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    10.5                Conclusions

The construction of the Sélingué reservoir and 
the associated hydropower plant results in a stable 
production of electricity, amounting to 12.93 Gwh 
monthly (annual mean); more details can be found 
in Chapter 2 and Appendix 2. Sélingué provides a 
substantial part of the present national demand.

 The conclusions from this Chapter can be sum-
marised as follows:
•  The creation of the storage lake, covering 34 km2, 

led to the disappearance of grazing grounds for 
cattle and the inundation of fruit orchards, one 
of the main economic activities in the region. 
However, the lake nowadays provides other means 
of subsistence. This apparently attracted people 
from elsewhere, like fishermen from the Inner 
Niger Delta who are now fishing in the lake. 
Indeed, the rural population has increased in the 
surroundings of Lac Sélingué due to immigration.

•  The present total annual fish production amounts 
to 4000 tonnes, of which the larger part is sold 
as fresh fish in Bamako. The production is about 
the same as the calculated reduction in the fish 
production in the Inner Niger Delta due to the 
lower flood levels caused by Lac Sélingué. About 
100 families and 8900 people are involved in the 
fishing activities. The construction of the dam also 
made it possible to construct an irrigation scheme 
downstream. Actually with 1350 ha the irrigated 
perimeter is rather small. The production of rice is 
6000-7500 tonnes annually (<1 % of the national 
production) based on double-crop cultivation. 

•  Whereas before the construction of the dam 
wetland habitat was confined to the riverbed, 
now both the lake and the irrigated rice polder 
make up two important wetland habitats. Both 

have a distinct ecological function. The lake area 
is of international importance due to Osprey and 
White-faced Whistling Duck. Though small in 
surface area, the irrigated rice area is internation-
ally important for the African Wattled Lapwing 
(3 times 1% criterion) and the vulnerable Great 
Snipe. Total numbers are close to another Ramsar-

criterion match: regularly holding 20,000 birds.
•  The significance to other fauna is not well known. 

The occurrence of Hippopotamus in the lake was 
confirmed during the fieldwork, but no other 
large mammals or reptiles were observed. The 
status of West African Manatee remains unclear.
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  11.1 Introduction

‘Rice is life’ is the slogan used by the FAO for the International Year of Rice 2004 

(www.fao.org/rice2004). This motto applies literally for the population in Mali 

as, besides millet and sorghum, rice is their staple food. The vital importance of 

rice, however, was not the principal motivation for founding the Office du Niger. 

The present irrigation scheme, developed in the 1930s, was initially meant to 

produce cotton in order to support the colonial French textile industry. As these 

plans proved to be ill-omened the changeover to rice cultivation was a success-

ful way out. Following initial difficulties and stagnation in production as well as 

expansion, the Office du Niger has now grown into the largest irrigation scheme 

in West-Africa. Covering 17% of the total area of rice cultivation in Mali it con-

tributes 40% to the national production of rice. Very appropriately Bonneval et 

al. (2002) call the Office du Niger the rice granary of Mali. 

Today the Office du Niger irrigation zone covers ca. 74,000 ha with an annual 

production of ca. 320,000 tonnes of rice (data 1999-2000) and in addition other 

products such as sugar cane and vegetables. Irrigation takes place under gravita-

tion and is made possible by the Markala dam. The irrigation zone is the largest 

consumers of water in the Upper Niger Basin (Chapter 2). Recently Bonneval et 

al. (2002) published a solid historical, environmental and socio-economic essay 

on the Office du Niger zone. This Chapter therefore is confined to a concise 

overview of the most important developments in the area, which are connec-

ted to the themes in this book. It shows the success story of the irrigation zone 

and the high, nowadays more or less secured production, which is independent 

of rainfall and flood performance. However, there are limits: special attention 

therefore is paid to the envisaged expansion of the irrigation zone and the const-

raints, which are related to this (see also Keita et al. 2002). Since its foundation 

the Office du Niger records essential data on the development of the zone, and 

for this study these statistics were generously put at our disposal.

Eddy Wymenga
Jan van der Kamp
Bouba Fofona

THE IRRIGATION ZONE 
OF OFFICE DU NIGER



    11.2 The area

Situation and setting
The Office du Niger area is situated about 40 km 
north-east of Ségou, lying on the north bank of the 
Niger, about 20 km upstream from Ké-Macina at 

an ancient delta of the Niger, stretching eastwards 
and bordered on the west side by a dune system. 
The Delta Mort is a rather flat alluvial plain with 
heterogeneous soil conditions, ranging from sandy 
elevations and dunes to argillaceous soils in the 
former basin and silty soils in between (MDRE/ME 
1999). It forms a secluded part of the Niger Basin 
since the construction of the Markala dam in the 
1940s. Two old river branches (so-called Falas), 
connected by an irrigation canal system, nowadays 
act as water suppliers for agriculture in this area: 
one heading north through the Niono region (Fala 
de Molodo), the other northeast towards the Macina 
region (Fala de Boky-Wéré). 

Historical development
The first steps towards creating the largest irrigation 
scheme in West Africa go back to the beginning 
of the 20th century (1919-1920) when a French 
mission, seeking alternative cotton production for 
the French textile industry, assessed the Delta Mort 
as a suitable location for a 1 million ha large cotton 
plantation. As a result Office du Niger was founded in 
1932 and directed by French colonial administration. 
In 1945 an area of about 25,000 ha was used for 
irrigated cotton and rice cultivation. The Markala 
dam, being operational from 1947 onwards, greatly 

improved the possibilities for irrigation and a firm 
growth set in (1948-59: average 10.3% per year, Fig. 
11.2). In the sixties however, during nationalisation, 
Office du Niger went trough a deep crisis. At the 
same time, with Chinese help, the first sugar cane 
plantations were developed. Between 1965 and 1970 
the growing of cotton was abandoned and since then 
the rice area has increased (changeover to rice, see 
Fig. 11.2). 

In 1978 the production of rice reached a 
temporary peak of 101,000 tonnes, dropping to an 
average of 60,000 tonnes in the years that followed. 
This regression was, amongst other factors, due to 
negligence in maintaining the irrigation system and 
soil depletion. In the early 1980s Office du Niger 
again faced a difficult period. From then on inten-
sive support by foreign donors and the liberalisation 
of the rice market resulted in a positive impulse. 
Between 1983 and 2001 the area of cultivated rice 
increased on average by 2.3 % annually. Schreyger 
(1984, 2002) reports extensively on the historical 
development of the Office du Niger zone, the high 
price, which was paid and the socio-economical 
difficulties which ensued from this.

After a further gradual development the devalua-
tion of the Franc CfA (1994), which made national 
rice much more competitive to imported rice, and 
an intensive program to restructure the irrigation 
zone, Office du Niger is now in full swing. In 2000 
an estimated 74,000 ha of irrigated land north of the 
Niger River received water from Markala. This total 
surface area is roughly composed of the following 
sectors (Keita et al. 2002):
•  55,500 ha of rice polders within the Office du 

Niger;
•  1580 ha new rice polders at Ké-Macina and 

Bewani;
•  5800 ha of sugar cane area;
•  3000 ha of rice managed by the Opération Riz 

Ségou;
•  8000 ha of cultivations outside the regular ON-

embankments (hors-casiers).

the entrance of the Inner Delta (Fig. 11.1). Within 
the irrigation zone Niono functions as the central 
town, while other larger villages are Kourouma and 
Sokolo in the north and Kolongotomo, Boky Wéré 
and Macina in the east. The actual administrative 
scale of the Office du Niger zone is much larger than 
the irrigation zone itself, and extends from Niono 
in the west into the Inner Niger Delta in the east, 
taking up over 1.9 million ha. Within this area future 
expansion is sought, as elaborated on in the regional 
development plan issued in 1999 (Schéma directeur de 
développement, Sogréah-BCEOM-Betico 1999). 

The irrigation zone is located in the Delta Mort, 
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Fig. 11.1. Irrigation zone of Office du Niger with topographical names used in the text. In addition, two satellite ima-
ges are shown: image A of 7 October2001 representing the rainy season, and B of 16 March 2002 after the harvest of 
the crops and before the off-season crop.
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Fig. 11.2. Development of the human population and 
the surface area of rice cultures (ha), both within the 
Office du Niger irrigation zone. The total irrigation 
zone of the Office du Niger covers ca. 74,000 ha. 
Source: Office du Niger.
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People
The success of the Office du Niger irrigation zone, 
providing food and labour, logically attracts many 
people. Brondeau (2002) calls it an “Isle of prospe-
rity” and in a Sahelian context with food insecurity 
as a rule, this is significant. Indeed, as shown in Fig. 
11.1, the population of the Office du Niger incre-
ased enormously, from 21,700 in the late 1940s to 
270,289 in 2002. This attractiveness has not always 
been the case: at the start of the project 2000 labou-
rers were recruited by force to construct the irriga-
tion works. In the early 1940’s new colonists were 
bound by incentive-like credits (Schreyger 2002). 

Thanks to the database of the Office du Niger a 
lot is known about the development of the zone. In 
Fig. 11.3 these data were used to calculate the annual 
change in the population which shows, despite the 
obvious increase over the years, large fluctuations. 
There are several causes to this pattern (cf. Bonneval 
et al. 2002), but especially the dip during nationali-
sation (1960’s) and the two drought periods (early 
1970’s and 1984-1985) stand out. The drought peri-
ods temporarily caused a strong migration to Office 
du Niger. After the last drought period the annual 
growth varied between 5-10%. Between 1978 and 

1998 the number of villages grew from 136 to 208. 
The next Section shows that the number of fami-
lies that are involved in the exploitation increased 
synchronously while the exploited area per family 
decreased strongly.

Landscape and habitats
The landscape of the Delta Mort can be characterised 
as a bare to sparsely wooded savanna locally with 
thorn shrub. Important tree species are Guiera senega-
lensis (N’Goudjé), Ptiliostigma reticulatum and Combretum 
micranthum (N’Golobé). Directly to the west the Delta 
is bordered by a higher dune complex (PIRL 1990) 
cited by Bonneval et al. 2002). In this Section we are 
interested in particular in the wet zone of the Office 
du Niger consisting of the depressions of the former 
river branches, the Falas, and the rice fields in the 
irrigation zone. Forested habitat also occurs in the 
Delta Mort, but the growing rural population has 
an impact on its sustained existence because of fire-
wood demands (Nouvellet & Sanogo 2002). In areas 
where drainage water from the irrigated polders is 
discharged (into the Fala area) substantial forests 
including Acacia nilotica have developed. These have an 
important ecological function (Section 11.4). 

Falas
The Fala area must have followed the Niger flood 
regime before the construction of the Markala dam 
and its related hydraulic infrastructure, into the sur-
rounding floodable areas. The characteristic dynamic 
water levels, within as well as between years, in the 
river’s annual cycle, including the dry conditions 
during low water, are nowadays eliminated. The 
marshy area has become a permanent wetland situa-
ted in a former dry savanna transformed into a huge 
rice cultivation area. The wetland habitats now have 
stagnant instead of dynamic water conditions, which 
is a major ecological change.

The Falas and their adjoining forelands have turned 
into permanent wetlands, whereas the primary 
irrigation canals also contain permanent water. 
Open water and abundant aquatic vegetation with 
interspersed agricultural plots give a natural-looking 

marsh appearance. The main vegetation comprises 
Typha australis (Cat tail) and Nymphea micranthum fields, 
whereas Water hyacinth Eichhornia crassipes also occurs. 
The latter is an invasive species occurring in the Niger 
river since the early 1990s and causing problems at 
sluices and inlets, e.g. at the Sotuba hydro-electric 
power station inlet in Bamako. The ongoing growth 
of extensive Typha vegetations in the water bodies of 
the Falas is a result of the stagnant water conditions 
in combination with eutrophication (cf. Keddy 
2002). Similar growths, but then on a much larger 
scale, occur in the Senegal delta as a consequence of 
the Diama dam (e.g. Peeters 2003). In the irrigation 
zone the Typha vegetations are considered a pest 
causing problems in small irrigation canals. In the 
current wetlands this may, however, be an important 
habitat for water birds and other aquatic fauna 
(Section 11.4). 

Rice fields
In the irrigation zone, the rice fields constitute a 
major wetland habitat, where several varieties of rice 
are being grown. Especially the parcels with a thin 
vegetation and the ones which have been harvested 
are very attractive to waterbirds. The wet season cul-
tivation (‘hivernage’) in the irrigation zone starts at the 
end of May and the harvest takes place in October-
November (Fig. 11.4). Farmers with a double-crop 
(‘hivernage’ and ‘contre-saison’) tend to use short-cycle 
rice rather than long-cycle, as they would have little 
time between crops to remove weeds from bordering 
rice field dikes and to plough the land. At present rice 
planting (‘repiquage’) is generally practised in order to 
maximise yields. The period of December-May shows 
an arid post-harvest landscape except for the parcels 
occupied with dry season crops; these crops basically 
cover the mid-January-May period.
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Fig. 11.3. Annual change in the population of the 
Office du Niger irrigation zone. The line represents the 
two-year running mean. During nationalisation the 
population shrank while during the drought periods 
a strong migration towards the area occurred. Source: 
Office du Niger.
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Irrigation system
In order to supply the rice fields and sugar cane plan-
tations with water, the river discharge at Markala is 
dammed to 5.5 m above the lowest water level. This 
enables the use of a hierarchical hydrological system 
with dropping water levels, feeding larger and smal-
ler canals. The intake of water at Markala fluctuates 
from 58 (January-mean 1989-2004) to 131 m3/s 
(October id.). This water is directed through a large 
canal (canal adducteur, capacity 200 m3/s) towards 
point A, from which it is divided between three lar-
ger canals (Fig 11.5):
•  Canal du Sahel (100 m3/s) discharging into Fala 

de Molodo, leading to the irrigated areas north 
of Niono (Molodo, Sokolo and the surrounding 
area);

•  Canal Costes-Ongoïba (13 m3/s) supplying the sugar 
cane plantation of Siribala;

•  Canal du Macina (50 m3/s) leading into Fala de 
Boky-Wéré, which in its turn runs in an easterly 
direction towards the polders of Macina.

From each of the falas, water is let into distribution 
canals (distributeurs), acting as a primary supply system 
for Sections of 3000-9000 ha, which in their turn 
feed a secondary supply system of partiteurs. These 
smaller canals cover secondary Sections of 200-600 
ha, which approximately correspond to the irrigated 
area which can be managed by one settlement or 
village. Figure 11.6 shows the hydrological system 
in more detail up to the level of irrigated parcels. 
Complementary to the supply system there is a drai-
nage system (collecteurs). 
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Fig. 11.4. Global annual cycle of wet season and off-
season rice cultivations in the Office du Niger. Also the 
monthly rainfall and intake of water is indicated. Partly 
based on N’Diaye (1998).

Fig. 11.5. The irrigation zone of the Office du Niger with water distribution system and irrigated perimeters (Source: 
Bonneval et al. 2002, Keita et al. 2002) drawn on true colour composite of a satellite image of 16 March 2002.The 
area shown measures 160 x 125 km. 

Fig. 11.6. Schematic view of the irrigation system: 
1 distibuteur, 2 partiteur, 3 arroseurs, 4 rigoles, 
5 division des persels en bassins.
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    11.3 Production 

Rice production
In traditional rice farming systems, rain fed or 
flood-dependent, one family with on average 3.5 
active members exploits about 5-6 ha, yielding ca. 
1-2 tonnes/ha depending on flood conditions and 
other constraints such as rainfall (Chapter 8). In fact 
the initial yields in Office du Niger were in the same 
order of magnitude: e.g. 1.56 tonnes/ha in 1943. In 
the course of time, the farmers in the irrigation zone 
managed to attain better results. The statistics of the 
Office du Niger show that the production of rice 
increased enormously from 4129 tonnes in 1935 
to 333,078 tonnes in 2001 and in this Section we 
explore how this increase was achieved. 

The initial growth of the total production in Office 
du Niger was simply a result of a growing surface 
area of rice (Fig. 11.3). The trend in yield per ha in 
Fig. 11.7, however, clearly demonstrates, that from 
the early 1990s onwards there is a leap in the total 
production, which coincides strongly with improved 
yields per ha. Several factors have contributed to this 
huge improvement. 

As remarked under “historical development”, 
Office du Niger was in trouble during the early 
eighties and production strongly lagged behind 
expectations. With the help of foreign donors, an 
intensive campaign started, aimed at increasing the 
production and restructuring the irrigation zone. The 
relevant projects and measures are described in detail 
by Bonneval et al. (2002). Cornerstones were the 
stimulation of off-season cultivation, restructuring 
the irrigation zone (with back repair of the irrigation 
system), stimulation of the planting of rice instead of 
sowing, a more efficient water use and finally low-
ering the exploited surface area per operating fam-
ily. Together with the liberation of the rice market 
(effective at the end of the eighties) and devaluation 
of the FCFA (1994), both crucial stimuli according 
to Chohin-Kuper et al. (2002a) , this resulted in a 
boost in production and yields (Fig. 11.7). 

The separate significance of the factors mentioned 
above is hard to indicate. All of the envisaged meas-
ures were carried out. The surface area of the restruc-
tured area within the irrigation zone (riz d´hivernage sur 
casiers réhabilité) grew from 450 ha in 1982 to 29,740 
ha in 2001. Up till now this is 54% of the total area 
of rice cultivations. Also the planting of rice was 
taken up: while in 1983 rice was planted on only 
5 ha this method is now practised on 98% of the 
total area. In addition to these measures, the ferti-
lisation (inorganic and organic by cattle) went up 
and farmers got improved skills through agricultural 
instruction. Surprisingly, over the period 1987-2001 
we found no relation between total production and 
total use of inorganic (DAP and Ureum) fertilisation 
(R2 0.0096). The improved production methods 
demanded more labour. With a growing popula-
tion of operating families this was achieved by a 

strong decrease of the mean surface area exploited 
per family (Fig 11.8). This also is related to land 
demand and individualisation: young family mem-
bers increasingly want their own exploitations. 

Double-cropping was initiated during the 1980s 
and is nowadays still developing but in terms of 

cultivated area represents only 10 to 20% (1994 
to 2001) of the wet season area. This is far less 
(although it involves more ha) than in Sélingué 
where cultivated surface areas during wet and dry 
season are more or less equal. The yields per ha of 
the off-season rice, which demands more skills and 
labour, lag behind the wet season cultivation, rang-
ing from 2.2 tonnes/ha in 1994 to 4.0 tonnes/ha 
in 2001. According to Chohin-Kuper et al. (2002b) 
farmers choose alternative crops such as eschalot and 
maize because of the higher return.

Other products 
Since the early 1990s, a growing area for other culti-
vations such as eschalot and maize is being operated 
outside the wet season. This diversification is stimu-
lated by Office du Niger since it offers the farmers a 
substantial complementary income (Chohin-Kuper et 
al. 2002b). Alternative cultivations are still develop-
ing: maize increased from 140 ha in 1994 to 600 
ha in 2001, while vegetables take up 2500-3500 ha 
(1994-2001). Eschalot is the most important crop 
and in addition tomatoes, garlic and cabbage are 
grown.
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Fig. 11.7. Total production (tonnes) and yield (tonnes/
ha) in the irrigation zone of the Office du Niger. No 
data for the period 1930-1934. Production and yields 
of off-season rice are not included. Source: Office du 
Niger.
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Fig. 11.8. Number of operating families (exploitants) 
and the mean surface area per family in the irrigation 
zone of the Office du Niger. A substantial decrease in 
parcel-size per family has been part of the strategy to 
intensify rice cultivation. Source: Office du Niger.
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Water use
An important question in the framework of this 
study is; if the increasing production and expansion 
in the course of time also led to an increasing water 
demand? As put forward in Chapter 2, the water 
intake at Markala does not show a clear trend during 
the last 15 years. For the period 1989-2003, being 
the period in which the production greatly increased, 
we didn’t find any relationship between the water 
intake on the one hand and the total production and 
the total surface area of rice on the other (for both 
R2 < 0.001), nor did we find a link between rainfall 
and production (R2 < 0.01). Water intake seemed 
to be a little higher in relatively dry years, but the 
relationship is weak. 

An important conclusion is, that the recent expan-
sion and enormous leap in production were realised 
independently of the rainfall and without using 
additional water. In other words, nowadays water is 
used much more efficiently than in the past, which 
is shown in Fig. 11.9. The water use per kg of rice 
has reduced to 8000 l/kg of rice at present. Ouvry 
et al. (2002) report an efficiency of water use in the 
irrigation zone of ca. 35% at parcel level, which is 
still lower than the international norm for grav-
ity irrigation (50-60%). A part of the reported loss 
however is explained by infiltration, and water use 
for other functions than agriculture and application 
outside the irrigated polders. Yet, it suggests that even 
a higher efficiency is possible. This is exactly part of 
the plans of the Office du Niger, who wants to use a 
norm of 2 l/s/ha for future expansion instead of the 
current norm of 2.4 l/s/ha (Keita et al. 2002).

The reverse of the water use, namely the down-
stream effects in the Inner Niger Delta, are elaborated 
in Chapters 5-8 and 12 of this book. The water intake 
for the benefit of the irrigation zone leads to a reduc-
tion in flood area in the short term and consequently 
in fish and rice production and the grazing possibili-
ties for livestock. For instance the reduction in rice 
production in the Inner Delta amounts to 20,000 
tonnes annually. At the same time the reduced flood-
ing deteriorates the conditions for the survival and 
recruitment of the (avi)fauna in the Inner Delta.

    11.4 Ecological values 

Although the ecological values of the irrigation zone 
of the Office du Niger have been recognised earlier, 
for instance in an environmental study by MDRE/ME 
(1999), documentation is very scarce. Up till now, 
attention was paid in particular to crop-damage cau-
sed by grain-eating birds like sparrows and weavers. 
According to the above mentioned study, crop-dama-
ge by birds amounts to 4-6% of the total damage 
(loss). Between 1994 and 1997 in total 315 million 
FCFA (E 480,000) has been spent on the chemical 
destruction of these birds, mostly at their roosting 
sites in the Fala’s. No information is available on the 
environmental and ecological impact of the use of 
these chemicals in the Office du Niger zone.

As mentioned in Section 11.2, important wet-
land habitats in the irrigation zone of the Office du 
Niger are the irrigated rice polders and the stagnant 
marshes of the Falas. That is why fieldwork activities 
in 2002-2004 mainly focussed on these habitats. 
Information on birds were gathered systematically, 
but given the time available it was not possible to 
cover the whole of the irrigation zone during each 
visit. That is why counts of densities of birds were 
performed, because these are particularly interesting 
in the artificially created rice polders. Bird censuses 
were performed in December, February and June-
July (for details and methods see van der Kamp et al. 
2005 and Appendix 8). The latter period is chosen 
because in the dry season the irrigated fields are one 
of the few wet spots in the Sahelian belt. Additional 
to the bird counts, non-systematic observations 
were gathered of other fauna groups (mammals, 
reptiles). Focussing on waterbirds, we document in 
this Section the high ecological values of the wetland 
habitats in the Office du Niger irrigation zone.

Breeding waterbirds
Breeding habitat for waterbirds can be found in 
the extensive marshy Fala areas, in the few existing 
adjacent wet forests and, to a very limited degree, in 
the rice fields. There are no forests of any size in the 
Office du Niger zone but adjacent to the Fala area 
one can find small-sized forests, in particular in the 
northern part. These serve, at least partly, as breeding 
grounds for herons and egrets. In early July 2003, a 
breeding colony of Cattle egret and Squacco heron 
was found in an Acacia nilotica forest near Diabaly. 
These heron species were also found breeding in a 
small patch of A. seyal (Kokry; June-July 2002, 2003). 
All substantial forests in Office du Niger provide a 
very important potential for breeding colonies of 
herons, egrets and other large wading birds (storks), 
since in the direct vicinity these birds find extensive 
feeding habitats in the rice fields. Since these birds 
consume mainly insects (locusts!), fish and small 
animals (mice, rats) they are also important to 
farmers and serve as biological “pest controllers”. 
Unfortunately, these breeding sites are under serious 
stress due to reclamation programs and other human 
disturbance and exploitation.

The extensive Typha-habitats (with loose Typha-
vegetations and other aquatic plants) in the Falas 
provide breeding possibilities to a number of other 
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Fig. 11.9. Total annual water intake expressed as intake 
per kg of rice (total annual rice production). From the 
early 1980s onwards, it has been a deliberate policy of 
Office du Niger to increase the efficiency of water use, 
for example, by a better maintenance of the irrigation 
system and restructuring of the irrigation zone. Source: 
Office du Niger.
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waterbirds. In the period 2002-2004 the breeding 
of the following species, at least, has been observed 
or suspected: Black-crowned Night Heron Nycticorax 
nycticorax in the Boky Wéré fala, Little Bittern Ixobrychus 
minutus ssp. payesi, Cattle Egret Bubulcus ibis, Squacco 
Heron Ardeola ralloides, Green-backed Heron Butorides 
striatus and possibly other Ardeidae, Purple Swamphen 
Porphyrio porphyrio, Allen’s Gallinule Porphyrio alleni, Black 
Crake Amaurornis flavirostra and other Rallidae. Marsh Owl 
Asio capensis, generally described as an uncommon 
to rare breeding species in West Africa (Borrow & 
Demey 2001), is a fairly common breeding species, 
with main breeding numbers probably in the Fala 
sectors and to a lesser extent in the rice paddies.

Staging waterbirds
To understand the function of the irrigation zone 
for staging waterbirds, it is necessary to know their 
constraints, related to the crop season and the condi-
tions of the area (van der Kamp et al. 2005). In gene-
ral a lot of water birds, (e.g. ducks, herons, egrets), 
exploit the inundation zone by using the Fala area 
and adjacent forests as a roosting and resting place 
while they feed at day time in the surrounding rice 
fields. The falas are long but their width is limited, 
allowing favourable hunting conditions and other 
disturbances by people who have their (often unof-
ficial) crops in the Fala’s forelands. An important 
constraint therefore seems to be the lack of sufficient 
large-scale resting areas. 

A second constraint is posed by feeding conditions. 
Feeding areas (rice fields) deteriorate under post-
crop, arid conditions from December to January (cf. 
Fig. 11.4). The rice fields are most attractive just after 
the harvest or when they are inundated. In particu-
lar for Palearctic waterbirds, for which December-
February is the key staging period (Chapter 9), this 
is a limitation. The relatively recent development to 
grow off-season crops, turning arid post-harvest 
polders into favourable wetlands, have high poten-
tial for waders and may attract other species under 
these more constant wetland conditions. However, 
for Palearctic waterbirds the December-January post-
crop period may remain a bottleneck.

Related to the above mentioned constraints, during 
December and February very few ducks and geese 
were observed in the irrigation zone and limited 
numbers of waders, with the exception of Wood 
Sandpipers in the off-season crops. In all general 
counts, Cattle Egret and Spur-winged Lapwing Vanellus 
spinosus are the most common waterbird species in 
the rice fields, both resident breeders with a known 
tolerance for drier habitats. Despite the post-crop 
conditions, the density of waterbirds in the rice 
fields in December-February is distinctly higher than 
in June-July, which can be completely attributed to 
the absence of Palearctic birds in the dry season, i.e. 
the boreal summer season (Fig. 11.10).

Squacco heron showed an increase in the rice 
fields in June-July and then turned out to breed 
in the Fala and Acacia habitats. Other Ardeidae, except 
Cattle Egret and Yellow-billed Egret Egretta intermedia, 
also seem to mainly visit in June-July (Table 11.1). 
Waders are relatively rare in the rice fields, with a 
marked absence of Black-tailed Godwit Limosa limosa 
and Ruff Philomachus pugnax. Palearctic migrants such as 
Yellow Wagtail Motacilla flava, and Western Turtle Dove 
Streptopelia turtur - among several other Afrotropical 

dove species - exploit the rice fields as feeding zone 
whilst roosting in the Fala area. Total roost numbers 
of the Western Turtle Dove may exceed 100,000 indi-
viduals, which are severely hunted (van der Kamp et 
al. 2005), despite their function as removers of waste 
rice grains, which would otherwise attract pest ani-
mals like mice and rats. 

The Fala zone is important to a wide range of 
Afrotropical waterbirds and acts as a boreal-winter 
quarter for Palearctic migrants, i.e. Purple Heron 

Ardea purpurea, Sand Martin Riparia riparia, Sedge Warbler 
Acrocephalus schoenobaenus and other Acrocephalus species. 
Afrotropical prinia’s and cisticola’s are widespread. At 
the start of the wet season in particular the Fala area 
is frequented by Afrotropical species, amongst which 
are larger numbers of White-faced whistling ducks 
Dendrocygna viduata.

A valuation of the (inter)national ornithological 
significance of the irrigation zone is complicated 
by the fact that complete and frequent censuses of �
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Fig. 11.10. Density (n/km2) of Palearctic and (mainly) 
Afrotropical waterbirds in rice fields of the Office du 
Niger irrigation zone (data 2002-2004). In total 716 
plots were counted (78.2 km2). Note the absence of 
Palearctic waterbirds at the end of the Sahelian dry 
season. For details and methods see van der Kamp et 
al. (2005).
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Table 11.1. Mean densities per 100 ha and estimated numbers* of water birds and wetland-related species in rice 
fields in the irrigation zone of Office du Niger in 2002-2004 (716 plots counted, 78.2 km2). See Fig. 11.11 for the area 
where the counts were performed. For details and methods see van der Kamp et al. 2005, and Appendix 8. Common 
species with low densities are omitted. 1% crit. = 1% criterion of Ramsar Convention (see Table 9.2), Exc. = exceeding 
1% crit,. N = no criteria available. 

* The estimation of a number of species (e.g. Great Egret, Black-winged Stilt) seems too high, judged from additional field 
observations. This is related to the method (see Appendix 8).
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the Fala area are lacking. However, using the density 
counts we can make a rough estimate of present 
numbers in the 550 km2 large rice field area. When 

the 1% criteria (see Chapter 9) are applied, it appears 
that at least 8 species are present in internationally 
important numbers. The irrigation zone harbours 

a relatively large proportion of the populations of 
Spur-winged Plover Vanellus spinosus and Collared 
Pratincole Glareola pratincola. Also noteworthy is the 
presence of the endangered Great Snipe Gallinago 
media. On the basis of additional observations in the 
Fala´s we expect that also the Eurasian Marsh Harrier 
Circus aeruginosus and Purple Heron will exceed this 
criteria. Furthermore, Purple Swamphen Porphyrio 
porphyrio (hundreds), African Pygmy Goose Nettapus 
auritus (some dozens) and African Darter Anhinga rufa 
(>50), all relatively scarce species in West Africa, 
have been observed in substantial numbers. The 
African Swallow-tailed Kite Chelictinia riocourii, hav-
ing a seasonal pattern, shows up at the end of the 
year and disappears in the following months. Some 
3000 birds of this insectivorous species were noted 
at night roosts in December 2003. 

Other fauna groups 
There is almost no information on other fauna 
groups than birds. Patas Cercopithecus patas and Green 
monkeys C. aethiops occur in wooded areas, while 
Side-striped Jackal Canis adustus has a wider distribu-
tion. The rice area holds considerable populations 
of rats, mice and insects (e.g. grasshoppers, locusts, 
beetles, etc.) attracting avian predators like Marsh 
Owl, Black-shouldered Kite Elanus caeruleus and African 
Swallow-tailed Kite (see above). 

According to local people Hippopotamus 
Hippopotamus amphibius, West African Manatee Trichechus 
senegalensis and Monitor Lizard Varanus niloticus occur on 
the adjacent Niger River. Fishermen near Molodo 
claim the incidental occurrence of Hippos, whereas 
rumours about crocodiles occurring in the Fala area 
have not been substantiated during further investi-
gations. However, the Fala zone contains apparently 
suitable habitat: grassy and muddy places, huge stret-
ches of Typha beds and open water with submerged 
vegetation and bushy shores. The permanent water 
bodies in the Fala areas therefore have a high poten-
tial for these species, but on the other hand they are 
subjected to a heavy human presence. 

    11.5 Future expansion: 
perspectives and constraints

The future consolidation and further development of 
Office du Niger is an important spearhead of Mali. 
Of the one million ha once allocated as being suitable 
for potential irrigation only 6% is being exploited at 
this moment. In 1998 Office du Niger launched a 
regional development plan (schéma directeur de dévelop-
pement) in which different scenario’s, both short and 
long term, for future expansion are elaborated on. 
Keita et al. (2002) give a very useful description of 
the envisaged expansion and the constraints which 
may be met in the future. Using their results and 
additional hydrological information from Chapter 2 
in this Section it will be clear that there are limits to 
the expansion. 

The administrative zone of Office du Niger covers 
eight ‘systèmes hydrauliques’, together taking up ca. 
1 million ha, which theoretically are suitable for 
irrigation. Only a fraction of this area, 74 km2, is 
being irrigated at this moment (Fig. 11.12). In the 
regional development plan a conservative scenario 
aims at an expansion in the coming decades of 
14,000-23,000 ha. With the aid of national and/or 
foreign investors this may be enlarged to 30,000-
40,000 ha in 2020 (Témé & Tonneau 2002, cf. 
Bélières & Kuper 2002). Several well-wrought studies 
have drawn attention to the fact that, beside the high 
financial demands, an expansion of the irrigation 
zone has its hydrological and environmental limits 
(for example Bélières & Kuper 2002, N’Diaye 1998, 
Témé & Tonneau 2002, Keita et al. 2002). These 
constraints are concisely listed below.

Fig. 11.11. Area within the irrigation zone of Office du Niger where density counts have been performed, and to 
which the population estimates in Table 11.1 correspond. See also van der Kamp et al. 2005. 
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Soil and surface area
When soil types and elevation are taken into account 
the one million ha of the eight systèmes hydrauliques (Fig. 
11.12) of the zone of Office du Niger are potentially 
suitable for irrigation by gravity (Keita et al. 2002).

Hydrology 
Most studies point to the hydrological constraints 
of an expansion, especially during the dry season 
with the lowest river discharge. Kuper et al. (2002a) 
already concluded that expansion is not feasible with 
Sélingué as a sole reservoir. Presently, the Office du 
Niger uses 2.4 l/s/ha as the norm for overall water 
use, but for the expansion 2.0 l/s/ha is taken as a 
goal. The bottleneck is posed by the river discharge 
in May-June, during the étiage. In Fig. 11.13, we 
see that the natural discharge is elevated by the 
Sélingué reservoir and till now the water intake by 
Office du Niger can be met (see also Chapter 2). 
Even in June 1999, when the water management of 
Sélingué caused a drop down in the river discharge 
(Kuper et al. 2002b), this did not affect the water 
intake at Markala. It also appears, however, that in a 
series of rather dry years in May (1989-1995) the 
natural discharge was insufficient to meet the water 
intake for the irrigation zone of Office du Niger, and 
the water intake was fully dependent on Sélingué.
When the envisaged norm of 2 l/s/ha would be 
used an area of 100,000 ha can be irrigated with 
200 m3/s. For 200,000 ha this is 400 m3/s and for 
960,000 ha, the area which was aimed at in 1930, 
one needs 1900 m3/s, as calculated by Keita et al. 
(2002). In reality this volume is even more since 
water must be transported over greater distances, 
causing a higher evaporation. The mean discharge 
in May and June over 1989-2003 was 239 m3/s 
and 398 m3/s respectively. This discharge, however, 
can not completely be used for water intake for 
irrigation because at least a minimal ecological flow is 
necessary to avoid downstream problems. Though 
this minimum required flow is not yet studied in 
detail, we do have some indications for this. We 
argue in Chapter 12 that the water level in Akka in 
the central Inner Delta should not fall below -0.40 

cm for ecological as well as economical reasons (fish 
survival). To maintain this level at least a minimum 
flow of 50 m3/s at Ké-Macina is needed. With this 
flow international obligations are also secured. 
The additional precondition of a minimum flow 
has consequences for the maximum intake during 
the étiage. The average intake in May (1989 –2004) 
amounts to 84 m3/s. When the required minimal 
flow of 50 m3/s is added, the flow must be at least 
50 + 84 = 134 m3/s. Including the additional 
flow of the Sélingué, the river discharge has been 
regularly below this level (1983, 1985, 1988, 1990, 
1991, 1992, 1994, 2003).

The analysis above means that already in the 
current situation, during a critical part of the year, 
the maximum of what can be taken from the Niger 
river’s discharge is reached in dry years. Therefore, 
a substantial future expansion is not possible with 
Sélingué as a sole reservoir, as already concluded by 
Kuper et al. (2002).

According to Keita et al. (2002) expansion without 
a higher intake in the short term is possible if the 
water management is improved and an adapted 
scheme for sowing is used, for the wet season crop 
as well as for the off-season crop. For the wet season 
crop these authors arrive at a maximal irrigated area 
of 108,000 ha and when double crops are used at a 

Fig. 11.12. Systèmes hydrauliques in the zone of Office du Niger covering 1 million ha (from Keita et al. 2002). The 
study area of the regional development plan (schema directeur de développement) is even greater with 2.8 million 
ha. 
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Fig. 11.13. Water intake at Markala in May  during 
1989-2004 compared to the natural river discharge and 
the additional flow at Sélingué. Source: Office du Niger. 
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total of 86,000 ha. Though they do not mention a 
minimum required flow they do stress the need for 
an integrated water management of the Upper Niger 
river taking into account interests upstream as well 
as downstream.

Soil degradation
As in all irrigation systems in the world there is 
always a serious risk for soil depletion/degradation 
and processes such as salinisation, alkalinisation and 
sodification. In the case of the Office du Niger irri-
gation zone several studies on these problems were 
carried out (e.g. N’Diaye 1998). Soil degradation is 
a common phenomenon in the Office du Niger irri-
gation zone. The extent to which it occurs depends 
on soil texture and varies a lot between locations. 
According to the study of N’Diaye (1998) in the 
zone of N’Debougou 1% of the surface area is affec-

ted, while these figures amount to 6.9 and 13% for 
the zones of Niono and Molodo respectively. In the 
short term these processes related to irrigation are 
not expected to raise major concerns but in the long 
term (> 20 years) they are a potential threat, also for 
a future expansion (Malet & N’Diaye 2002). 

To prevent soil degradation in Office du Niger, 
drainage and conveyance of irrigation water is 
important; in the long run the present hydrological 
system may not be suitable for this. One of the pos-
sible solutions which is envisaged in the regional 
development plan is the construction of a ‘Collecteur 
du Sahel’. This should be a newly constructed drainage 
canal with a high capacity, either discharging into 
the Niger at Ké-Macina (east of Office du Niger, at 
the entrance of the Inner Niger Delta) or heading 
north towards Lac Debo in the centre of the Inner 
Delta. Given the high costs and the large amount of 

questions of a social, economic and environmental 
nature it is questionable if such a project is feasible 
(Bélières & Kuper 2002).

Other socio-economic and environmental 
constraints
The populations in the zone of Office du Niger are 
facing severe health problems. This concerns diseases 
as malaria, bilharzia and semi-epidemic diarrhoea 
which are strongly related to the omnipresence of 
shallow stagnant water and the deplorable sanitary 
conditions (e.g. Niono). It is to be expected that 
an expansion of the irrigation zone will bring 
along a further spread of these diseases, as has been 
the case in the Senegal Delta (cf. Peeters 2003).
The enormous growth of the population in the 
irrigation zone (Fig. 11.2) and the presence of large 
herds of cattle in the dry season cause a severe degra-
dation of vegetation in the surrounding area as well 
as a large demand for wood. According to Nouvellet 
& Sanogo (2002) the annual demand for wood has 
grown analogous to the population growth. They 
report a mean consumption of wood of 0.53 to 
0.57 ton per inhabitant per year. With the actual 
population of 270.000 people (2001-2002) this 
means an annual wood consumption of 143.000 
ton. The environmental and ecological pressure will 
grow with a further expanding population. A sustain-
able management of wood supplies and forests 
is therefore needed (Nouvellet & Sanogo 2002).
The co-existence of irrigated cultivations and cattle 
grazing after harvesting the paddies in Office du 
Niger is not without concern. Especially the nor-
thern area can attract large herds from Mauritania 
and northern Mali the transhumance. On the 
one hand, the organic manure is an important 
source for fertilisation; on the other hand the 
large herds cause degradation of soil and vegeta-
tion. In particular, with regard to the off-season 
crops this increasingly leads to conflicts between 
rice farmers and herders (le Masson et al. 2002).

Ecological constraints and changes
Finally there are ecological constraints. The Fala area 
underwent a major ecological change when the dyna-
mic water table changed into more or less stagnant 
conditions. As in similar wetlands habitats (e.g. 
Senegal Delta), this causes a rapid increase of Typha 
vegetations and intruders such as Water Hyacinth 
and Water Salad. Beside the ecological change, these 
plants also cause obstruction of the irrigation system. 
In the long run this can lead to a necessary mechani-
cal clean up of the ditches and canals (assuming that 
a chemical treatment is not desirable). This process 
will take place independently of expansion.

In general, it must be stressed that expansion also 
provides new wetland habitat. The ecological value 
of the irrigated rice fields largely depends on the 
presence of large resting areas (water bodies, forests) 
where birds and animals are not being disturbed or 
hunted (van der Kamp et al. 2005). The ecological 
values of the irrigation zone have been underexposed 
up till now, but may constitute a worthwhile theme 
for incorporation in future developments. As a 
counterpart to crop damage the important function 
of several bird species as biological pest controllers 
should also be appreciated.
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    11.6                Conclusions

The following conclusions can be drawn from the 
concise description of the Niger irrigation zone:
•  The Office du Niger irrigation zone covers ca. 

74,000 ha with an annual production of ca. 
320,000 tonnes of rice. Other crops like maize 
and vegetables are increasingly grown. At present 
Office du Niger has grown into the largest irriga-
tion scheme in West Africa and provides a secure 
food resource independent of rainfall and flood 
performance. Nowadays the Malian rice produc-
tion meets 90% of the national demand, of which 
the Office du Niger zone accounts for 40%. The 
present rice production in Office du Niger is 
therefore of paramount national importance. 

•  The recent expansion and enormous leap in pro-
duction were realised independently of rainfall and 
without using additional water. In other words, the 
water has been used much more efficiently than 
in the past. At the same time the water intake at 
Markala results in downstream effects, such as a 
reduction of 20,000 tonnes of rice in the Inner 
Niger Delta, in addition to effects on fish produc-
tion, livestock and biodiversity.

•  Important wetland habitats in the Office du Niger 
irrigation zone are the irrigated rice polders and 
the stagnant marshes of the Fala area. A valuation 
of the (inter)national ornithological significance 
shows that at least 8 water bird species are present 
in internationally important numbers. All substan-
tial forests in the Office du Niger zone provide 
an important potential for breeding colonies of 
herons, egrets and other large wading birds. The 
permanent water bodies in the Fala areas have a 
high potential for large aquatic living mammals 
and reptiles. In general, the current ecological 

values are under serious stress due to reclama-
tion programs and other human disturbance and 
exploitation. 

•  The future development of the Office du Niger 
zone is an important spearhead of Mali. Several 
studies have drawn attention to the fact that 
an expansion of the irrigation zone has its 

hydrological and environmental limitations. 
•  The most important constraint is the water intake. 

The bottleneck is posed by the river discharge 
during the étiage when the water intake for 
the irrigation zone of Office du Niger is fully 
dependent on Sélingué. 


