1083*0.911 = 986.613 m3ﬂa ,
Some studies establish that the consumption nesys v The resources balances diagram are drawn using
from 0.5-1 m® inhal year'®® 0.75 m3 fuel wood Microsoft word command chart and the land use $ketc
include the part as charcoal is an average value p& scheme using arcGIS. The land partition was done
inhabitant per year in Diamou in 1999 year is chose according to the importance of each land use agtivi
for our estimation. The fuel wood consumption ndeds

1999 year is estimated as follow: Fuelwc = pop*50.7 RESULTS
where Fuelwc is the fuel wood consumption needs
year®, pop is the population of Diamou in 1999 year, Figure 2 shows the cereal and biomass balances in

0.75 m? is the consumption perSbyear™, by simple  1999. The first was negative because cereal
replacement fuelwc = 2849*0.75 m3 = 2136.75 m3. Theconsumption needs where higher (644 tonnes) than
productivity of the shrub savannah in Sho (Koul®or agricultural land output (603 tonnes). Table 1 @nd

is estimated at an average value of 0.911 MR8 he  represent the agricultural land output in years9186d
same value is used in Diamou because of the presen2010 respectively. The second was positive bectngse

of the same land cover type (shrub savannah). Ouivestock consumption needs was lower than biomass
natural vegetation land productivity is calculatad productivity. Figure 3 shows the drink water anelfu

follow: wood balances in year 1999. The drink water
availability and its consumption needs were around
Py = A*0.911 (8) equal to 18221 m3 and 11396 m3 respectively. The
balance was positive. The fuel wood consumption
Where: needs and its productivity were roughly equal t821
Py = The woodland productivity m3 and 290 mg3, respectively. Except the biomass
A = The fuel wood extraction area balance in year 2010, all the resources balance wer

negative (Fig. 4 and 5). The distribution of thedause
For our case, where A was equal to 318 ha andctivities in year 1999, is shown in (Fig. 6). Thare
0.911 is the woody biomass productivity per hecthee cropland, pastureland and fuel wood extraction.lan
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Fig. 7: Land use scheme of Diamou in year 2010

Drink water Fuel wood

Eproductivity - [liNeeds which covered approximately 45% of total area
(8876 ha), whereas the pasture land (3825 ha) and a
Fig. 5: Drink water and fuel wood balances in yearfuel wood extraction land( 1083 ha) occupying 48 an

2010 12% of total area, respectively.
The drink water and fuel wood deficits were DISCUSSION
particularly high and were equal to 439 m3 and 2801
respectively. The dominant land use categosieethe From the results the negative cereal balancetim bo

pasture and cropland, occupying about 52 and 45% gfears 1999 and 2010 (Fig. 2 and 4), may due to many
the total area (8876 ha). Figure 7 shows the las®l u factors among which the extensive agriculture, the
types distribution of the whole study area, whdre t poorest of the soils an P and N. After P, N is rinest
dominant land use class was the cropland (3958 halimiting nutrient for grain crops in the Sal&f?.
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Others researchers reported: Soils in the Sahel atend (Fig. 6 and 7) was extended to satisfy the

inherently fragile, low in carbon and poor in pknt
nutrient€*?”.  Knowledge of soil N dynamics is
essential for effective crop management and feetili
recommendations, Nitrogen  mineralization
nitrification are usually very slow in the field diog the

dry season, but dramatically increase once thesrain

commencB®?”! Following rewetting of dried soil, N is
often rapidly mineralized during the first 1-2 weednd
approaches steady-state conditions therégftéf"
The wetting and drying of soil is the essentialszaof
the N flush. As outcome the crop yield were very lo

(Table 1 and 2). Those yield were found to be

and

consumption needs of the community and to protect
some rare plants species from livestock overgrazing

CONCLUSION

The first conclusion that can be drawn from this
study is that the land resources are finite and tha
whatever the population pressure is, the tendescy i
towards an over-exploitation of the resource base,
which justifies our fears. Studies have indicatbd t
cereal, fuel wood and drink water deficit in yea899
and 2010.

inconsistent with the ranges reported elsewh&teBut
we know from the literature the fertility of soiis not
only determined by their nutrient stock, but alsp b
their structure as well as by their flora and fauna

The positive biomass balance, can be explained by
the actual carrying capacity of the study aare
(2.44 ha TLU". That was consistent with the ranges’
given by*?l The positive drink water balance, could
be attributed to well-dug water consumption evethat
can be source of illness because of some well-dug
contamination in year 1999. Its negative balance in
2010 was not a revelation in the Sahelian courtry.

Two conditions must be met if sustainable use of

resources is to be useful:

The need for changes in use of fuel wood and drink
water

There must be ability to manage the development
of agriculture
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the well and appreciated the potable water of thap
which were not enough to satisfy their consumption
needs. The negative fuel wood balance (Fig. 3 aridr5

both year 1999 and 2010 could be attributed thigh 1.

consumption needs as only source of energy. Detbite
extension of its land area, the balance was remaine
negative. An average one person uses a minimunkgf 1
of fuelwood day". That was found high in the Sahel
country but it was lower than the mean annual
consumption in southern Africa, whEtethe mean

annual consumption was estimated at 4343 kg'Juserz

household, or 692 kg capitaannum®, ranging from
264-1699 kg. As consequence, the forest was
overexploited and its productivity diminished wite
time. Some authors already noted that, at the ¢xcep
of critical situations, one generally observes a
sustainable use of natural vegetation resourcehdn
Sudano-Sahelian regidh'®. This case can be similar
to the situation in Mrijo Chini (Tanzani), whereqpe
have to walk 5-10 km to collect wobd.

In the current version of the Scheme (Fig. 6 and 7 4.

the size of each land use class is equivalent go it
importance for the community. But the pasturelareha
was wide to prevent conflict between pastoralisit an
farmers. The size of the cropland was equivaleritsto
importance as the first economic activity. The
pastorlism was the second. The fuel wood extraction
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