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Abstract

In the last 40 years in sub-Saharan Africa, huge investments have been made in inland
valley (IV) development for agricultural production. Understanding the agricultural
and socioeconomic impacts of IV development may help develop strategies for mod-
ernization and optimization of irrigation systems. A farmers’ perception approach was
used to analyze the impacts of IV development on agricultural and hydraulic perfor-
mances and on farmers’ socioeconomic conditions in the circle of Sikasso, Mali. Data
were collected through focus group discussions, field visits and participatory observa-
tions in 37 inland valleys of which 17 were developed. The two main water control sys-
tems observed in developed inland valleys were (1) controlled submersion with bunded
plots dedicated to rice and (2) spate irrigation regulated by weirs and cofferdams.
Compared to undeveloped inland valleys, controlled submersion and spate irrigation
expanded the cultivated area in the rainy season. In the dry season, crop extension was
observed only in spate irrigation schemes. Higher crop productivity was observed in
inland valleys located close to an urban market and in valleys cultivated during the
off-season. Spate irrigation is widespread in bigger inland valleys with more water
resources and is often associated with the cultivation of higher value off-season crops.
Consequently, we observed farmers had individual and collective investment capac-
ity in spate irrigation schemes than in controlled submersion and undeveloped inland
valleys. The study highlighted the importance of re-thinking the design of water con-
trol facilities to enable crop diversification to improve the livelihoods of inland valley-
dependent communities.
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1 Introduction

Since the droughts of the 1970s and 1980s, agricultural harnessing of inland valleys has
been considered a key decentralized option to mitigate climate risks and contribute to food
security. Inland valleys comprising valley bottoms and their hydromorphic fringes can
be considered as sinks into which surface water and groundwater flow from a surround-
ing catchment (Raunet 1985). Within the landscape, inland valleys are natural harvesters
of rainwater and, by definition, sites where water occurs at or close to the surface of the
ground (Windmeijer and Andriesse 1993; McCartney et al. 2010). This water availability
favors many ecosystem services: plant biodiversity (Junk et al. 2006), fisheries in ponds,
forage production (Adams 1993) and flooded or irrigated agriculture (Verhoeven and Setter
2010). The cropping season can be considerably expanded with early crops such as maize
in dry areas, rice in flooded areas during the rainy season and off-season crops where a
shallow water table enables irrigation (Ahmadi 1998; Erenstein et al. 2006a, b; Sakurai
2006; Singbo and Oude Lansink 2010; Giertz et al. 2012).

Excluding large alluvial plains, inland valleys are estimated to account for 3.6% of sub-
Saharan Africa, corresponding to approximately 85 million ha (Andriesse et al. 1994). In
southern Mali, inland valley ecosystems are estimated to account for about 300,000 ha or 5%
of the total cultivable area (Bariau 1993). With soils that are more fertile than in the uplands
and water and/or soil moisture available throughout the year, inland valleys provide small-
holder farmers with opportunities to produce crops all year round, particularly in drought
years, thereby mitigating food shortages in upland fields and improving farmers’ incomes
(Dossou-Yovo et al. 2017). However, despite their high agricultural potential, only 10-25% of
the total inland valley area in sub-Saharan Africa is used for agricultural production (Roden-
burg et al. 2014) because of human and natural constraints such as the lack of available labor
(Paresys et al. 2018), poor water control (Totin et al. 2014) and limited access to appropriate
technologies (Giertz et al. 2012). To tap the potential of inland valleys for agricultural produc-
tion, many water control facilities have been developed thanks to public investments, coopera-
tion and development projects. In Mali alone, hundreds of inland valleys covering a total area
of 14,300 ha benefited from development projects up to the end of the 2000s (DNGR 2012).
The objective of inland valley development projects was to improve water control in these val-
leys to extend and intensify crop production (Singbo and Oude Lansink 2010).

Despite the large number of projects, there is very little empirical evidence for impacts
of water control facilities, since ex-post evaluations of projects are rare or are rarely avail-
able (Metzger and Giinther 2015). In the Sudanian zone of West Africa, recent program
assessments in Mali, Burkina Faso and Guinea yielded contradictory results. Katic et al.
(2013) conducted an ex-post cost-benefit analysis of two inland valley development pro-
grams, Initiatives Intégrées pour la Croissance Economique au Mali IICEM) in Mali and
Programme d’Aménagement des Bas-Fonds du Sud-Ouest (PABSO) in Burkina Faso. The
authors focused on calculating the economic returns derived from the change in agricul-
tural production due to the construction of water control facilities. They found positive
returns in most of the sites, with an average economic internal rate of return of 58% in Mali
and 8% in Burkina Faso. The economic internal rate of return is defined as the rate at which
the net present value of all the cash flows (both positive and negative) from a project equal
zero (Francis et al. 2005). The factors that most influenced profitability were the increase in
rice yields and the extension of high value-added vegetable crops in the dry season. How-
ever, these assessments were only made in four sites a few years after the project was com-
pleted and were based on expected long-term cash flows with the optimistic assumptions
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that increased returns would be preserved, and that the infrastructure would be well main-
tained. These assumptions were rebutted by the assessments of Delarue (2007), who found
results had not been sustained and that the benefits of inland valley development programs
in eastern Guinea had disappeared over time. Further studies are thus needed to evaluate
the long-term impacts of inland valley development on agricultural production.

The factors that affect agricultural development in inland valleys have been investigated
by several authors. Using geo-referenced lowland data around four urban centers along an
ecological gradient in Cote d’Ivoire and Mali, a study by Erenstein (2006) found that inten-
sification of lowland agriculture was associated with proximity to urban markets, an agro-
ecological gradient, land development and non-native users of the lowlands. Sakané et al.
(2014) reported that the variable nature of household dependence on inland valley resources
in Kenya and Tanzania was reflected in diverse production orientations with different levels
of land use intensity and subsequent land-use intensification of lowlands. Using spatial and
multivariate techniques, Dossou-Yovo et al. (2017) reported that the diversity of biophysi-
cal characteristics of inland valleys and the socioeconomic attributes of their surrounding
environments played a determinant role in farmers’ decision making concerning the type,
duration and intensity of inland valley uses. However, little is known about the relation-
ship between the biophysical characteristics, water control facilities and agricultural inten-
sification in inland valleys. Additionally, the impacts of water control facilities on farmers’
socioeconomic conditions have not been documented to date. The objectives of the present
study were thus to: (1) understand the relationship between the biophysical characteristics
of inland valleys and the type of water control facilities, and (2) evaluate the impacts of the
water control facilities on crop intensification, crop extension, water constraints and farm-
ers’ socioeconomic conditions, all based on farmers’ perceptions.

2 Materials and methods
2.1 Study area

The study was conducted in the circle of Sikasso in the region of Sikasso between latitude
12°30'N and longitude 8°45'W (Fig. 1). The study area is located in the Sudanian agro-eco-
logical zone with a unimodal rainfall regime according to the White classification (1983).
Mean annual rainfall ranges from 800 to 1200 mm (data from 1980 to 2010). The rainy
season lasts from May to October and is followed by a dry season from November to April
when daily average air temperature and daily potential evapotranspiration rise and reach
a maximum of 31 °C and 8 mm, respectively, in April (Fig. 2). Climate change scenarios
foresee a decrease in the annual rainfall of between 7.5 and 15% by 2100 compared to the
average rainfall for the period 1961-1990 (Traoré et al. 2004), which will certainly lead
to changes in inland valley hydrology insofar as the volume of annual runoff represents
23-37% of the cumulated annual rainfall (Lamagat 1980), suggesting that other factors like
land cover, evaporation and groundwater recharge contribute to inland valley hydrology.
Research for the present study was conducted at 37 sites in inland valleys, split between 17
inland valleys developed thank to projects and 20 inland valleys that are cultivated in the
absence of any water control structures. Each site represents a section of an inland valley,
generally belonging to one village. Sampling at each site was based on the hydrographic
network, the spatial distribution throughout the region and accessibility.
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2.2 Data collection

Data were collected in two steps: first, inland valley sites and their mapping (limits of the
area subject to flooding and coordinates of the center) were identified with a Global Posi-
tioning System receiver and second, information was collected in focus group discussions
with the users of inland valleys. Focus group discussions were conducted during the rainy
season (May to October) and the dry season (November to April) in 2010. Data were col-
lected on the economic environment, land development, agricultural productivity, water
constraints and farmers’ socioeconomic conditions. Field visits were made to collect addi-
tional data on the physical and hydrological characteristics of the inland valleys. The data
were collected from small focus groups comprising 5-20 farmers separated into gender
groups in each inland valley. The questions asked during the focus group discussions were
in the local language to insure the respondents fully understood the questions. In total,
the dataset comprised 32 variables divided into six categories: physical environment, land
development, agricultural features and outcomes, economic environment, socioeconomic
impact and water constraints (Table 1). The physical environment provides information
on the surface area of the inland valley, the height of flooding, the depth of the water
table in the dry season, the shape, soil texture and risk of drying up of the inland valley
when there is a dry spell during the rainy season. Land development describes the type
of water control facility, management, year of construction and current condition. Agri-
cultural productivity provides information on the total cultivated area in the rainy and
dry seasons, cropping intensity and crop productivity in the rainy and dry seasons. The
economic environment provides information on the distance between the inland valley
and a market, the presence of equipment for dehusking and storage in the village in the
inland valley concerned. The socioeconomic impact describes the impact of water control
facilities on access to land according to gender and origin and on individual and collective
farmers’ investment capacity. Water constraints describe the major constraints related to
water control. To facilitate discussion of the results, exchange of information, cooperation
and collaboration among stakeholders, the data collected were summarized in a report
that provides an overview of the main characteristics of the 37 inland valleys sites sur-
veyed (Lidon et al. 2012).

Table 1 Description of themes and variables

Theme Variables

Physical environment Extent of inland valley, height of flooding, depth of water table, shape, soil
texture, risk of drying out in the inland valley bottom

Land development Type of water control facility, management, year of construction, condition of
the structure

Agricultural productivity Cultivated area in the rainy season and in the dry season, cropping intensity and
crop productivity in the rainy and dry seasons

Economic environment  Distance to market, equipment for dehusking and storage

Socioeconomic impact Access to land according to gender, origin, contribution to individual and col-
lective investment capacity

Water constraints No major problem, violent high-water surge, poor water control resulting in
excess water in some parts and lack of water in other parts of inland valleys,
early ending of rainy season and stream flows leading to lack of water at the
end of the cropping cycle, others
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2.3 Data analysis

Principal component analysis was performed to understand the relationship between the
biophysical characteristics of the inland valleys and the type of water control facilities. The
following variables were considered: surface area of the inland valley, the shape, soil tex-
ture, risk of drying up in the bottom of the inland valley, the height of flooding, the depth
of the water table and the type of water control facilities. The impact of inland valley devel-
opment on crop extension was evaluated by comparing the percentage of the inland valley
used for agricultural production in the rainy season and in the dry season in undeveloped
and developed inland valleys. The data collected on the developed inland valleys were fur-
ther disaggregated among the types of water control facilities to evaluate the effect, if any,
of the type of water control facilities on crop extension in inland valleys. The impact of
inland valley development on crop intensification and hydraulic performance was evalu-
ated by comparing the cropping intensity, agricultural productivity in the rainy and dry
seasons and water constraints in undeveloped and developed inland valleys. Here again,
the data were disaggregated among the types of water control facilities and further by con-
sidering the condition and management of water control facilities. Cropping intensity was
calculated by dividing the sum of the cultivated area in the rainy and dry season by the
maximum surface area cultivated in the rainy and dry seasons. Agricultural productivity
in inland valleys was evaluated in economic terms because in general, at least two crops
were produced in the dry season in inland valleys. In the rainy season, the main crop was
rice, while in dry season, the main crops included sweet potatoes, potatoes and tomatoes.
Agricultural productivity of an inland valley over one season was calculated by dividing
the total gross income from inland valley cropping during that season by the total culti-
vated area. The total income from farming in an inland valley over one season was calcu-
lated by summing the revenue (production multiplied by price) of the different crops grown
by the farmers of the inland valley. The socioeconomic impact of inland valley develop-
ment was evaluated by comparing the accessibility of the land according to gender, origin
and the collective and individual investment capacities of farmers in undeveloped inland
valleys and with the different types of water control facilities. Farmers’ collective invest-
ment capacity included farmers’ capacity to invest in the social and economic develop-
ment of the village through participation in local governance processes, entrepreneurship,
health and welfare infrastructures. Farmers’ individual investment capacity included their
capacity to purchase equipment for personal use (motorbike, other vehicle, etc.) and for
agricultural use (tractor, pump, etc.). In the focus group discussions, farmers were asked
whether and how the use of inland valley and its development have affected their invest-
ment capacity.

All the statistical analyses were performed with R software (R Development Core
Team 2011). An analysis of variance was performed to evaluate the effects of water con-
trol facility, crop diversification and market proximity on crop extension and intensifica-
tion. Bivariate analyses using t tests were carried out to evaluate the difference in water
constraints in relation to inland valley development, the condition of the water control
facilities and management by farmers. Modalities of the variable ‘water constraints’
included no major problem, violent high-water surge, the early ending of rainy season and
streamflow and poor water control. Modalities of the variable ‘inland valley development’
comprised controlled submersion, spate irrigation and undeveloped inland valley. Modali-
ties of the variable ‘status of water control facilities’ were in good condition or degraded.
Modalities of the variable ‘management by farmers’ included the presence of an active
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management committee present or the absence of an active management committee. All
variables included in the bivariate analyses were transformed into dummy variables prior
to analysis.

Following Erenstein et al. (2006a), an inland valley was categorized as being close to a
market when the distance between the inland valley and the market was less than 30 km.
Accordingly, an inland valley located more than 30 km from market was categorized as
being far from a market. The regional market of Sikasso was used as reference to catego-
rize inland valleys as close to or far from a market since Sikasso market enables the pur-
chase of farm inputs (fertilizers, improved seeds and agrochemicals) and is an outlet for
farm outputs (potatoes, vegetables, fruit and rice grown for the market) for farmers in many
regions of Mali (Vitale and Sanders 2005).

3 Results

3.1 Relationship between the type of water control facilities and biophysical
characteristics of inland valleys

Of the 37 inland valleys investigated, 46% were developed and 54% were not. The main
water control facilities found in the developed inland valleys were spate irrigation which
was implemented in 53% of the developed inland valleys and controlled submersion imple-
mented in 47% of the developed inland valleys. Considering the study area as a whole,
1570 ha of inland valleys were developed using controlled submersion, 1570 ha using spate
irrigation, and 2726 ha of inland valleys were not developed in the circle of Sikasso. Spate
irrigation is defined by Haile (2007) as a resource system whereby flood water is released
through ephemeral streams or seasonal rivers and diverted to irrigable fields. According
to Lawrence and Van Steenbergen (2005), spate irrigation is a scheme redirecting flash
floods from the river bed using conveyance structures (canals) to bunded fields situated at a
certain distance from the water source. The word ‘spate’ (meaning ‘flood’ or ‘inundation’)
refers to water originating from the upper part of river catchments that is diverted in the
lower part of rivers and spread over agricultural land (Komakech et al. 2011). In the circle
of Sikasso, the spate irrigation scheme comprised one dam, usually a cofferdam, a diver-
sion weir, and the main intake structure. The dam was used to limit the flow of water in the
minor bed of the stream thereby increasing the depth of the water upstream of the scheme,
and of conveying water in inland valleys through the diversion weir and the main intake
structure.

A controlled submersion scheme can be classified as a partial water control irrigation
system. In Mali, controlled submersion schemes were developed in the 1960s to improve
the traditional rice free flooding system with dikes and gates to control the entry of water
into flood plains and inland valleys (Barbier et al. 2011). In the circle of Sikasso, the con-
trolled submersion scheme comprised bunded rice fields on contour lines sometimes com-
plemented by a weir and secondary and tertiary irrigation canals to supply rice cropping
areas.

In the principal component analysis of the type of water control facility and the bio-
physical characteristics of inland valleys, the first two axes explained 70% of the total
inertia (Fig. 3). The principal component 1 (PC,) was associated with type of water
control facility, the risk of drying up in the bottom of inland valley in the rainy season,
the depth of the water table in the dry season and flooding height, with loading values
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up to 52%. Principal component 2 (PC,) was associated with the surface area and shape
of the inland valley with loading values up to 18%. Spate irrigation schemes were found
in inland valleys that did not dry up in the rainy season and where flooding height was
more than 1 m and water table was less than 2 m deep in the dry season. Conversely,
controlled submersion schemes were found in inland valleys that dried up when there
was a long drought spell in the rainy season and where flooding height in the rainy sea-
son was less than 1 m and the water table was deeper than 2 m in the dry season. Over-
all, the analysis revealed good consistency between the types of water control facilities
and the main biophysical descriptors of the hydrological functioning of inland valleys
(Lidon et al. 1998), suggesting that spate irrigation and controlled submersion as water
control facilities have different suitable domains for scaling.

3.2 Effects of inland valley development on crop extension

The average surface area of the inland valleys investigated was 363 ha (Table 2). The
average area cultivated in the rainy season (225 ha) represented 62% of the surface area

Table 2 Inland valley (IV) area, percentage of IV area cultivated in the rainy season (RS), in the dry season
(DS), cultivated area (ha) in the dry season (DS) and the presence of off-season crops in different types of
water control facilities

Type of water IV area (ha) Percentage of IV Percentage of IV Cultivated area Presence of

control cultivated in the  cultivated in the  in the DS (ha) off-season crops
RS (%) DS (%) (%)

Spate irrigation 440 a 8l a 34a 151a 100

Controlled sub- 513 a 42b 17 a 67b 37

mersion

Not developed 136 b 75 a 2l a 34b 60

SED 215 12 19 94 -

P value 0.01 0.003 0.53 0.037 0.01

SED standard error of the difference
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of the inland valleys, while the average area cultivated in the dry season (87 ha) repre-
sented 24% of the surface area of the inland valleys. In the rainy season, the percentage
of inland valley area cultivated was significantly higher in valleys with spate irrigation
(81%) and in undeveloped inland valleys (75%) than in valleys with controlled submer-
sion (42%). In the dry season, the percentage of inland valleys cultivated was also higher
under spate irrigation (34%) and in undeveloped inland valleys (21%) than under con-
trolled submersion (17%) although the differences were not statistically significant since
only a small portion of inland valley area was cultivated in the dry season. However,
the area cultivated in the dry season differed between the types of water control facili-
ties and was significantly higher under spate irrigation (151 ha) than under controlled
submersion (67 ha) and undeveloped inland valleys (34 ha) (Table 2). There was a sig-
nificant difference in the presence of off-season crops between the types of water control
facilities. Off-season crops were cultivated in all the inland valleys developed using spate
irrigation and in only 60% of undeveloped inland valleys. The lowest percentage (37.5%)
of off-season crops was found in inland valleys with controlled submersion (Table 2).
Compared with undeveloped inland valleys and those with controlled submersion, spate
irrigation increased the percentage of the surface area of inland valleys cultivated in the
rainy season, the area cultivated in the dry season and crop diversification in inland val-
leys (i.e., the presence of off-season crops).

3.3 Impacts of inland valley development on crop productivity and cropping
intensity

The average productivity of the main crops grown in the dry season (potato, sweet potato
and tomato) was KUS$ 2.2 +0.95/ha, i.e., more than four times higher than the average
productivity of rice (the main rainy season crop) (Table 3). This showed that rice produced
a lower income for farmers in inland valleys than off-season crops. Rice productivity was
higher in undeveloped inland valleys (KUS$ 0.46/ha) than under controlled submersion
(KUS$ 0.36/ha) which theoretically allows better water control. Conversely, the highest
rice productivity was observed under spate irrigation where plot development was non-
existent (KUS$ 0.55/ha). Cropping intensity was higher under spate irrigation than in
undeveloped inland valleys and under controlled submersion, although the differences were
not statistically significant (Table 3).

Table 3 Rice productivity in the rainy season, off-season crops (potatoes and other vegetables) productivity
in the dry season and cropping intensity under the different types of water control

Type of IV water control Rice productivity in the Productivity of off-season crops (potatoes ~ Cropping

rainy season (KUS$/ha) and other vegetables) in the dry season intensity
(KUS$/ha)
Spate irrigation 0.55a 328a 14 a
Controlled submersion  0.36 a 1.82a 12a
Not developed 0.46 a 1.50 a 13a
SED ns ns ns
P value 0.30 0.06 0.33

SED standard error of the difference
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3.4 Impacts of inland valley development on the occurrence of water constraints

Three types of water constraints were faced by farmers: violent high-water surges; poor
water control resulting in excess water in some parts of inland valleys and lack of water
in other parts; and early ending of the rainy season and of stream flows resulting in lack
of water at the end of the cropping cycle. Statistical analyses showed that the frequen-
cies of occurrence of water constraints were independent of the type of water control
facilities (Table 4). However, the frequencies of major water constraints and early ending
of rainy season and stream flows were significantly lower when water control facilities
were in good condition compared with when they were degraded (Table 4), indicating
that the water constraints varied with the condition of the water control facility indepen-
dently of its type. Furthermore, water control facilities were more degraded in inland
valleys developed using controlled submersion than those developed using spate irriga-
tion (Table 5).

The water control facilities were more degraded in the absence of an active management
committee (Table 6). However, the existence of an active management committee did not
guarantee the good condition of the water control facility since 50% of the water control
facilities in inland valleys managed by an active management committee were degraded.
The deterioration of water control facilities with age (Fig. 4) could explain why mainte-
nance actions by management committees were not able to mitigate the effect of aging and
that proper rehabilitation of the water control facilities was needed.

Table 4 Frequency of water management constraints according to the type of water control and the condi-
tion of the facilities

Variables No major Violent high- Early ending of rainy season Poor water
problem (%)  water surge (%)  and stream flows (%) control
(%)

Type of water control (T)

Spate irrigation 33 43 33 33

Controlled submersion 25 25 63 50

P value (main T effect) 0.35 0.35 0.10 0.24
Condition of water control facility (S)

Good 67 33 0 33

Degraded 9 27 73 45

P value (main S effect) 0.01 0.40 <0.001 0.31

Table 5 Type of water control and condition of the facilities in the inland valleys investigated

Type of water control Good condition Degraded condition  Chi-square score
Spate irrigation (%) 44 56 7.9 (0.005)
Controlled submersion (%) 25 75

NB. The value in brackets is the p value
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Table 6 Presence of an active management committee and frequency of good and degraded water control

facility
State of water control Active management commit- Management committee inactive or P value
facility tee (%) non-existent (%)
Good (%) 50 14 0.04
Degraded (%) 50 86 0.04
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Fig.4 Percentage of degraded inland valleys according to their ages

3.5 Impacts of inland valley development on access to land and farmers’

investment capacities

In inland valleys, access to land by women and migrant populations was affected by
water control facilities (Table 7). Spate irrigation and controlled submersion reduced
access to land by women and increased access to land by men (Table 7). In undeveloped
inland valleys, mixed farmers’ groups (i.e., containing both men and women) were the
main users (75%) followed by groups of men (15%) and groups of women (10%). The
situation differed significantly in inland valleys developed using spate irrigation and

Table 7 Water control facilities, accessibility of land by gender and origin and increase in farmers collec-

tive and individual investment capacities

Socioeconomic impact Non-devel- Spate irrigation  Controlled
oped IV submersion
Land accessible to mixed group (%) 75 44 38
Land accessible to male group (%) 15 56 50
Land accessible to female group (%) 10 0 11
Land accessible to indigenous population (%) 55 44 50
Land accessible to indigenous and migrant population (%) 45 56 50
Increase in collective investment (%) 85 100 88
Increase in individual investment (%) 80 100 75
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controlled submersion, where the groups of men were the most dominant with 56 and
50%, respectively, and the groups of women were inferior with 0 and 11%, respectively.
Following inland valley development, men’s access to land increased while women’s
access to land decreased. Water control facilities also affected access to land by migrant
populations (Table 7). Indigenous farmers were the most dominant in 55% of the unde-
veloped inland valleys while mixed groups of indigenous and migrant farmers were the
most dominant in more than 50% of the inland valleys developed using spate irriga-
tion and controlled submersion, showing that inland valley development did increase
access to land by migrant farmers. Spate irrigation increased both the collective (local
economic development) and individual investment capacities of farmers (ownership of
a motorcycle, bicycle, agricultural equipment) in all inland valleys. Controlled submer-
sion increased the collective investment capacity of farmers in 88% of inland valleys
and their individual investment capacities in 75% of inland valleys (Table 7). In gen-
eral, farmers appeared to be more satisfied with the impacts of spate irrigation on their
investment capacities (Table 7).

3.6 Impact of off-season crops and market proximity on crop intensification
in inland valleys

Annual crop productivity was significantly higher in inland valleys where off-season crops
were cultivated than in inland valleys where no crop was cultivated in the off-season.
Annual crop productivity was also higher in the inland valleys located close to a market
compared with inland valleys that were located far from a market (Table 8). Surprisingly,

Table 8 Presence of off-season crops, proximity to a market, cropping intensity, productivity in the rainy
season, in the dry season and throughout the year

Treatment Cropping intensity Productivity in the Productivity in the ~ Annual
rainy season (KUS$/  dry season (KUS$/  productivity
ha) ha) (KUS$/ha)

Presence of an off-season crop (Off)

Off-season crop 14a 0.51a 2.96 a 2.06 a
present (Off1)

Off-season crop 1.0b 0.34b 0b 0.34b
absent (Off0)

SED (main Off 0.19 0.13 1.06 1.0.6
effect)

Proximity to market (M)

Close to market (M1) 1.5a 0.48 a 3.65a 332a

Far from market 12a 045a 147b 0.92b
(MO)

SED (main M effect) ns ns 0.89 1.00

Source of variation Probability level of F
ANOVA summary

Presence of off-season  <0.001 0.03 <0.001 0.01
crop (Off)

Proximity to market 0.08 0.78 0.005 <0.001
M)

M x Off 0.67 0.57 0.33 0.15
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the presence of off-season crops was associated with higher productivity of inland valleys
during the rainy season while market proximity was associated with higher productivity
of inland valleys during the dry season, both contributing to agricultural intensification in
inland valleys.

4 Discussion

This study revealed that from the farmers’ point of view, water control facilities were pri-
marily a way to extend areas with favorable water conditions for the cultivation of rice
and off-season crops. Because groundwater dynamics is a major factor influencing water
conditions in the inland valleys in the region of Sikasso (Legoupil et al. 1997), most of the
developed areas included a weir to dam the bed of minor streams to increase water depth
upstream. As shown by previous surveys (Blanchet and Lidon 1996), the presence of a weir
has a significant impact on groundwater dynamics. When the elevation of the water table
adjacent to the stream bed is lower than the water level in the stream, erecting a dam to the
minor bed of streams increased the level of groundwater table upstream. This resulted in
early flooding of rice plots at the beginning of the rainy season and delayed the drop in the
groundwater table, thereby facilitating watering of off-season crops.

Contrary to the findings of Dossou-Yovo et al. (2018), field investigations revealed that,
according to the farmers, water constraints in developed areas were similar to those in
undeveloped areas used for agricultural production. The fact that similar water constraints
were observed in developed and undeveloped inland valleys can be attributed to the degra-
dation of water control facilities as a consequence of their long lifespan (around 12 years)
and to the fact that the farmers were not sufficiently involved in the development of the
water control structures, which limited their willingness to insure their proper maintenance,
as reported by previous authors (Dembele et al. 2012; Djagba et al. 2013).

By redistributing plots, the development of inland valleys has tended to change the con-
ditions of access to land. Indeed, inland valley development is often hampered by complex
or unfavorable land tenure arrangements (Fu et al. 2010). This was evidenced by the fact
that in undeveloped inland valleys, groups including both men and women were the main
users of inland valleys, while in developed inland valleys, groups of men were the predom-
inant users. This result confirms frequent reports that the construction of a water control
facility reduces women’s access to lowland use (Sakurai 2002, 2006). One explanation for
the fact that inland development reduces access to land by women is that in Mali, plots are
allocated to individuals within the farm by a male elder following patrilineal inheritance.
The most fertile lands are managed by men. Women are allocated the less fertile or more
unreliable plots through their husbands or the male farm managers at the beginning of the
growing season. Thus, plots may not be allocated to women until men have sown their
preferred plots, and there is weak tenure security from 1 year to the next. Following the
development of the inland valley, men perceive a change in the value of the plots and there-
fore choose to farm the inland valley to the detriment of women. A similar observation
was made by Rogé et al. (2017) in the circles of Tominian, Dioila and Bougouni in Mali.
However, the development of inland valleys increased access to land to migrant farmers.
This can be attributed to the fact that inland valley development increased the cultivable
area and therefore, extends access to land to the whole population of the village. Never-
theless, it is difficult to draw a final conclusion insofar as in West Africa, the percentage
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of migrant farmers as well as land tenure situations vary considerably from one village to
another (Saidou et al. 2007).

The economic performance of cropping systems overshadows the development of
inland valleys, even though the latter increases the cultivated area (Dembele et al. 2012).
Furthermore, on a regional basis, the development of inland valleys is expected to be a
better proxy of closeness to growing urban cities, cultivation of off-season vegetables and
market access to ease procurement of external inputs generating a marketable surplus to
pay for their use (Erenstein 2006; Parrot et al. 2008; De Bon et al. 2010; Mawois et al.
2011; Sakané et al. 2011). By increasing the total cultivable area and the number of farm-
ers, inland valley development increases population growth, which in turn triggers the pro-
cess of turning human settlements into villages, villages into towns and towns into cities,
as reported by Bricas and Seck (2004). An undeniable asset of inland valley development
in the circle of Sikasso is that the water control facilities increase production by increasing
the cultivable area. In contrast, under the current conditions of lowland uses, water control
facilities have not increased crop intensification. Cropping intensity and crop productivity
did not differ significantly in developed and undeveloped inland valleys. The fact that water
control facilities did not enable crop intensification in inland valleys could be attributed
to the fact that the development of inland valleys development did not guarantee adequate
control of the water particularly due to the aging infrastructure and farmers consequently
perceived production risks to be similar in developed and undeveloped inland valleys. This
perception of potential risks in developed inland valleys discourages farmers from invest-
ing in agricultural inputs (seed, labor, agro-chemical, etc.) and mechanization to increase
rice productivity.

According to this logic, the economic return of farmers in inland valleys is a function
of the economic performance of their cropping systems independently of the presence of
water control facilities in their inland valley. The results of the study showed that these
performances, like the benefits obtained from the use of the inland valleys, were closely
linked to the presence of off-season crops and proximity to a market. Although this type of
study does not enable precise analysis of the marketing constraints facing off-season crops,
the fact that crop productivity was higher in inland valleys located close to a market and
where off-season crops present suggests that proximity to a market has been a determining
factor in the presence of off-season crops and in the productivity of inland valleys, which is
consistent with the results of previous studies in West Africa (Balasubramanian et al. 2007;
Sakané et al. 2011; Dossou-Yovo et al. 2017). The fact that spate irrigation enables the
production of off-season crops which have a higher market value than rainfed rice, helps
explain the farmers were more satisfied with spate irrigation (Table 7). This result ties in
well with the results of previous studies showing that the output value per input cost of
off-season vegetable was more than double of that of rice (Huong et al. 2013) and reached
the same conclusion that crop diversification—through the introduction of off-season veg-
etables—in rice-based farming systems in inland valleys is a promising way to enhance
farmers’ livelihoods (Rebelo et al. 2010; Kasem and Thapa 2011; Altieri et al. 2015). The
fact that farmers were more satisfied with spate irrigation schemes than with controlled
submersion schemes could explain why management committees were more active in the
operation and maintenance of spate irrigation schemes and the fact that spate irrigation
schemes were less degraded than controlled submersion schemes, as previously reported
by Djagba et al. (2013) in southern Benin.

The potential relevance of spate irrigation stems from the fact that its water is gener-
ated during storm events when water is often in excess and of little value to the upstream
users at the time. A spate irrigation system can be viewed as a system that uses water with
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a low opportunity cost for relatively high-value purposes (Komakech et al. 2011). In arid
and semi-arid areas, where rainfall is insufficient, and its distribution varies considerably
between seasons, and where no perennial rivers exist, spate irrigation can be a key compo-
nent in the production of crops required to sustain livelihoods and improve food security.
In those areas, which are often poor, existing storage facilities are not a sufficient buffer
against climate variability over time, nor do these areas have the financial capacity to con-
struct more water storage facilities. In this context, spate irrigation is a potential alternative
way of improving food security in arid and semi-arid lowlands areas that are subject to
flash floods in rivers that are mostly ephemeral.

Unexpectedly, the presence of off-season crops increased crop productivity in the rainy sea-
son. This may be explained by the fact that off-season crops generally receive higher doses of
fertilizers and better weed control thanks to their high market value. The rice crop produced
during the subsequent rainy season thus benefits from the residual effects (fertilizers and fewer
weeds) of the preceding off-season crops. This increase in crop productivity in the rainy sea-
son in rotation with off-season crops in inland valleys has been reported by other authors and
is perceived as an undeniable asset for crop intensification (Erenstein 2006; Erenstein et al.
2006a, b; Senthilkumar et al. 2009; Singbo and Oude Lansink 2010). Another benefit of off-
season farming is that it increases the farmers’ capital at the beginning of the rainy season
thereby enabling them to use improved technologies to enhance the productivity of their crops
(Pretty et al. 2011). In inland valleys, further increases in rice yield in the rainy season can be
expected from the adoption of good agricultural practices such as animal or motorized trac-
tion for fine tillage, proper bunding and levelling, the use of improved varieties and certified
seeds, sowing or transplanting in lines, application of judicious doses of composite fertilizers
and optimally timed weed control (Becker and Johnson 2001; Touré et al. 2009; Senthilkumar
et al. 2018). This study used a farmers’ perception approach to analyze the impacts of water
control structures on agricultural and hydraulic performances and on farmers’ socioeconomic
conditions in the circle of Sikasso, Mali. This approach has the advantage of paying special
attention to farmers’ beliefs, perceptions and preferences, which are reported to be crucial in
the adoption of technologies (Heong and Escalada 1999), in sustainable intensification (Agye-
man and Evans 2004; Loos et al. 2014; Liao and Brown 2018; Thomson et al. 2019), but are
rarely taken into consideration in the research planning agenda (Williamson et al. 2003). One
limitation of this study is that it did not include a baseline survey to ensure that before project
interventions, farmers in developed and undeveloped inland valleys shared similar characteris-
tics. However, the lack of baseline survey probably did not affect the conclusions of this study,
since the data were collected during focus group discussions and included farmers’ preferred
water control structures and the reasons for their preferences.

5 Conclusions

This study investigated the impacts of inland valley development on crop extension, inten-
sification, water constraints and farmers’ socioeconomic conditions in the circle of Sikasso,
which has the greatest potential for inland valley cultivation in Mali. The results demonstrated
that inland valley development was a determining factor in crop extension and increased the
farmers’ revenues and investment capacities. Crop intensification in inland valleys depended
on the presence of off-season crops and market proximity. Most of the water control structures
were very old and in bad condition and did not improve surface water control in developed
inland valleys. However, spate irrigation appears to have expanded areas that are favorable for
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growing rice and off-season crops, as illustrated by the farmers’ positive perception of their
impact. In view of these findings and in the context of climate change, one of the major chal-
lenges of inland valley development projects is to re-think the design of water control facilities
to better exploit the groundwater resource and improve control of surface water to sustain the
existing off-season crop production system, while also providing an enabling environment for
rice intensification and crop diversification for the benefit of the community, and specifically
strengthening the position of women in land tenure arrangements issues.
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